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PART 1 — UNDERSTANDING VEGETARIANISM
1. DEFINITIONS
According to the International Vegetarian Union (IVU), vegetarianism is a diet derived from plants,
including mushrooms, algae and salt, and excluding any animal meat (e.g., beef, poultry, pork, fish,
seafood), with or without the use of dairy products, eggs and/or honey [1].
The common feature of all types of vegetarian diets is the absolute exclusion of any type of animal
meat. Additionally, based on the exclusion of other food groups or lifestyle-related elements, the diet is
given different nomenclatures:
—
—
—
—
—

Ovo-lacto vegetarian: a vegetarian who consumes eggs, milk and dairy products;
Lactovegetarian: a vegetarian who does not consume eggs but consumes milk and dairy products;
Ovovegetarian: a vegetarian who does not consume dairy products but uses eggs;
Strict vegetarian: a vegetarian who does not consume any animal-sourced products;
Vegan: an individual who adopts a strict vegetarian diet but also excludes the use of any animal products
for other purposes, such as clothing (wool, leather, and silk) or cosmetics tested or that contain ingredients
of animal origen, and the use of animals for entertainment, sports, and research.

The IVU recommends a diet without any animal product (strict vegetarian or vegan),
as an excelent way to provide many benefits for animals, people, and the
environment.
The term “vegan diet” is used in scientific publications as a synonym for “strict vegetarian diet”.
Although the diet is strictly vegetarian and veganism also involves non-dietary aspects, this nomenclature
is valid from a medical and nutritional point of view.
Thus, in the description of articles cited in this Guide, we use the term “vegan diet”,
as typically used in the medical and nutritional literature.
However, from the point of view of individual clinical care, the IVU recommends that health
professionals know the difference between veganism and strict vegetarianism to better address the life
issues of the patient under care.
With the industrialization of food production, highly processed foods with ingredients originating
exclusively from the plant kingdom have become available. The foods are accepted and often frequently
consumed by many strict vegetarians who do not have health concerns as their main reason for adopting
vegetarianism. To aid in health assessments following adoption of a vegan diet, the term plant-based diet
is thus used.
— Plant-based diet: The original term whole food plant-based diet was created in 1980 by Dr.
Thomas Colin Campbell to differentiate between healthy and unhealthy (with refined cereals and
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processed foods) strict vegetarian diets [2]. For some authors, the plant-based diet is a strict
vegetarian diet that relies on natural and minimally processed foods, and based on fruits,
vegetables, whole grains, pulses, seeds, herbs and spices and excluding any type of animal product
(meat, eggs and dairy products) [3, 4].
The IVU defines the term plant-based diet or whole food plant-based diet as a diet
based on whole or minimally processed foods, which may include small amounts of
salt and added vegetable oil, and that excludes all animal-sourced products (such as
meat, eggs, dairy products, and honey).
The term has been increasingly used in the literature, with a certain flexibility in scientific studies to
also include small amounts of animal-derived products, for the purpose of comparing dietary patterns
and interventions, since from a nutritional and health perspective, small inclusions of these products may
not affect the final analytical outcomes.
Although the term plant-based diet was coined as a synonym of a healthy strict vegetarian diet, the
food industry has incorporated this term and defined it as “foods made from plants that contain no
animal-derived ingredients” [5]. Within this concept, there is room for the production of food items
devoid of fiber and phytochemicals and supplemented with hydrogenated fat, sugar and added oil, as well
as dyes and other food additives.
Thus, it is important, when designing a scientific study or interpreting the existing ones, to check the
concept used by the researcher so as to determine more accurately the effects of the intervention against
what would be expected in a typical plant-based profile. It is possible that in a near future, the term whole
food plant-based diet will have to be used to remove any ambiguities about this dietary pattern.
— Semivegetarian, pescatarian, flexitarian, reducitarian, and pollotarian refer to an individual who
consumes mostly a vegetarian diet but may include meat in their meals up to three meals per
week, according to most authors, though this frequency can vary based on each study’s criteria.
Although this individual is not a vegetarian, the nomenclature and group is used in research
studies since individuals in this category enable investigating a dietary pattern (low meat
consumption) that is intermediate between that of omnivores and vegetarians.
— Macrobiotic designates a type of diet that may or may not be vegetarian. Macrobiotic is a specific
type of diet based on whole grains, with a very unique and distinguished philosophical life style.
The macrobiotic diet, unlike vegetarian diets, has specific indications regarding the proportion of
the food groups to be used. These proportions vary and may or may not include meat (usually
white). Macrobiotics does not recommend the use of milk, dairy products and eggs.
In addition to these classifications, there are individuals who follow a raw food diet (raw foodists),
regardless of whether they are vegetarians. These individuals consume food that is not heated above
42°C, also known as a live diet.
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Frugivores consume raw or cooked fruits and vegetables, in addition to pulses. In the context of fruits,
the view is botanical, not nutritional. Frugivores are vegans.
The most common dietary pattern in the world today is omnivore; theoretically, these individuals eat
any type of food, whether animal or plant.
The nomenclature used may give the false idea that it is possible to determine the nutritional status
of the person who follows a specific diet. However, there are omnivores who do not eat vegetables and
fruits, ovo-lacto-vegetarians who rarely eat dairy products and eggs and strict vegetarians who eat
processed or whole foods, among many other possibilities.
Thus, from a populational standpoint, the nomenclature may help to screen possible
deficiencies and excesses in groups with similar dietary profiles, but can never define
an individual’s nutritional status. A strict vegetarian diet may be more varied than an
omnivorous diet or vice versa [6].

2. REASONS LEADING TO VEGETARIANISM
There are several reasons that lead individuals to become vegetarians. Here, we list the most common ones.
Ethics
The perception that animals are sentient beings (capable of suffering or feeling pleasure and
happiness) leads many individuals to not want to participate in any practice that causes animals
pain or suffering, which may include their use as food, clothing, cosmetics, etc.
Health
Several studies associate positive health effects with greater consumption of foods of plant origin
and restricted consumption of foods of animal origin. The adoption of a vegetarian diet for this
reason also includes the feeling of well-being that some individuals report when not eating meat
or animal-derived foods. In the section on health, we will briefly address the results of controlled
studies and meta-analyses.

Environment, sustainability
Information on the subject is gaining increasing space in scientific publications. Due to the
importance of the topic, we delve deeper into the subject at the end of this section (Threat to
Planetary Health).
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Family
The adoption of this type of diet by parents, spouses and family members influences some people
to also adopt it.
Spiritual and religious
Religions such as Adventism, Spiritism, Hinduism, Jainism, Zoroastrianism and Buddhism often
advocate the adoption of a vegetarian diet.
Yoga
Individuals who practice yoga often adopt a vegetarian diet based on energy-related, ethical or
health principles. Yogi principles include Ahimsa or nonviolence, which also applies to animals.
Philosophy
For various philosophical reasons, some individuals choose not to eat meat and often animal
byproducts (eggs, milk, and cheese).
Dislike of taste
It is not uncommon to refuse to eat meat due dislike of its taste.

3. THREAT TO PLANETARY HEALTH: IMPACT
OF ANIMAL FOOD CONSUMPTION
In the current context of global health, where the demand for food is increasing and resources are
becoming scarcer, publications in the field of health point to the need for medical and nutritional
prescriptions not to be disconnected from environmental issues.
"Given the intrinsic relationships between the environmental sciences and nutritional
sciences, it is imperative that public health […] research and practice […] place a
concerted focus on the new discipline of environmental nutrition, which seeks to
comprehensively address the sustainability of food systems" [7].
Within this context, the EAT-Lancet Commission on Food, Planet, Health was created, bringing
together 37 scientists to answer the following question: can we feed a future population of 10 billion
people a healthy diet within planetary boundaries [8]?

42

In the ETA-Lancet report, it was made explicit that a healthy diet for people and the planet must be based
on the consumption of plant foods, minimizing the use of animal products. It was recommended that to
achieve this goal by 2050, there must be a doubling of the consumption of plant foods and a greater than 50%
reduction in the consumption of certain foods, such as red meat and added sugar. A diet that relies on plants
with low animal food intake confers improved human health and environmental benefits [8].
The EAT-Lancet committee recommends that a 2,500-kcal diet include the following protein sources
and ranges of food intake [8]:
—
—
—
—
—

dairy foods (whole milk or equivalents): 0-250 g/day;
beef, lamb, and pork: 0-28 g/day; or
chicken and other poultry: 0-58 g/day; or
eggs: 0-25 g/day; or
fish: 0-100 g/day.

The recommendation of viewing health as an integrated concept (planetary and human health) is
increasing in scientific publications in the field of nutrition because given the current human population
growth, there is no way to disregard the impact of food choices on human health and planetary health.
The IVU encourages the practice of environmental nutrition as a form of integrated
health.
The next four subsections provide data compiled by Dr. Cynthia Schunk, coordinator of the IVU
Department of Global Health, for a comprehensive view on the subject.

3.1. Dietary choices and environmental sustainability
Food systems intricately link human health and environmental sustainability; however, they are
currently threatening both [8]. We are approximately 8 billion humans on this planet, but raise and
slaughter nearly 80 billion land animals – and an even greater number of aquatic animals – every year for
use as food. Raising livestock is a highly inefficient means of producing food: farmed animals consume
much more food than they produce. On average, approximately ten times more calories are used to feed
farm animals than those available in their meat [9]. Biologically, this energetic inefficiency is to be
expected, since most of the calories, protein and other nutrients that an animal consumes are not
converted into meat, but are used instead to keep the animal alive (for locomotion, maintenance of body
temperature, tissue repair, among multiple other metabolic functions). Energy is also lost in the form of
waste.
Due to the low energy efficiency typical of meat, egg and dairy production, large areas of land (many
of which high-grade arable land) are needed as pasture, or to produce animal feed. Currently, almost two
thirds of all soybeans, maize, barley, and about a third of all grains are used as feed for animals [10]. In
general, the livestock industry uses over 80% of the arable land on the planet, even though animalsourced foods provide only 18% of the calories consumed globally [11].
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Naturally, livestock farming exerts an enormous pressure on every ecosystem on Earth, leading to
habitat loss and waste of natural resources that could otherwise be used more efficiently. Not surprisingly,
the consumption of meat (both land and aquatic animals) is considered one of the main drivers of the
current sixth mass extinction on this planet.
The draining of rivers, lakes, and other freshwater bodies to irrigate land used to grow crops used as
animal feed also has a major impact on water resources [12]. Meat production in water-stressed areas is
indeed a major competitor with other uses of water, including those needed for the proper maintenance
of ecosystems [13].
Water and soil pollution are also major outputs of the livestock sector. Animals, obviously, generate
waste. In intensive animal operations, the enormous volume of waste (manure) produced by thousands
of animals is often untreated, as the costs of proper management are prohibitive to many farmers, or can
be often worked around with faulty legislation and deficient enforcement. Be it by direct discharge,
infiltration or runoff, livestock waste contaminates the ground and surface water with pathogens, drug
residues and excessive levels of organic matter. This can in turn favor the proliferation of algae and
bacteria, which by consuming the oxygen available in the environment make it unsuitable for other
organisms. Similarly, the major impact of livestock production on greenhouse gas emissions is well
established [14].

3.2. Looking forward
Population growth and a rising demand for animal products will further intensify existing pressures
on land, water, and other natural resources. It is estimated that if dietary patterns are left unchecked,
over 1 billion hectares of arable land (the size of the entire European continent) would be needed [15],
with simultaneous increases in deforestation and loss of natural capital. This scenario is unsustainable.
Fortunately, there is a great potential to mitigate the environmental challenges ahead of us through
changes in consumption patterns, as the amount of land and natural resources required to sustain plant-based
diets is substantially lower than that required to sustain existing (omnivorous) dietary patterns. Vegetarian
diets have been shown to be much more sustainable per unit of weight, per unit of energy, or per protein
weight than diets including animal-sourced foods across multiple environmental indicators [8].

The IVU recognizes the heavy environmental footprint of animal food production,
and that a shift towards plant-based nutrition is one of the most promising means
to promote a healthy, safe, and sustainable future for all.

3.3. Pandemics and and infectious disease epidemics
Over the last century, pandemics and epidemics with pandemic potential predominantly had their origins in
the contamination of humans with pathogens from butchered wild animals, or in wild pathogens cultured in
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animals living in intensive and modern animal farming systems. This was the case, for example, of the Ebola
outbreaks, the 2002-2003 SARS epidemics, the swine flu (H1N1pdm) pandemic of 2009 and multiple avian flu
outbreaks. In the latter cases, poultry and swine made the genetic bridge between the wild virus and the virus
that spread in the human population.
Livestock species now constitute more biomass than all wild mammals combined, harboring a much larger
number of zoonotic viruses than their wild relatives [16]. Importantly, domesticated species such as chicken,
pigs and cattle act as intermediate or amplifier hosts where pathogens can evolve and spill over into humans.
Pigs, having receptors for avian, swine, and human influenza viruses, are regarded as ideal mixing vessels for
the emergence of influenza viruses with pandemic potential [17], as was the case in the 2009/H1N1pdm
pandemic. Similarly, intensive poultry farming has made highly pathogenic avian influenza pervasive, with
most reassortments and conversion events from low pathogenic to highly pathogenic strains (that is, viral
strains that have a higher lethality) reported in commercial poultry farms [18].
Indeed, many of the ideal conditions for the emergence of highly pathogenic viruses are present in
modern animal farming systems. For example, the maintenance of large populations of animals at high
stocking densities in closed environments promotes the development of high levels of pathogenicity in
multiple ways. First, by facilitating the rapid animal-to-animal movement of multiple viral strains.
Additionally, viruses are faced with hosts that are incredibly susceptible to infection, where pathogens
can multiply rapidly to high levels. Moreover, immunosuppression induced by chronic stress, whereby
individuals lose partially the immune response that protects them against infection, is well documented
[19]. Although modern facilities have biosecurity protocols in place, the large scale of the organic outputs
of these systems, the dependence on multiple players in the production chain, the transport of live
animals nationally and across borders, and the possibility of contamination of the final products makes
those measures insufficient. Additionally, poor compliance with biosecurity has been shown to be endemic in
the industry [20]. The borderless nature of zoonotic diseases often means that a biosecurity risk in one
place is a biosecurity risk everywhere.
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3.4. Antimicrobial resistance
The emergence of antimicrobial-resistant bacteria is currently deemed as one of the biggest threats
to global health. Pathogens that cause serious medical problems, or complications from these conditions
– such as tuberculosis, sexually transmitted diseases, urinary tract infections, pneumonia, and hospital
infections – have now become resistant to a wide range of antibiotics. About 700 thousand deaths per
year already occur due to antibiotic-resistant infections, with an estimated 10 million deaths per year due
to antibiotic-resistant infections in 2050 (more than cancer or diabetes) considering the current levels of
dependence on animal-sourced products [21].
Although part of the problem is the overuse of antibiotics by the human population, most antibiotics
(over 70%) sold in the world are not used in humans, but in animals raised as a source of food,
predominantly in intensive animal farming systems. In these systems, antimicrobials are widely
administered to all animals (regardless of their health status) to promote their growth or prophylactically,
to ensure the survival of farmed animals (often very susceptible to infectious diseases) until the end of
the production cycle [22]. Antimicrobial-resistant bacteria have been isolated in several food-producing
animals and derived animal food products sold in supermarket chains in multiple countries.
The IVU recognizes that animal farming systems represent an unacceptable level of
threat to public health, and advocates that a transition towards safer methods of
food production is at the core of protecting the well-being of current and future
generations.

4. VEGETARIANISM AROUND THE WORLD
A study published in 2010 estimated the number of existing vegetarians in the world to be 1.5 billion
people, of who only 75 million are vegetarian by choice and 1.425 billion by necessity. In this estimate,
those who do not eat meat because they do not have the financial means would probably do so if their
situation changed [23].
Among countries, India has the highest prevalence of vegetarians, with 40% of its population defined
as such [2].
According to an American telephone survey conducted by Gallup, 5% of 1,033 adults reported being
vegetarians, and 3% reported being vegans. Among individuals, vegetarianism was more commonly
adopted by those under 50 years of age (7-8%) than by older people (2-3%) [24].
It is estimated that the number of vegans in the United States has grown by 600%, from a population
of approximately 4 million people in 2014 to approximately 19.6 million in 2017 [25].
In Switzerland, at least 2.5% of the population is vegetarian, among whom 10% is vegan [26].
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In Brazil, based on data from 2018 from IBOPE (Institute of Public Opinion and Statistics), which
surveyed individuals over 16 years of age, 14% reported being vegetarian, and 55% of Brazilians would
consume more vegan products if such information was indicated on packaging. The vegetarian
population, compared with that in the previous survey conducted in 2012, increased by 75% in
metropolitan areas [27].
Plant-based products that replace animal-based products have grown steadily in recent years. These
data represent not only the increase in the number of vegetarians but also in the number of people
interested in reducing the consumption of animal products and increasing that of vegetables.
Plant-based products are currently the main sales drivers of the retail market, and their sales have
grown almost 2.5 times faster than total food sales. Data published in April 2021 in the United States
show that the sale of these substitute products grew 27% last year, from 5.5 billion dollars in 2019 to 7
billion dollars in 2020. In addition, sales, in dollars, of plant-based foods grew 43% in the past two years.
Plant-based milk today accounts for 15.2% of all dollar sales for milk. Plant-based milk alone accounts for
35% of the plant-based foods sold in the retail market [28].
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PART 2 — EFFECTS ON HEALTH
The vegetarian diet is not a single diet model followed by people in an identical way. More or less
healthy choices can be made, and this directly impacts the results obtained, either in terms of nutrient
intake or disease prevention and treatment.
However, the choice of plant-based foods in their natural and whole form and the abstention or
reduction in the consumption of animal foods have important metabolic impacts.
The focus of this guide is dietary planning, not examining the relationship between vegetarianism and
disease prevention and treatment, as the latter is material for another work. Nevertheless, we briefly
describe the main findings for different clinical conditions studied. In this part of the guide, we begin with
a discussion of the potential effects of healthy eating and end by presenting important studies on the
main chronic noncommunicable diseases.

1. POTENTIAL FOR DISEASE PREVENTION AND
TREATMENT THROUGH A VEGETARIAN DIET
The use of whole, plant-based foods, as advocated by the IVU to obtain the greatest benefits from
consuming a vegetarian diet, substantially increases the consumption of fiber and phytochemicals,
positively modulates microbiota, and reduces the consumption of all negative elements present in animal
products, which we will address later. Next, we will provide a brief synopsis of the action of these
compounds.

1.1. Fiber
Fiber is nondigestible carbohydrates, usually derived from plant-derived polysaccharides, with several
positive health benefits. A well-planned vegetarian diet contains a considerable amount of fiber, as such
a diet will consist of natural and whole foods.
Fiber consumption by Americans and Europeans is approximately one-third lower than the
recommended level [29]. It is also low worldwide, i.e., under 20 g per day, when the recommended intake
is 25-29 g/day [30].
Fiber can act differently if it is soluble or insoluble, but in general, it decreases gastric emptying
(increase satiety). Its viscosity (especially that of soluble fiber) slows the peristalsis of the small intestine
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(which favors the slower absorption of nutrients, including glucose, with a reduction in the glycemic index
of the food) and leads to the formation of a more voluminous and softer fecal bolus. Its effect on glycemic
control is remarkable, as indicated by a meta-analysis that showed improvements in insulin sensitivity,
glycated hemoglobin, lipid profile, body weight and C-reactive protein level [31].
Due to its ability to bind with various intestinal compounds, fiber (especially soluble fiber) increases
the fecal excretion of cholesterol and bile salts. It provides a substrate for bacterial fermentation and
thus modulates the microbiota and generates several compounds beneficial to metabolism. Studies
suggest that fiber has extraintestinal effects linked to a possible reduction in HMGCoA reductase activity
(key enzyme in cholesterol synthesis), in addition to modulating LDLc (low-density lipoprotein), CYP7A1
and MAPK receptors, as well as other genes related to lipid metabolism [32].
A meta-analysis showed that for each 10 g increase in fiber intake per day (of any type), the risk of
cardiovascular disease is reduced by 9%, that of coronary disease is reduced by 11% and that of all types
of cancer is reduced by 6% [33]. The effect of fiber in the prevention of colorectal cancer (adenoma) is
fully established, both in prevalence and incidence, and seems to be more closely associated with
protecting males than females [34].

1.2. Gut microbiota
The microbiota has been the subject of many studies, from which there are important results that
pertain to the vegetarian diet. A brief summary of these aspects is provided in the box below.
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Brief summary of the gut microbiota
Use the subsequent passages to follow the figures (adapted from reference [35]).
The distal colon contains bacteria that ferment mostly peptides and proteins because fiber is less
available at this site. Proteolytic fermentation produces harmful substances (ammonia, p-cresol,
hydrogen sulfate, indole compounds and branched-chain fatty acids) that have a negative effect on
liver function (reduced lipid oxidation capacity, increased lipogenesis, and inflammation), on
adipose tissue (lipid storage capacity and inflammation) and on the integrity of the intestinal
barrier, leading to endotoxemia. Carbohydrate fermentation has the opposite effect and improves
pancreatic beta-cell function, insulin secretion capacity, muscle sensitivity and muscle lipid
oxidation capacity [35].

Figure 2.1. Metabolic actions of carbohydrate and protein fermentation

Figure created by Professor Doctor Eric Slywitch
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Most studies indicate that protein intake is correlated with greater microbiota diversity. However,
animal and plant proteins have different effects. Individuals who consume a high amount of meat
(which contains a high amount of fat) show less abundance of bacteria such as Roseburia,
Eubacterium retale and Ruminococcus bromii because they metabolize polysaccharides [36].
Bacterial populations that increase in response to increased meat consumption are tolerant to bile,
for example, Bacteroides and Clostridia, and by increasing the amount of protein and fat in the diet,
the amount of carbohydrate is automatically reduced, and the inflammatory response increases, as
well as the risk of colorectal cancer [37]. Individuals who consume protein from peas exhibit
increased Bifidobacterium and Lactobacillus proliferation and reduced pathogenic bacteria (e.g.,
Bacteroides fragilis and Clostridium perfringens) proliferation [38].
The change in the microbiota from proteolytic to saccharolytic (carbohydrate-based) fermentation
plays a role in the prevention of metabolic diseases, such as type 2 diabetes and nonalcoholic fatty
liver disease and produces the opposite effect to that caused by protein with fat. A more
saccharolytic microbiota produces more acetate, butyrate, propionate, and succinate. Acetate,
propionate, and butyrate (short-chain fatty acids – SCFAs) promote increased intestinal
gluconeogenesis, with a beneficial effect on homeostatic energy regulation. Acetate and butyrate
promote an increase in thermogenesis in adipose tissue and the liver and increase the amount of
brown adipose tissue and the secretion of leptin (hormone produced by adipose tissue that plays a
role in the control of food intake) and promote improvements in pancreatic function (optimization
of beta-cell function and insulin secretion) and muscle function (greater fat oxidation capacity and
greater insulin sensitivity). Additionally, acetate, propionate and butyrate stimulate the secretion of
intestinal hormones with satietogenic action, for example GLP1 (glucagon-like peptide) and PYY
(peptide YY). The vagus nerve has a direct influence on the feeling of satiety because after a
vagotomy, GLP1 loses its satietogenic action. The action of SCFAs on afferent vagal stimulation and
energy homeostasis is still the subject of investigations. In addition, increased intestinal
gluconeogenesis results in reduced hepatic glucose production (hepatic gluconeogenesis) and
improves energy homeostasis [35].
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Figure 2.2. Metabolic actions of carbohydrate fermentation

Figure created by Professor Doctor Eric Slywitch

SCFAs are substrates for maintaining colonocyte health, play a role in the maintenance of the
intestinal barrier and prevent endotoxemia and its secondary inflammatory effects. SCFAs play a
protective role in type 2 diabetes, inflammatory bowel disease and autoimmune diseases, promote
immunity against pathogens, and are important for microglia function and for the maturation and
control of the integrity of the blood-brain barrier [35].
The consumption of plant-based foods with little or no cooking, with an intact cell wall, provides
more substrate for use by intestinal bacteria. An ultra-processed diet with acellular nutrients is
easily absorbed in the small intestine, depriving the colon of important nutrients and altering the
composition and metabolism of the gut microbiota [39].
Regarding fat, both the quantity and quality affect the composition of the gut microbiota. A plantbased, low-fat diet increases the population of Bifidobacteria. With poly- and monounsaturated
fats, the Bacteroidetes:Firmicutes ratio increases, as does the population of lactic acid-producing
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bacteria, bifidobacteria and Akkermansia muciniphila [38]. The consumption of nuts increases
Ruminococceae and Bifidobacteria, in addition to reducing Clostridium sp.
Conversely, the consumption of saturated fat increases Bilophila and Faecalibacterium prausnitzii
and reduces Bifidobacterium [38]. This change induces inflammation (production of cytokines such
as IL-1, IL-6 and TNF-alpha) and metabolic disorders [40]. High intake of saturated and trans fat
increases cardiovascular risk and reduces Bacteroidetes, Bacteroides, Prevotella, Lactobacillus ssp.
and Bifidobacterium spp. and increases Firmicutes [41].
The adoption of plant-based eating has a positive effect on the gut microbiota, optimizing strain
diversity, reducing the most pathogenic bacteria, reducing the level of inflammation and producing
more SCFAs [42, 43].
From the cardiovascular perspective, in addition to the inflammatory effects previously mentioned,
there are two other important points to consider: the effects on cholesterol and on trimethylamine
N-oxide (TMAO) formation (which will be discussed in another section).
Several bacterial strains isolated from the gut or feces can convert cholesterol into coprostanol,
which is weakly absorbed by the intestine and eliminated in the feces, disfavoring the cholesterol
enterohepatic cycle and reducing serum cholesterol levels [44, 45]. Thus, a higher intake of
carbohydrates with fiber and lower intake of animal protein with fat reduces the reabsorption of
cholesterol by breaking its enterohepatic cycle.
In the context of cardiovascular risk, the Mediterranean (low consumption of animal products) and
vegetarian diets show the best cardiovascular metabolic profile, represented by increased SCFA
production and reduced TMAO and secondary bile acid production, because they lead to an increase
in some bacterial strains (Prevotella, Candida albicans, Faecalibacterium prausnitzii, Clostridium
cluster XIVa, Roseburia, Ruminococcus, and Parabacteroides distasonis) and a reduction in others
(Bilophila wadsworthia, Alistipes putredinis, and Escherichia coli) [46].

1.3. Antioxidants, phytochemicals and phytosterols
Regarding the protective compounds present in a plant-based diet, a study analyzed the total
antioxidants in more than 3,100 foods, beverages, spices, herbs, and supplements used worldwide. The
mean antioxidant content in animal foods was 0.18 mmol/100 g, and in plant foods, it was 11.57
mmol/100 g. In other words, per the same unit weight, there is 64.27 times more antioxidants in foods
originating from the plant kingdom than in foods originating from the animal kingdom [47].
A diet with one portion of meat and three portions of dairy products provides approximately 500-kcal
from foods with a low antioxidant content (0.18 mmol/100 g). In a 1,500-kcal diet for women, this is
equivalent to 33.3% of the diet consisting of foods with a low antioxidant content. The replacement of
these animal products with vegetables (11.57 mmol/100 g of antioxidant content) substantially increases
the intake of antioxidants.
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More than a dozen previous studies have shown that vegetarians have higher serum levels of various
antioxidants, higher SOD (superoxide dismutase) activity, greater protection against lipoprotein
oxidation and greater genomic stability. Vegetarians who do not supplement vitamin B12 (we will discuss
this further in the corresponding chapter) tend to have a higher homocysteine level, which increases free
radical formation. However, even under these conditions, some researchers have shown a lower rate of
atherogenicity, lipid peroxidation and oxidation. These findings reinforce the importance of the
antioxidant system as an integrated system dependent on risk and protection variables [48-58]. Later, we
will present meta-analyses that address this topic.
The effect of phytochemicals on health is remarkable. Containing an enormous amount of bioactive
compounds, plant foods have the ability to influence various body systems, modulate antiinflammatory
action and the production of nitric oxide [59] and influence the fight against viruses [60, 61].
A study with 2,884 participants (94.8% physicians and 5.2% nurses and nursing assistants) who
worked on the front line against COVID-19 in six countries (France, Germany, Italy, Spain, the United
Kingdom and the United States) evaluated, based on the number of contaminations, the severity and
duration of infection occurring between July 17 and September 25, 2020. The diets of the participants
were classified into 11 established patterns, and a validated questionnaire was used to qualitatively assess
the diets. At the end, the different diets were grouped as follows: plant-based diet, plant-based with fish
diet and low-carbohydrate and high-fat diet). A total of 568 individuals with COVID-19 (half by serology
and half by signs and symptoms because they could not undergo testing) and 2,316 controls were
evaluated. The final analysis indicated that the group that consumed more vegetables and less meat
(plant-based group) had a 73% lower chance of having moderate-to-severe COVID-19; the group who
consumed fish had a 59% lower chance of developing moderate-to-severe COVID-19; and those who
consumed a diet with a higher content of animal products had a 286% higher chance of developing
moderate-to-severe COVID-19. Because the study was observational, with all the limitations inherent to
that type of analysis, further studies are needed to validate the outcome, but the direction shows that a
higher consumption of plant foods, compared to a higher consumption of animal foods, seems to reduce
the manifestation of symptoms of COVID-19 [62]. Data such as these are not surprising in well-controlled
studies of the antioxidant potential and improvements in metabolic conditions when adopting a wellplanned vegetarian diet, as we will see later.
When plants are threatened by insects or predators, their secondary metabolism is activated and
increases the production of phytochemicals, which protect the plant. Organic farming promotes plants
with higher levels of polyphenols, silicic acid and vitamin C [63, 64].
Regarding protective compounds found in the plant kingdom, phytosterols deserve attention.
Phytosterols are lipid compounds (steroids) derived from plants and represent the largest unsaponifiable
lipid fraction in plants. Although found in all plants, most phytosterols are oils from unrefined plants, such
as oilseeds (sesame, sunflower, soybean, macadamia, almond and olive). Oilseeds, whole grains and
legumes are also good sources of phytosterols, and their best known representatives are beta-sitosterol,
campesterol and stigmasterol [65].
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The consumption of phytosterols has several health benefits, as these compounds modulate
inflammatory and antioxidant responses and have antiulcer, immunomodulatory, antibacterial, and
antifungal activities. They have a recognized cardiovascular effect due to the ability to inhibit platelet
aggregation and reduce the levels of total cholesterol and LDLc by 7-12.5% at a dose of 1.5-3 g/day [65].

1.4. Exclusion of animal products
The exclusion of meat and animal products leads to a significant reduction in the consumption of
saturated fat, heme iron, advanced glycation and lipoxidation end-products, carnitine,
phosphatidylcholine and choline (precursors for the formation of trimethylamine N-oxide or TMAO), in
addition to chemical compounds with carcinogenic action used in the preservation of these products,
such as nitrites, which react with amines and amides in the gut and become N-nitrous compounds,
nitrosamines and nitrosamides [66]. In addition, the exposure of meat to high temperatures leads to the
formation of heterocyclic amines and polycyclic aromatic hydrocarbons, known to be carcinogenic. The
presence of N-glycolylneuraminic acid in meat (especially red meat) increases the systemic inflammatory
response. In addition, animal products are devoid of fiber and phytochemicals, in addition to having a
macronutrient composition based on fats and proteins, with no or low carbohydrate content.
We must better understand the effect of these substances on the human body.

1.5. Saturated fat
The box below provides important information regarding the metabolic action of saturated fat.
Use the subsequent passages to follow Figure 2.3.
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Figure 2.3. Action of saturated and trans fats and lipopolysaccharides (LPS) on insulin resistance.

Figure created by Professor Doctor Eric Slywitch

Saturated fat, in addition to the already-mentioned negative effect on the gut microbiota, has a direct
effect on the formation of compounds with inflammatory action (TNF-α) and negatively affects
glycemic control.
The main mechanisms that lead saturated fat to affect insulin sensitivity are mediated by the stimulation
of toll-like membrane receptors 2 and 4, present in the cell membrane. When saturated fat, trans fat and
LPS (lipopolysaccharides from the outer membrane of gram-negative bacteria) come into contact with a
toll-like receptor, a cascade reaction occurs via MDY-88 that leads to the production of NF-kappa B and,
later, the expression of TNF-α (tumor necrosis factor alpha), causing insulin resistance by altering
phosphorylation after the binding of insulin to its receptor. In physiological pathways, after insulin binds
to its membrane receptors, tyrosine kinase activation triggers the phosphorylation of tyrosine residues
on cellular substrates (IRS – insulin receptor substrate), resulting in the migration of glucose transporters
(GLUT-4) to the cell membrane and favoring a reduction in blood glucose. The presence of TNF-α causes
serine rather than tyrosine phosphorylation on insulin receptors, negatively affecting the intracellular
response of GLUT-4 migration to the cell membrane. This slows the removal of serum glucose from
insulin-dependent tissues [67].
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In addition, higher fat intake, especially saturated fat, leads to adipocyte hypertrophy and
macrophage infiltration, leading to the increased production of cytokines (such as TNF-α and IL-6)
and negatively altering insulin sensitivity [67].
By dysbiosis, LPS stimulates toll-like receptor 4, causing stress in the endothelial reticulum, which
leads to cell apoptosis (via caspase release) and insulin resistance via the formation of reactive
oxygen species via JNK (Jun N-terminal kinase). It is worth mentioning that diets rich in fat reduce
bifidobacteria, Eubacterium, Clostridium coccoides and Bacteroides, with an increase in serum LPS
[67].
The metabolites derived from the oxidation of fatty acids (acylcarnitines, long-chain Acyl-CoAs,
ceramides and diacylglycerols) promote insulin resistance [67].
The negative effect of saturated fat on insulin resistance is more evident when its intake exceeds 10%
of the total caloric volume.

1.6. Advanced glycation and lipoxidation end-products
Advanced glycation end-products (AGEs) are proteins or lipids nonenzymatically glycated with
glucose or other reducing sugars and their derivatives, such as glyceraldehyde, glycolaldehyde,
methylglyoxal and acetaldehyde. This formation can occur through three different pathways: the Maillard
reaction, the polyol pathway and lipid peroxidation. The formation of AGEs is directly linked to the
mechanisms of various diseases, such as diabetes and its complications (retinopathy and neuropathy),
neurological disorders (Parkinson’s and Alzheimer's diseases), atherosclerosis, hypertension,
nephropathy, rheumatoid arthritis, bone remodeling dysfunction, tumor growth, metastases, and other
degenerative diseases. The endogenous formation of AGEs increases when there is hyperglycemia
because there is more glucose to chemically react with the circulating products. The presence of AGEs
results in altered chemotaxis, angiogenesis, oxidative stress, cell proliferation and apoptosis [68].
Glycation can also occur in products that are cooked, i.e., fried, roasted, or microwaved, especially
during caramelization. The objective of these processes is to accentuate flavor and aroma. Acrylamide
and the heterocyclic amines formed in this process can interfere with cell transduction signaling or in the
expression of several genes, increasing oncological risk. Whether derived from endogenous or exogenous
pathways, AGEs bind to receptors, cause oxidative stress and promote inflammatory processes [68].
Advanced glycation end-products and advanced lipoxidation end-products (ALEs)
are found in large quantities in animal foods due to their high protein and fat
contents. The higher the intake of animal foods, the greater is the absorption of
these end-products [66].

The amount of AGEs or ALEs absorbed in the digestive tract is unclear, but studies estimate it to be
10% to 80%. Once absorbed, these end-products can biotransform, can be excreted or can accumulate in
various tissues. It is estimated that 30% of AGEs can be excreted in the urine of individuals with preserved
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renal function. The consumption of foods not subjected to high-temperature processes avoids the
ingestion of AGEs and ALEs [68].
Insulin production is an energy (ATP)-dependent process. The transport of glucose into the pancreas
(via GLUT-2, type 2 glucose transporter) promotes the production of ATP through the Krebs cycle in
mitochondria. In the presence of ATP, potassium channels close, and calcium channels open; thus, as a
second messenger, ATP causes insulin to be released into the bloodstream [69]. This is the process by
which the pancreas releases insulin when there is an increase in serum glucose. AGEs inhibit ATP
production in pancreatic beta cells and inhibit the release of insulin. The effect of this condition is
glycemic increase [70].
The plant kingdom contains natural agents that inhibit glycation, such as anthocyanins and ellagic
acid, which are present in fruits and vegetables. Active compounds are also found in green tea, garlic and
wine and include resveratrol, curcumin, cinnamic acid derivatives (such as ferulic acid) and caffeic acid
derived from mate tea. Reducing the consumption of AGEs can reduce the risk of diabetes, cardiovascular
complications and other glycation-related diseases [68].

1.7. Trimethylamine N-oxide (TMAO)
Another point that currently stands out is the growing number of studies on TMAO formation by
omnivorous gut microbiota. The box below summarizes the topic.

59

Figure 2.4. Formation of trimethylamine N-oxide (TMAO) and its consequences

Figure created by Professor Doctor Eric Slywitch

The formation of TMAO depends on several consecutive steps: substrate ingestion, metabolization by
the gut microbiota, absorption, and hepatic production of TMAO, with subsequent metabolic effects.

1) Substrate ingestion
The substrates ingested and used for the production of TMAO are carnitine, phosphatidylcholine
and choline, betaine, dimethylglycine and ergothioneine [71].
Ergothioneine is found in meat derivatives (liver and kidneys), some beans and mushrooms. The
major sources of phosphatidylcholine and, consequently, TMAO are eggs, liver, milk, meat (red and
poultry) and fish [71].
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Red meat is rich in carnitine (one of the main precursors of TMAO), while beef and other meats (such
as poultry), liver, fish and egg yolk are rich in choline. Choline is also present in supplements and
medications. Choline is less concentrated in the plant kingdom. Betaine is more present in plants [71].

2) Metabolization by the gut microbiota
The gut microbiota, through enzymes (trimethylamine-lyase, gamma-butyrobetaine, L-carnitine
dehydrogenase, carnitine oxidoreductase and ergothionase), converts these substrates into TMA
(trimethylamine). Meat consumption increases the proliferation of some species of Bacteroides,
Alistipes, Ruminococcus, Clostridia and Bilophila and reduces Bifidobacterium, optimizing TMA
production. The microbiome of vegetarians is different from that of omnivores, and the intake of
carnitine and choline by vegetarians and vegans tends to be lower. Because of this, vegetarians
have a reduced ability to produce TMA [71].

3) Absorption and hepatic production of TMAO
Approximately 95% of trimethylamine is converted by liver flavin monooxygenases (FMO1 and
FMO3) into TMAO, transported to tissues or excreted by the kidneys [71]. Vegetarians have much
lower serum levels of TMAO than do omnivores and produce significantly less TMAO after the
ingestion of carnitine [72]. The plasma concentration of TMAO is similar in vegans and ovo-lacto
vegetarians.
Eating two or more eggs per day is associated with high plasma and urine concentrations of TMAO
[71].

4) Metabolic effects of TMAO
TMAO exerts deleterious effects on human metabolism and is associated with increased
cardiovascular risk due to increased atherogenicity, heart failure, stroke, neurological disorders,
intestinal inflammation, chronic kidney disease and mortality from all causes. TMAO reduces
reverse cholesterol transport and deregulates proatherogenic scavenger receptors [72, 73]. An
elevated TMAO level is also associated with Alzheimer's disease [74], obesity [75] and mortality
from type 2 diabetes [76].
The results of a three-year follow-up study with 4,007 individuals subjected to elective coronary
angiography indicated that those who had an elevated TMAO level had a greater risk of adverse
cardiovascular events (risk of 2.54 for highest vs lowest TMAO level) [77].
A study that compared eight vegetarians (vegans and ovo-lacto vegetarians) with ten omnivores
showed that vegetarians have a lower plasma TMAO level. The presence of this substance in plasma
increases the incidence of thrombotic events by increasing platelet responsiveness to multiple
coagulation agonists because it increases the sensitization to calcium-dependent stimuli. After
supplementation with 450 mg of choline per day for two months, both vegetarians and omnivores
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exhibited increased TMAO levels; this increase was 10-fold in the vegetarian group and 14-fold in
the omnivore group, when compared to the baseline values (lower in vegetarians and higher in
omnivores). After using acetylsalicylic acid (81 mg/day) for one month with concomitant choline
supplementation, TMAO increased the platelet aggregation capacity in omnivores [78].
A systematic review and meta-analysis of 11 prospective cohort studies published in 2018 indicated
that an elevated TMAO level is associated with a 23% increase in cardiovascular events and a 55%
higher risk of death from all causes [79].
A systematic review and meta-analysis of 18 observational studies published in 2020 found a
possible association with an increased risk of hypertension and other cardiometabolic disorders in
adults. Individuals with the most elevated TMAO levels exhibited an 2.36 mmHg increase in systolic
blood pressure when compared with the systolic pressure in those with lower TMAO levels, in
addition to a reduction in the HDLc in apparently healthy individuals or with cardiovascular disease
[80].
Another systematic review and meta-analysis with a dose-response analysis published in 2020
showed a 12% increase in the risk of hypertension in individuals with higher serum TMAO levels
when evaluating eight studies with a total of 11,750 individuals and 6,176 cases of hypertension
[81].
The last systematic review and meta-analysis published toward the end of the preparation of this
guide, in 2021, supports the role of the plasma TMAO level as a predictor of cardiovascular events.
An elevated TMAO level may be a new cardiovascular risk factor potentially useful for personalized
planning as a strategy for the prevention of cardiovascular diseases [82].
The adoption of a Mediterranean diet, especially vegetarian, as well as increased consumption of
plant-based foods, modifies the gut microbiota and, consequently, reduces TMAO levels. On
average, 25% of plasma metabolites are different between vegetarians and nonvegetarians [46].

1.8. Action of heat on meat
The heating of red meat (meat from mammals) leads to the production of mutagenic substances that
contribute to an increased risk of colorectal cancer. In some forms of preparation, the concentration of
genotoxic agents can be altered by more than 100-fold. Table 2.1 explains each preparation [83, 84].
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Table 2.1. Products present or formed in meat during heating
Location where
Substance
Comments
found
N-nitrous
Cured* meats
Classified as group 1 mutagenic (carcinogenic). Their
compounds (NOCs)
level in cured meat can vary from less than 1 ppb (part
per billion) to more than 130 ppb. NOCs are activated
by cytochrome P450 2E1 in the gastrointestinal tract.
Their level in feces is ten times higher in omnivores
than in vegetarians.
Heterocyclic
Well-done meats, Formed when amino acids, sugars and creatine react at
aromatic amines
including chicken high temperature, and found in large quantities in
(HCAs)
meat cooked at high temperature.
Polycyclic aromatic
Smoked meats
Classified as group 1 mutagenic (carcinogenic). When
hydrocarbons
and meats
they drip, the fat and juice of the meat grilled directly
(PAHs)
cooked over an on an open fire creates a flame. This flame contains
open flame
PAHs, which adhere to the surface of the meat. They
are metabolized by cytochrome P450 and form
genotoxic compounds, such as N-hydroxylated
metabolites. PAHs are also present in tobacco and
appear to contribute to lung cancer. They are also
found in the smoke from vehicle exhaust.
Heme iron
Animal meats,
Catalyzes the nitrosation of endogenous secondary
especially red
amines and exerts a pro-oxidative effect by catalyzing
meat
lipid peroxidation in the gastrointestinal tract
*A meat preservation process achieved by adding salt, color fixing compounds
(nitrates and/or nitrites), sugar and/or spices [83].

The formation of HCAs and PAHs varies based on the type of meat, the cooking method, and the
cooking level (rare to well-done). Regardless of the type of cooked meat, the formation of HCAs and PAHs
is accentuated when the temperature is higher than 149 °C (300°F), and this occurs when grilling over an
open flame or when pan frying. Meats cooked for longer periods tend to form more HCAs. As an example,
well-done, grilled, or barbecued chicken and steak have high concentrations of HCAs. Cooking methods
that expose meat to smoke or carbonization contribute to the formation of PAHs [84].
The role of these meats in cancer has been widely studied; we will discuss it later in the section on
cancer.
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1.9. N-glycolylneuraminic acid (Neu5Gc)
In addition to the aforementioned compounds, N-glycolylneuraminic acid (Neu5Gc), which is
abundant in red meat, is also noteworthy. Neu5Gc is not biosynthesized by humans but is bioavailable in
ingested meat and is incorporated into human tissues, promoting the formation of anti-Neu5Gc
antibodies, which cause chronic inflammation and lead to the formation of reactive oxygen species. This
mechanism contributes to carcinogenesis and tumor progression [83].

1.10. Heme iron
Heme iron has several negative effects on metabolism, and we will present systematic reviews and
meta-analyses of this compound in the chapter on iron.

2. PESTICIDES
The use of pesticides in agriculture began in the 1920s, and at that historical moment, they were little
known from a toxicological standpoint. During World War II (1939–1945), pesticides were used as
chemical weapons, and subsequently, their production was increased [85].
In Brazil, in 1975, the National Development Plan (Plano Nacional de Desenvolvimento-PND),
responsible for opening the country to pesticide trade, instituted the inclusion of a defined pesticide quota
for each loan needed and required farmers to purchase pesticides with farm credit resources. This
requirement, added to manufacturers’ advertising, led to the increased and widespread use of pesticides
in Brazil [85].
In the context of human health, exposure to pesticides, at any level, is harmful and is associated with
various diseases, such as hypersensitivity, cancer, asthma, and hormonal disorders. It can also cause
congenital defects and low birth weight and lead to death [86]. Organochlorine pesticides also appear to
be associated with Parkinson’s disease [87].
In the food production process, plants use soil (including its nutrients, water, and microorganisms)
and solar energy for development. Animals obtain their nutrients and energy from plants, other animals,
or both. With population growth, polyculture was replaced by monoculture, and synthetic chemical
fertilizers and pesticides were introduced; the use of antibiotics, vitamins and minerals became the basis
of global livestock farming. Confined animal farming requires large-scale planting, usually in
monoculture, for animal feeding. In the United States, the production of 1 kg of meat requires 10 kg of
grains for animal feeding, more than 8,000 liters of water, approximately 8,000 kilojoules (1,910.7 kcal),
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150 g of fertilizers, 7 g of pesticides and 21 square meters of land. As animals spend much of their energy
for their own use, livestock is considered an inefficient form of resource use, with approximately 89%
biomass loss over the life of the animal, as explained in the “Threat to planetary health” chapter. The
resources needed for the production of 1 kg of kidney bean protein and 1 kg of beef protein is shown in
Table 2.2 [7].
Table 2.2. Resource requirements to produce 1 kg of protein from kidney beans or beef.
The production of 1 kg of beef protein compared to that of 1 kg of kidney bean
protein requires:
18× larger planting area
10× more water
12× more fertilizer
9× more fuel
10× more pesticide

Pesticides are used in the production of plant and animal foods. For plants, they are used to combat
and prevent the multiplication of insects, a condition favored by large-scale monoculture. For animals,
pesticides are used in the prevention and treatment of parasitic diseases. In addition, most crop
production is used as animal feed, and pesticides present in plants are consumed by animals. Animals are
primary or secondary consumers and due to their high body fat content, accumulate pesticide residues
throughout their lifetime. As the top of this food chain, when humans consume animal fat, they ingest
these xenobiotics in a concentrated form.
The use of pesticides was estimated at 3.5 million tons worldwide in 2020 [88].
The countries that used pesticides the most and their estimated consumption per kilogram per
inhabitant in the period from 2010 to 2014 are shown in Table 2.3. [86, 88].
Table 2.3. Pesticide use by country
Country
Japan
China
Mexico
Brazil
Germany
France
United Kingdom
United States
India

Pesticide use in kg/inhabitant
18.98
10.45
7.87
6.17
5.12
4.86
4.03
3.89
0.26
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These agents can remain active in the environment for long periods and affect the entire ecosystem,
represent a major risk to public health and require monitoring and surveillance of water, soil, food and air
[85].
Pesticides are classified as insecticides, herbicides and fungicides (Figure 2.5) [86].
Figure 2.5. Classification of pesticides

Figure created by Professor Doctor Eric Slywitch

The compounds widely used in crop and livestock farming belong to four distinct groups:
organophosphates, organochlorines, carbamates and pyrethroids. Their intake by humans occurs through
the consumption of animal and plant foods [85].
Organophosphates and carbamates are cholinesterase-inhibiting insecticides that cause
acetylcholine accumulation in nerve synapses. Carbamates are reversible and organophosphates are
irreversible inhibitors of cholinesterase, but in the context of intoxication, both have the same degree of
severity [85].
Organochlorines are widely used in crops and cattle to treat ectoparasites. These compounds are
extremely fat soluble and exhibit slow degradation and accumulation capacities in the environment (they
can remain in the soil for more than 30 years) and in living beings. Human contamination occurs directly
(by respiratory, cutaneous, or digestive pathways) or through the food chain. However, the main route
of contamination is the consumption of foods that contain high amounts of fat [85, 89]. The use of
organochlorines in countries such as Brazil is restricted to combating ants (Aldrin) and to public health
campaigns (DDT and BHC) [85].
A review study evaluated pesticide residues in cow milk from 1970 to 2002. According to the authors,
the presence of such residues may occur through the consumption of contaminated pastures and feed or
by ectoparasite treatment with pesticides, applied in noncompliance with good agricultural practices. The
study showed that although their use is prohibited in several countries, organochlorines are still detected
in milk, albeit in progressively smaller amounts across the years [90]. In almost all the countries studied,
contamination reached 100% of the samples at various times.
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Table 2.4 shows the results of studies conducted in several countries that monitored pesticide residues in
animal product samples (adapted from reference [85]).
Table 2.4. Pesticide residues animal product samples
Product of animal origin
Pesticide found
Samples with detected residues
Raw milk
Carbamates
93.8%
Organophosphates
Cheese
Organochlorines
100%
Pasteurized milk
Organochlorines
95%
Milk, cheese, butter and yogurt
Organochlorines
20.6%
Meat products under federal Organochlorines
96.9% in the raw material
inspection
97.7% in the processed product
Hot dog sausage
Organochlorines
Samples with a level below that
Polychlorinated
established by the law
biphenyls
Eggs
Organochlorines
28%
Chicken
20%
Beef
49%
Fish
Organochlorines
100%
Mollusks
Polychlorinated
Crustaceans
biphenyls

In Brazil, several studies have identified many contaminated watersheds. More than ten years after
the use of DDT was banned, contamination was still found in all broiler breeders in a region of Rio de
Janeiro, along with the contamination of eggs destined for human consumption [89].
A study conducted between 1993 and 1995 in Hong Kong to evaluate the level of organochlorines in
cow milk samples detected DDE and BHC at amounts that exceeded the maximum allowed by the Codex
Committee on Food Additives of the Food and Agriculture Organization of the United Nations (FAO), even
though China banned the use of these compounds in 1983, i.e., 10 years before the study [89].
An older study (published in 1983) evaluated breast milk samples from women who consumed a
lactovegetarian diet (18 samples), an omnivorous mixed diet (20 samples) and a diet containing Baltic
fatty fish (11 samples). The lowest levels of the various evaluated pesticides were found in the
lactovegetarian group, whereas the highest were found in women who ate fatty fish [91].
In 1998, a study conducted in India (Punjab) evaluated food samples collected in markets every three
months for a period of one year. The results showed contamination by DDT and BHC higher than that
reported in industrialized countries. Fatty foods (milk and its derivatives, oils and fats, meats, eggs and
cheeses) were responsible for 85% of the total DDT ingested, while BHC was found to be more
distributed among the various analyzed foods [92].
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The highest human contamination by organochlorines comes from the consumption
of meat and animal-derived products [93, 94].
Another study evaluated the pesticide residues ingested by the general population of France in groups
of omnivores, lactovegetarians, ovo-lacto vegetarians, pesco-lacto vegetarians and vegans. The maximum
daily theoretical intake, based on the maximum residual level, was calculated as a percentage of the
acceptable daily intake. Among the 421 pesticides studied, 48 were at a level above the acceptable level
for at least one of the groups. Meat and eggs were the foods most responsible for the high ingestion of
organochlorines, which, for Aldrin, reached 348% of the acceptable daily intake in the general population
compared to 146% to 183% in the vegetarian group. The vegetarian diet left its practitioners more
exposed to other pesticides [95].
A 2016 study from Israel evaluated the intake of pesticides (organophosphates and carbamates) in
vegetarian and vegan diets in which foods produced in an organic or conventional system were
consumed. The data were compared with the results of the Israel Biomonitoring Study (IBS). The
evaluation was performed by identifying the urinary concentration of pesticide residues in 42 participants
from a vegetarian community (Amirim), and 24-h recall dietary data were requested from the participants.
Vegetarians exhibited higher urinary levels of pesticide residues than the previously evaluated
population. Vegetarians whose diet consisted of more than 25% of organic products had significantly
fewer pesticides measured in the urine. The authors concluded that the consumption of organic foods
may offer some protection against increased exposure to organophosphate pesticides in vegetarians
[96].
A study published in 2021 evaluated exposure to 25 pesticide residues in different diets, including
omnivorous (n = 33,018), pesco-vegetarian (n = 555), ovo-lacto vegetarian (n = 501) and vegan (n = 368),
that included organic or conventional plant-based foods. The evaluation was performed using the foods
consumed. Two scenarios were evaluated: 100% conventional foods or 100% organic foods. The highest
exposure found was to imazalil, a fungicide. In general, vegetarians were the least exposed to the
pesticides studied. The consumption of products from conventional agriculture led to greater exposure
to pesticides. The authors concluded that despite the high consumption of vegetables, vegetarians were
less exposed to synthetic pesticides than were omnivores due to the greater propensity to consume
organic products [97].
The IVU recommends the consumption of foods from organic production.
In the absence of access to organic products, fruits, vegetables, and other plant foods
should not be excluded from the diet because studies are consistent in showing
positive effects on human health, even when these products are not derived from
organic production.
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3. CHRONIC NONCOMMUNICABLE DISEASES
Because this guide is focused on nutrition, we do not intend to delve into each disease in detail, but
we want to provide an overview of the research on the subject. We will divide this chapter into systematic
reviews/meta-analyses and controlled studies.
Although systematic reviews and meta-analyses are considered studies with the highest level of evidence
from the scientific point of view, it is worth remembering that the origin and quality of the studies included in
these analyses make a difference in the final conclusions of these publications. In the context of a vegetarian
diet, some points should be noted regarding the conclusions drawn from these studies.
1) The term “vegetarian diet,” be it of any type, does not indicate what individuals eat but rather
what they do not eat. Thus, when a review evaluates “vegetarians,” it often compares between
eating or not eating meat, eggs, and dairy products in the case of vegans, without knowing
whether the consumption of plant foods falls within a good standard of quality and quantity. The
same occurs with the term “omnivore.” Thus, when a study is population-based and/or
observational, the tendency is to draw conclusions about the effect of the presence or absence of
meat, eggs, and dairy products on the outcome rather than on the intake of plant foods and plant
groups, unless these evaluations were conducted in the studies of origin.
2) A vegetarian diet, of any type, has no rules on the proportion of food groups nor restricts the
use of refined or processed foods. Thus, vegetarians with the same nomenclature (ovo-lacto,
lacto, ovo or vegan) may show a totally different consumption of all micro- and macronutrients.
The same is true for those who consume an omnivorous diet. Therefore, the evaluation of each
individual profile may lead to different health outcomes and different nutritional analysis results
regarding excess or deficiency.
3) The term plant-based technically refers to a vegan diet composed of natural and whole foods.
However, it does not impose rules regarding the percentage amount of macronutrients or food
groups consumed. Thus, this profile has great potential to distinguish between whole-food and
processed-food vegan diets but does not necessarily show the prevalence of each food group
consumed nor the amount of micronutrients or proportion of macronutrients consumed. This
dietary composition usually consists of low-fat intake, and some authors modify the plant-based
concept. Thus, depending on the analysis to be performed, the concept needs to be specified.
4) Considering the plant-based pattern, it is important to note the criteria used by different authors
in the studies, as it may vary, in the same way that we find individuals who eat fish frequently
being classified by some authors as vegetarians.
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5) From the standpoint of the clinical details of the interventions, when the objective is to evaluate
changes in parameters and outcomes between vegetarians and omnivores, the most reliable
comparison is that between a well-planned vegetarian diet and a well-planned omnivorous diet.

3.1. SYSTEMATIC REVIEWS AND META-ANALYSES
We have compiled the latest published meta-analyses for a more comprehensive overview of the
effects of diet on health. The studies are presented in chronological order of publication.
We chose not to report the p values and standard deviations (only the mean values), due to readers’
ease of access to all the articles presented and to make the text more fluid. When we presented
differences, all were based on p < 0.05.
In 2013, a meta-analysis of 12 clinical studies with a control group (omnivores) compared the plasma
triglyceride levels reported in 20 studies, totaling 1,300 individuals aged between 30 and 60 years. The
diet was effective in reducing the level of triglycerides (-1.28 mmol/L or 113.4 mg/dL). In eight developed
countries, the observed reduction was nonsignificant (-0.31 mmol/L or 27.5 mg/dL), but in four developing
countries, the reduction was quite significant (-4.06 mmol/L or 359.6 mg/dL). The authors concluded that
compared with an omnivorous diet, a vegetarian diet has health benefits, especially in developing
countries, and that the effect occurs after a vegetarian diet has been consumed for at least 6 months [98].
In 2014, a systematic review and meta-analysis evaluated the effect of a vegetarian diet and the risk
of cardiovascular mortality in Seventh-Day Adventists. Eight studies were included, totaling 183,321
participants. The authors concluded that there is a modest cardiovascular benefit in observational
studies; however, the results are unclear in relation to overall mortality with the adoption of the diet.
However, in all studies, Adventists had more protection. In this group, there was a 32% reduction in
overall mortality, 40% reduction in ischemic cardiovascular disease and 29% reduction in
cerebrovascular disease [99].
In 2015, a systematic review and meta-analysis of 11 randomized controlled trials showed that
vegetarian diets significantly reduced the concentrations of total cholesterol (-0.36 mmol/L or 13.9
mg/dL), LDLc (-0.34 mmol/L or 13.1 mg/dL), HDLc (-0.10 mmol/L or 3.9 mg/dL) and non-HDLc (-0.30
mmol/L or 11.6 mg/dL) but not the concentration of triglycerides. The authors concluded that vegetarian
diets effectively reduce cholesterol concentrations and can be used as a nonpharmacological option in
the management of dyslipidemia, especially hypercholesterolemia [100].
A systematic review and meta-analysis of intervention trials published in 2016 analyzed the effect of
a plant-based diet on the inflammatory profile associated with obesity. A total of 29 studies were
evaluated, totaling 2,689 participants. The adoption of a plant-based diet resulted in significant reductions
in the levels of C-reactive protein (CRP) (-0.55 mg/L), interleukin-6 (IL-6) (-0.25 ng/L) and, to a lesser
extent, soluble intercellular adhesion molecule-1 (-25.07 ng/mL). There was no change in the levels of
TNF-alpha, resistin, adiponectin or leptin. The authors concluded that a plant-based diet is associated with
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improvements in obesity-related inflammatory profiles and may provide means for the prevention of
chronic diseases [101].
In 2017, a systematic review and meta-analysis of cohort studies evaluated the effect of eating a
vegetarian diet on breast, colorectal and prostate cancer. Nine studies were conducted in six cohorts,
with a total of 686,629 individuals, with 3,441 cases of breast cancer, 4,065 cases of colorectal cancer and
1,935 cases of prostate cancer. None of these cancers were less prevalent in vegetarians, but a lower
risk of colorectal cancer was found in semivegetarians and pesco-vegetarians than in omnivores. The
authors concluded that the exclusion of any protein source from the diet is not associated with further
benefits to human health [102].
A systematic review and meta-analysis published in 2017 evaluated the effect of a plant-based diet
on the lipid profile. Thirty observational studies and 19 controlled trials were selected, totaling 1,484
individuals (mean age of 48.6 years), with at least four weeks of adherence to a vegetarian diet. The
vegetarian diet was significantly associated with lower total cholesterol (-29.2 and -12.5 mg/dL), LDLc (22.9 to -12.2 μg/dL) and HDLc (- 3.6 and -3.4 mg/dL) when comparing omnivores and vegetarians,
respectively, in the observational studies and controlled trials. The authors concluded that a plant-based
diet is associated with a reduction in LDLc and HDLc but not in triglycerides [103].
A systematic review and meta-analysis published in 2017 evaluated health outcomes (risk factors for
chronic diseases, risk of all-cause mortality, incidence of and mortality from cardiocerebrovascular
diseases, total cancer, and specific cancer subtype — colorectal, breast, prostate, and lung) with a
vegetarian diet (ovo-lacto and vegan). A total of 86 cross-sectional studies and 10 prospective cohorts
were included. The final result indicated a protective effect of the vegetarian diet with respect to the
incidence of and/or mortality from ischemic heart disease (25% reduction) and the incidence of total
cancer (15% reduction) [104].
Published in 2019, a meta-analysis evaluated the effect of a vegan diet by extracting data from 11
randomized controlled trials, totaling 983 participants. The results indicated nonsignificant differences in
the blood pressure of normotensive individuals. However, in individuals with systolic blood pressure
(SBP) > 130 mmHg, a vegan diet resulted in a significant decrease of 4.10 mmHg in SBP and of 4.01 mmHg
in diastolic blood pressure. According to the authors, the change in blood pressure induced by a vegan
diet without caloric restriction is comparable to those induced by dietary approaches recommended by
medical societies and portion-controlled diets [105].
Published in 2019, a systematic review and meta-analysis evaluated the effect of a vegan diet on
metabolic syndrome. A total of 71 studies (103,008 participants) from six randomized controlled trials,
two cohort studies and 63 cross-sectional studies were evaluated. The analysis did not find a lower
prevalence of metabolic syndrome in vegetarians. The results showed that when compared to omnivores,
vegetarians had significantly lower systolic (reduction of 4.18 mmHg) and diastolic (reduction of 3.03
mmHg) blood pressure, fasting blood glucose (reduction of 0.26 mmol/L or 4.7 mg/dL), waist
circumference (-1.63 cm) and HDLc (-0.05 mmol/L or 1.9 mg/dL). However, the authors considered that
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due to the heterogeneity of the studies, the results are uncertain and further controlled studies are
needed to evaluate the results [106].
A systematic review and meta-analysis of randomized controlled trials published in 2019 included
nine studies, totaling 664 participants, and evaluated the effect of vegetarian dietary patterns on
cardiometabolic risk factors in diabetic patients. The vegetarian diet was significantly more effective in
glycemic control, in LDLc and non-HDLc reductions and in weight loss (adipose tissue). The authors
suggest that further studies be conducted to improve confidence in the estimates [107].
In 2019, a systematic review and meta-analysis of prospective cohort studies evaluated the
cardiovascular risk of a vegetarian diet in individuals with and without diabetes. Seven prospective studies
were evaluated, totaling 197,737 patients and 8,430 events. The vegetarian dietary pattern was
associated with a reduction of 22% in the incidence of and 28% in the mortality from coronary heart
disease, but it was not associated with a reduction in mortality from stroke or from cardiovascular disease.
However, the authors questioned the quality of the studies [108].
A systematic review and meta-analysis published in 2019 evaluated the effect of a vegetarian diet on
inflammatory and immune biomarkers, i.e., CRP, tumor necrosis factor alpha, fibrinogen, natural killer
cells, leukocytes, lymphocytes, thrombocytes, interleukins, and immunoglobulins. Thirty observational
studies and 10 intervention studies were included in the evaluation. A vegetarian diet, compared to an
omnivore diet, was associated with significantly lower concentrations of CRP (-0.61 mg/L), fibrinogen (0.22 g/L) and total leukocytes (-0.62 x 103/μL). The authors suggest that future studies focus on largescale intervention studies comparing the differences in inflammation and immunological function
between vegetarian and omnivorous populations [109].
Another systematic review and meta-analysis published in 2020 was conducted to evaluate
inflammatory markers in ovo-lacto vegetarians and vegans, grouping the two together, without
specifying dietary quality. A total of 21 cross-sectional studies were included for analysis, and the levels
of CRP, IL-6, IL-18, IL-1 receptor antagonist, tumor necrosis factor alpha, E-selectin, intercellular adhesion
molecule-1, chemoattractant protein-1, adiponectin, omentin-1 and resistin in vegetarians were
compared to those in omnivores. Of all inflammatory biomarkers, only CRP was significantly lower in
vegetarians, with a reduction of 0.54 mg/L. This association was less pronounced in ovo-lacto vegetarians.
In patients with impaired kidney function, a vegetarian diet provided an even more significant reduction
in CRP, of 3.91 mg/L. According to the authors, despite the strong association between CRP levels and a
vegetarian diet, further studies are needed because most of the inflammatory biomarkers have been
investigated only in single studies thus far [110].
A systematic review and dose-response meta-analysis of prospective cohort studies published in
2020 evaluated the intake of total, animal and plant proteins and the risk of all-cause, cardiovascular,
and cancer mortality in individuals older than 18 years. A total of 32 studies were included in the review
and 31 in the meta-analysis, with follow-up periods ranging from 3.5 to 32 years and an evaluation of
113,039 deaths (16,429 due to cardiovascular disease and 22,303 due to cancer) among 715,128
participants. The intake of plant proteins was significantly associated with a lower risk of all-cause
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mortality (8% reduction) and cardiovascular mortality (12% reduction) but was unrelated to cancer
mortality. For each 3% increase in energy intake from plant proteins per day, there was a 5% lower risk
of death from all causes [111].
In 2020, a rapid review and meta-analysis of cohort and case-control studies evaluated the impact of
plant-based dietary patterns on cancer-related outcomes. Overall cancer mortality, cancer-specific
mortality and cancer recurrence were the considered outcomes. A total of 26 studies that evaluated
cancer outcomes and pre/postdiagnosis diets were selected, of which five investigated vegetarian diets,
two investigated provegetarian diets, 13 investigated the Mediterranean diet and six evaluated cancer
outcomes and postdiagnosis diets. The few studies available on vegetarian diets failed to show its
potential preventive effect against overall cancer mortality when compared to a nonvegetarian diet. The
few studies on provegetarian diets did not provide sufficient data for conclusions. The association
between adherence to a Mediterranean diet and overall cancer mortality reached statistical significance,
showing a reduction of 16% in the latter. The review points to a lack of studies on well-defined plantbased diets and notes that more research is needed to determine the effect of plant-based diets on cancer
prevention and treatment so that dietary guidelines for cancer survivors can be defined [112].
A comprehensive review of the available systematic reviews and meta-analyses on
the association between health outcomes of vegetarian diets was published in 2020.
The review identified 20 meta-analyses of observational and intervention studies with
34 health outcomes, and 80% of the meta-analyses were classified as moderate to
high quality. Compared with omnivorous diets, vegetarian diets resulted in
significantly lower LDLc (-0.467 mmol/L or -18.1 mg/dL) and HDLc (-0.082 mmol/L or
-3.12 mg/dL) levels and were associated with an 11% reduced risk of negative health
outcomes. Among vegetarians, Seventh-Day Adventists had the best results in terms
of health protection, with a 28% risk reduction. Conversely, vegetarians exhibited
worse outcomes regarding one-carbon metabolism, which is the pathway associated
with homocysteine metabolism, which was higher due to the lower level of vitamin
B12. The authors concluded that a vegetarian diet is associated with a positive effect
on the lipid profile and a reduction in the risk of negative health outcomes, such as
diabetes, cardiovascular disease and cancer risk, and that vitamin B12
supplementation should be investigated [113].
In 2021, a systematic review and meta-analysis of cohort studies evaluated the association between
risk of disease mortality and adherence to plant-based diets in the general population. Twelve
prospective cohort studies with 42,697 deaths among 508,861 participants were evaluated. The plantbased profile included individuals who ate fish and were provegetarian; individuals with a true
vegetarian profile had the lowest risk of cardiovascular mortality [114].
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3.2. CONTROLLED STUDIES
As mentioned earlier, in terms of comparing the effects of vegetarian diets with omnivore diets, the most
reliable comparison is made using a well-planned vegetarian diet and a well-planned omnivorous diet.
There are studies in the literature with this approach, and we describe some of them, in addition to
delving deeper into some important aspects for each listed disease.

3.2.1. Diabetes
The effect of a vegan diet on glycemic control is well known.
A controlled study recruited 99 omnivorous individuals with type 2 diabetes and randomly allocated
them to be followed up for 22 weeks, without practicing physical activity. Of these, 50 followed the
omnivorous diet recommended by the American Diabetes Association (with caloric intake composed of
60–70% carbohydrates, 15–20% protein and 10–25% fat, with <7% saturated fat), and 49 followed a vegan
diet with a low-fat content (75% carbohydrates, 15% protein and less than 15% fats). Only the vegetarian
group could eat at will, without an amount restriction. At the end of the 22 weeks, both groups had
positive outcomes, but the outcomes were significantly better in the vegan group. Comparatively, 43% of
the individuals in the vegan group and 23% in the omnivore group were able to reduce the dose of drugs
used. In individuals who maintained the use of drugs for glycemic control, glycated hemoglobin decreased
by 1.23% in the vegan group and by 0.56% in the omnivore group, and weight decreased by 6.5 kg and
3.1 kg in the groups, respectively, contributing to the greater glycemic reduction in the vegan group. The
LDLc levels in individuals who did not use oral lipid-lowering drugs decreased by 21.2 mg/dL and 10.7
mg/dL in the vegan and omnivorous groups, respectively. In addition, microalbuminuria was also more
significantly reduced in the vegan group. The authors concluded that the diets benefited the diabetic
patients but that the vegan diet provided better results [115].
With this same dietary profile model, but with 74 weeks (approximately one and a half years) of
follow-up, the parameters were maintained, and the vegan group had better maintenance of their blood
glucose level and lipid profile [116].
A 2011 study also stands out for its design and degree of control. The study was conducted in the
Czech Republic and recruited 72 omnivorous individuals with type 2 diabetes (with overweight or
obesity, without use of insulin, only oral hypoglycemic agents) to be followed up for 24 weeks. The
participants were randomly allocated to follow one of two diets: vegan without fat reduction and
omnivorous. The aim of the study was to evaluate insulin sensitivity. The vegan diet was structured with
60% of kilocalories as carbohydrates, 15% as protein and 25% as fat. The omnivorous diet was structured
based on the recommendations of the European Association for Diabetes Studies, with a profile of 50%
carbohydrates, 20% protein and up to 30% fat (<7% saturated fat). The diets were isocaloric, with a
restriction of 500-kcal after individual indirect calorimetry. All meals were provided to the participants.
Visceral fat was measured by nuclear magnetic resonance imaging, and oxidative stress was measured
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by the thiobarbituric acid reaction. Twelve weeks after the dietary change, physical activity was initiated,
but only after undergoing a spiroergometric test. The activity was intended to be performed at 60% of
the maximal heart rate, twice a week for 1 hour with professional supervision and once a week without
supervision, maintaining the same intensity. Insulin sensitivity was evaluated by hyperinsulinemicisoglycemic clamp measured in the final 20 minutes of the three hours of examination after correction
for changes in glucose pool size. The results of the intervention are shown in Table 2.5.
Table 2.5. Results of dietary interventions with well-planned vegan and omnivorous diets
Variable
Vegan group
Omnivorous group
Statistical
(n = 36)
(n = 36)
analysis
Reduced use of drugs for type 2
-43%
-5%
P < 0.001
diabetes
Weight loss
-6.2 kg
-3.2 kg
P = 0.001
Improved insulin sensitivity
+30%
+20%
P = 0.04
Glycated hemoglobin
Similar reduction
Similar reduction
Not significant
Glycated hemoglobin in patients
-0.9%
-0.2%
P = 0.08
who maintained the use of oral
hypoglycemic agents
Waist circumference
-8.3 cm
-5.3 cm
P = 0.001
Subcutaneous visceral fat
Reduced with diet Reduced with diet, similar
P = 0.007
and another 4%
to that of the vegetarian
with physical
group; did not change
activity
with physical activity
Adiponectin
+19%
No change
P = 0.02
Resistin
Decreased 19%
Increased 24% after start
P = 0.05
after initiation of
of physical activity
the diet (even
without physical
activity)
Leptin
Decreased 35%
Decreased after initiation
P = 0.02
throughout the
of the diet but increased
study
with the start of physical
activity
Vitamin C
+16%
No change
P = 0.02
Superoxide dismutase
+49%
-30%
P < 0.001
Glutathione
+27%
-11%
P = 0.02
Quality of life
More significant
Less significant
P = 0.01
improvement
improvement
According to the authors, the vegan diet had a greater ability to improve insulin sensitivity. The
reduction in visceral fat was an important factor that led to this improvement. The number of participants
was not large enough to show a superior effect of the vegan diet on the reduction in glycated hemoglobin,

75

as observed in other studies. A possible explanation for the less positive findings in the control group
(omnivorous diet) included lower adherence to physical activity and portion size restrictions, which
caused more hunger, even during exercise [117].
Our focus, as stated above, is to address nutritional aspects of vegetarian diets; therefore, we will not
perform an in-depth analysis of diseases by describing all studies here. There are approximately ten
published studies that make this comparison between diets, and more positive outcomes associated with
vegan diets are reported in all of them.
Due to the quality of what has already been published in this area, the Consensus Statement by the
American Association of Clinical Endocrinologists and American College of Endocrinology on the type 2
diabetes management algorithm, published in January 2020, recommends that nutrition for these
patients should allow maintenance of their optimal weight, caloric reduction (in case of excess weight)
and a plant-based diet with a predominance of polyunsaturated and monounsaturated fatty acids [118].

3.2.2. Cardiovascular diseases
Studies reporting the cardiovascular health of vegetarians have been published for many decades.
In addition to lower serum cholesterol levels in vegetarians, there is less lipid peroxidation secondary
to a better antioxidant status [49, 119-126]. Vegans have a lower cholesterol level than do ovo-lacto
vegetarians [127, 128].
In 1990, a study reported the remarkable results of an intervention with a plant-based diet in patients
with coronary disease. The study was controlled, prospective and randomized and followed 28
individuals for one year to determine to what extent the intervention program affected coronary
atherosclerosis in the period. The control group consisted of 20 individuals who followed the usual care
recommended for heart disease patients. The intervention program, in addition to smoking cessation,
stress management training and moderate physical activity, consumed a plant-based diet consisting of
fruits, vegetables, whole grains, legumes and soybean products, without caloric restriction. No animal
products were allowed, except egg whites and one cup of skim milk or yogurt per day. The final
composition of the diet consisted of 70% to 75% predominantly complex carbohydrates, 15% to 20%
protein and 19% fat (polyunsaturated/saturated fat ratio greater than 1). Cholesterol intake was limited
to 5 mg/day or less. Sodium was restricted only in hypertensive patients. Coffee was eliminated, and
alcohol was restricted to a maximum of two units per day. The diet was nutritionally adequate, and B 12
was provided as a supplement. These individuals did not use any serum lipid-lowering drugs. A total of
195 coronary lesions were analyzed by angiography. The mean percent diameter stenosis regressed from
40% to 37.8% in the experimental group (plant-based diet) and progressed from 42.7% to 46.1% in the
control group (omnivorous diet). When only lesions greater than 50% stenosed were analyzed, the mean
regression was 61.1% to 55.8% in the experimental group, and there was progression in the control
group, from 61.7% to 64.4%. Overall, 82% of patients in the experimental group had a mean change
toward stenosis regression. The individuals with the highest adherence to the intervention had the
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highest percent diameter stenosis regression. The authors concluded that the applied lifestyle
interventions caused atherosclerosis to regress after one year, even in patients with severe coronary
disease, without the use of lipid-lowering drugs [129].
In 1998, the same authors published another study showing the effect of this intervention at five
years of follow-up, again with the individuals in the intervention group not using lipid-lowering drugs. The
randomized controlled trial followed 48 patients with moderate-to-severe coronary heart disease,
allocated to follow a plant-based diet (intervention group) or a healthy omnivorous diet and usual care
(control group). The individuals were evaluated by coronary arteriography. The difference in the final
outcome was significant between the two groups. In the experimental group, the mean percent diameter
stenosis at the beginning of the study decreased by 1.75 percentage points after one year (4.5%
improvement) and by 3.1 percentage points after five years (7.9% improvement). In contrast, the mean
percent diameter stenosis in the control group increased by 2.3 percentage points after one year (5.4%
progression) and by 11.8 percentage points after five years (27.7% progression). Over the five-year
period, there were 25 cardiac events in the experimental group and 45 in the control group. The authors
concluded that there was greater regression of coronary atherosclerosis after five years than after one
year of follow-up in the intervention group. In contrast, atherosclerosis continued to progress in the
control group [130].
A study published in 2009 reviewed 27 randomized controlled trials and observational studies and
showed that a vegan or vegetarian diet combined with nuts, soybean and/or fiber led to a reduction in
the LDLc of greater than 35%. Interventions that contained a small amount of lean meat led to a less
pronounced reduction in total cholesterol and LDLc levels. The authors concluded that plant-based
dietary interventions are effective in reducing cholesterol levels [131].
Among intervention studies, one randomly allocated 100 individuals with coronary artery disease to
follow an omnivorous diet recommended by the American Heart Association or a vegan diet. The objective
was to evaluate the level of high‐sensitivity CRP (hsCRP). After eight weeks, the hsCRP level in the vegan
group decreased 32% more than that in the omnivorous group [132].
The diets recommended by the American College of Cardiology and American Heart Association are
the DASH (Dietary Approaches to Stop Hypertension) diet, Mediterranean diet and plant-based diet [133].
The common element of all these diets is more abundant consumption of whole plant foods and a
reduction in dietary fat.

3.2.3. Cancer
The evaluation of the effect of diet on cancer is complex because different cancer types have different
promoting factors and evolutionary patterns.
From the prevention standpoint, based on scientific evidence for each cancer type, it is important to
apply precautionary principles. These include the behaviors described in Table 2.6 (taken from [134]).
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Table 2.6. Precautionary principles in cancer prevention
Limit or avoid dairy products to reduce the risk of prostate cancer.
Limit or avoid alcohol to reduce the risk of cancers of the mouth, pharynx, larynx,
esophagus, colon, rectum, and breast.
Avoid red and processed meats to reduce the risk of cancers of the colon and rectum.
Avoid grilled, fried and broiled meats to reduce the risk of cancers of the colon,
rectum, breast, prostate, kidneys, and pancreas.
Consume soy products during adolescence to reduce the risk of breast cancer in
adulthood and reduce the risk of recurrence and mortality for women previously
treated for breast cancer.
Consume fruits and vegetables to reduce the risk of several common forms of cancer.
The consumption of plant-based foods has a protective effect in cancer prevention [135], and for
plant-based foods to represent a higher proportion in meals, there must be a simultaneous reduction in
animal product consumption.
On October 26, 2015, the International Agency for Research on Cancer, a sector of the World Health
Organization, had 22 experts evaluate more than 800 studies that investigated the carcinogenic effect of
processed and unprocessed meat consumption. Processed meat (meat subjected to salting, curing,
fermentation, smoking and other processes to enhance flavor or improve preservation) was classified as
Group 1, i.e., there is sufficient evidence to classify it as carcinogenic to humans. For every 50 g of
processed meat consumed daily, the risk of colorectal cancer increases by 18%. Unprocessed red meat
(defined as unprocessed mammalian meat, including beef, veal, pork, lamb, mutton, horse and goat) was
classified as Group 2A (probably carcinogenic to humans) [136].
To illustrate the research on this subject in controlled trials, which is the focus of this part of the chapter,
we will focus on prostate and breast cancer, the most common cancers in men and women, respectively. We
begin with a brief review of these studies, followed by studies that applied a plant-based diet.
The consumption of milk and dairy products was the target of a systematic review and meta-analysis
of cohort studies published in 2015, and the results showed a positive relationship between the
consumption of these products and prostate cancer; notably, this association is not observed with
calcium in the form of supplements. This review included 32 studies. The increased risk is 7% per 400 g of
dairy products consumed per day, 3% per 200 g of milk consumed per day, 6% per 200 g of skimmed milk
consumed per day and 9% per 50 g of cheese consumed per day [137].
In 2016, a meta-analysis of 11 cohort studies evaluated the relationship between dairy consumption and
cancer mortality and concluded that the total intake of these products has no significant impact on increased
mortality from all types of cancer but that the intake of whole milk by men contributed significantly to the
high risk of mortality from prostate cancer. In addition, there is a linear dose-response relationship between
whole milk consumption and an increased risk of mortality from prostate cancer [138].
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In 2019, a literature review of dairy products and their impact on the promotion of prostate cancer
concluded that it is possible to establish a relationship between the consumption of dairy products and
the progression of prostate cancer. A possible association with the onset of prostate cancer was also
found. The authors concluded that dairy product intake by men should be reduced or minimized [139].

3.2.3.1. Prostate cancer
A controlled study was conducted in 2005 with individuals with prostate cancer. The patients recruited
had refused to undergo conventional treatment, which made it possible to randomize the groups without the
bias of surgical interventions, androgen deprivation therapy or radiotherapy. A total of 93 volunteers with
serum prostate specific antigen (PSA) levels between 4 and 10 ng/mL and Gleason cancer scores less than 7
(i.e., medium and low-grade tumors) were recruited, randomized and followed up for one year. A total of 44
individuals were included in the experimental group, and 49 were included in the control group. In addition to
lifestyle changes, the experimental group adopted a vegan diet that included one tofu portion and 58 g of soy
milk and supplementation with 400 IU of vitamin E, 200 μg of selenium, 2 g of vitamin C and 3 g of fish oil. The
diet of this group contained up to 10% of kilocalories as fat, and whole foods were eaten; therefore, it was a
plant-based diet. The control group was instructed to follow the diet recommended by the health
professionals who treated them. In the experimental group, none of the patients underwent treatment
because there was no increase in PSA or disease progression based on MRI, but treatment was necessary for
six patients in the control group. The PSA level decreased significantly by 4% in the intervention group and
increased significantly, i.e., 6%, in the control group. The growth of prostate cancer (LNCaP) cells was
significantly inhibited almost eight times more in the control group than in the experimental group (70%
versus 9%, respectively). As the PSA level increased and LNCaP cell growth significantly decreased in the
control group, the authors concluded that the proposed lifestyle, which included a plant-based diet, may affect
the progression of low-grade prostate cancer in men [140].
An intervention study published in 2006 with patients with recurrent prostate cancer implemented a sixmonth plant-based dietary intervention. The patients were asymptomatic, had not undergone previous
hormonal treatment and had increased PSA levels as the first manifestation after surgery or radiotherapy. The
control was each patient himself. The plant-based diet intervention was implemented by encouraging the
consumption of plant-based and whole foods and avoiding the consumption of foods of animal origin and
refined cereals. Ten individuals were included. Of those, four had an absolute reduction in PSA level across
the six months. Nine of the ten individuals exhibited a reduction in the rate that PSA increased and an
improvement in PSA level doubling time. The mean PSA doubling time increased from 11.9 months
(preintervention) to 112.3 months (postintervention). In the periods with greater adherence to the diet, with
greater consumption of whole foods, there was a greater reduction in the rate that PSA increased. The authors
concluded that a plant-based diet can be adopted and maintained for several months in patients with
recurrent prostate cancer and that this intervention has therapeutic potential for these patients [141].
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3.2.3.2. Breast cancer
Regarding breast cancer, there is still controversial evidence among some studies regarding the effect
of dairy consumption. However, in the context of the treatment of estrogen-dependent breast cancer,
there are important considerations to be made.
Approximately 60% to 70% of the total animal-derived estrogen present in the human diet comes from the
consumption of milk and dairy products. Cows produce milk up to 220 days of gestation, a period in which the
increase in estrogen is 33 times the normal value. The free estrogen (estradiol) content in milk ranges from 1.0
to 2.4 pg/mL, and the serum estradiol found in women ranges from 2.0 to 266 pg/mL [142]. The amount of
active estrogen absorbed via dairy consumption is uncertain. From the perspective of estrogen-dependent
breast cancer, in which it is sought to reduce the amount of circulating estrogen, either by reducing ovarian
production or inhibiting aromatase (reducing the conversion of testosterone into estrogen) or by blocking its
receptor, milk consumption should be restricted until there are more studies on its safety.
In the context of breast cancer treatment, a critical review was published in 2017, providing guidelines
for this condition. For animal products (meat, eggs, and low-fat dairy products), the recommendation is
to restrict their consumption to once or twice a week [143].
A narrative review published in 2018 on advising women undergoing breast cancer treatment states
that the evidence suggests following a plant-based diet for general health as a whole after diagnosis. In
addition, as 35% of deaths in women with breast cancer result from cardiovascular disease, this approach
has a protective effect [144].
In 2021, a case-control study was conducted with Iranian women with breast cancer (350 newly
diagnosed women matched with 700 apparently healthy women (control group)). The association of the
overall plant-based diet index with breast cancer was evaluated, with one group classified as following a
healthy vegetarian diet and the other an unhealthy diet. After controlling for confounding factors, the
participants with the best dietary pattern showed a 67% lower probability of breast cancer than those
who had the worst dietary pattern. Women who had the worst dietary pattern were 2.23 times more
likely to have breast cancer. Higher adherence to a healthy plant-based dietary pattern was inversely
associated with breast cancer risk, while worse dietary patterns resulted in the highest risk [145].

3.2.4. Obesity
The results of population studies generally indicate that vegetarians, compared with omnivores, have
a lower BMI throughout life [146-151]. An example of this finding is reported in the European Prospective
Investigation into Cancer and Nutrition (EPIC-Oxford), in which 65,429 men and women aged 20 to 97
were evaluated, of whom 33,883 were omnivores, 10,110 were fish eaters, 18,840 were ovo-lacto
vegetarians and 2,596 were vegan. The results showed that throughout life, both vegan men and women
had a lower BMI (within normal weight) than omnivores (who were overweight in part of their lives). Ovolacto vegetarians and semivegetarians maintained an intermediate BMI between the two groups [146].
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However, body weight reacts to the energy intake and expenditure of the individual, and dietary
choices make a difference in the final caloric intake. A diet consisting of highly processed and low-fiber
foods may lead to a higher BMI than an omnivorous diet consisting of unprocessed and fiber-rich foods.
In addition, the increased consumption of industrialized products offered to the vegan public may
contribute to the intake of foods with higher caloric density and favor weight gain if their consumption is
not controlled.
Another factor to be considered is the caloric density of foods. With a caloric value of 4 kcal/g,
carbohydrates and protein have a lower caloric density than fat (9 kcal/g). In addition, foods rich in
carbohydrates, due to osmotic factors, have more added water, which makes them more voluminous.
Foods rich in fat, which is hydrophobic, do not contain significant amounts water.
Due to these characteristics, fruits, leafy vegetables, starchy vegetables, other vegetables, legumes,
and cereals are foods that require the intake of a larger volume to obtain more kilocalories. Conversely,
oils, nuts, meats, eggs and dairy products provide high amounts of energy at a lower volume.
Based on this principle, low-fat plant-based diets (including those excluding oils, avocado and nuts),
as designed in some studies, allow free caloric intake and lead to significant weight loss in individuals
with overweight or obesity, even when compared to calorie-restricted omnivorous diets [115, 152].
A randomized controlled trial evaluated the effect of plant-based diets without caloric restriction
on weight loss. The study followed adults with overweight and obesity randomized to a low-fat and lowglycemic index vegan (n = 12), vegetarian (n = 13), pesco-vegetarian (n = 13), semi-vegetarian (n = 13) or
omnivorous (n = 12) diet. At the end of the study, vegans exhibited more than twice the percentage
weight loss (7.5% weight loss) than the other groups. The authors concluded that a low-fat vegan diet
results in greater weight loss [153].
A 16-week randomized clinical trial evaluated the effect of a plant-based high-carbohydrate, low-fat
diet in overweight individuals. Of the 75 participants, 38 followed this plant-based diet, and 37 maintained
their usual diet. Body composition was evaluated by whole-body dual-energy X-ray absorptiometry
(DEXA). The intervention resulted in significant weight loss (-6.5 kg) and adipose tissue loss (-4.5 kg) with
the adoption of a plant-based high-carbohydrate, low-fat diet. In addition, there was a significant
reduction in insulin resistance [154].
Another study randomized 244 individuals with a BMI between 28 and 40 kg/m2 to follow a low-fat
plant-based diet (n = 122) or their usual diet (n = 122). The follow-up time was 16 weeks. In addition to
body composition measured by DEXA, the thermic effect of food was also measured, and in 44
participants, hepatocellular and intramyocellular lipids were quantified by proton magnetic resonance
spectroscopy. Weight loss was significant (-5.9 kg) and there were reductions in insulin resistance (-1.3
HOMA-IR units), hepatocellular lipids (-34.4%) and intramyocellular lipids (-10.4%) in the intervention
group. The thermic effect of food increased 14.1% in the intervention group. In the control group, there
was no change in any parameter. The authors concluded that a low-fat plant-based diet reduces body
weight by reducing energy intake and increasing postprandial metabolism. The change was associated
with reductions in hepatocellular and intramyocellular fat and increased insulin sensitivity [155].
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A randomized intervention study (CARDIVEG – Cardiovascular Prevention with a Vegetarian Diet)
evaluated the effect of a low-calorie ovo-lacto vegetarian diet versus a low-calorie Mediterranean diet on
weight loss and the cardiovascular risk profile. The study followed 118 individuals with a low-to-moderate
cardiovascular risk profile who consumed a ovo-lacto vegetarian or Mediterranean diet for three months and
then switched to the other diet. At the end, the two diets led to an effective reduction in body weight,
without significant differences between groups. However, the vegetarian diet was more effective in reducing
LDLc, while the Mediterranean diet was more effective in reducing triglycerides [156].
A 2020 randomized crossover trial evaluated changes in body weight and cardiometabolic risk factors
after the adoption of a low-fat vegan diet or a Mediterranean diet. The study followed 62 overweight
individuals who followed one of the two diets for 16 weeks. In addition to body weight and body
composition (analyzed by DEXA), plasma lipids, blood pressure, and glycemic control were measured.
After consuming the diet for 16 weeks, the subjects returned to their usual previous diet and maintained
it for 4 weeks and then began to follow the other diet (for 16 weeks). Weight loss was significant (6 kg)
with the vegan diet, but there was no weight loss with the Mediterranean diet. The HOMA-IR index for
participants consuming the vegan diet was significantly lower than that for participants consuming the
Mediterranean diet. Among participants with no medication changes, LDLc significantly decreased when
consuming the vegan diet and did not change when consuming the Mediterranean diet. Systolic and
diastolic blood pressure decreased more significantly when consuming the Mediterranean diet, with
decreases of 9.3 and 7.3 mmHg, respectively, with the Mediterranean diet and 3.4 and 4.1 mmHg,
respectively, with the vegan diet. The authors concluded that a low-fat vegan diet optimizes weight loss,
reduces serum lipids, and improves insulin sensitivity compared to baseline levels and more effectively
than the Mediterranean diet. Blood pressure decreased with both diets but more significantly with the
Mediterranean diet [157].
A vegetarian diet may lead to weight loss, weight maintenance or obesity. It all
depends on food preparation, lifestyle, and an individual’s metabolic composition.
Low-fat, high-carbohydrate vegan diets (consisting of whole foods), without calorie
restriction, favor weight loss due to the lower caloric density intake.

3.2.5 Anorexia nervosa
Given questions regarding eating disorders with the adoption of a vegetarian diet, we included this
topic in the chapter, even though it is not part of the evaluation of controlled studies.
Anorexia nervosa is a disease that has three essential characteristics: persistent restriction of caloric
intake; intense fear of gaining weight or persistent behavior that prevents weight gain; and disturbance
in perception of one’s own weight or shape. Its manifestation may involve only eating restrictions or binge
eating followed by purging (autoinduced vomiting or the use of laxatives, diuretics or enemas) [158].
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In 1987, a study evaluated 116 patients with anorexia nervosa and found discourse about
vegetarianism in 54.3%. In only 6.3% of the assessed cases was the adoption of vegetarianism made
before disease onset [159].
The greater concern with a healthy diet, which consequently brings health benefits, creates in some
researchers the erroneous idea that vegetarians have eating disorders. This conceptual error is seen in
studies in the peer reviewed literature [160, 161].
As meat is a caloric food with a high fat content, it is natural for individuals with anorexia nervosa, at
some point, to avoid it, as well as various other caloric foods (pasta, yellow cheeses, and sweets).
Vegetarianism is a consequence of choice in the disease and not a cause of it.
A study published in 2021 collected data on 124 patients (84.7% women with a mean age of 23.9
years) admitted to an intensive outpatient care program for patients with eating disorders. Of these
individuals, 58.1% were omnivores, 27.2% were meat-reducers, 20.2% were vegetarians and 4.0% were
vegans. Vegetarians had lower highest-ever BMI values than the others. The research data showed that
meat restriction does not imply greater eating disorder severity [162].
Health professionals caring for patients with an altered body image should be aware of discourse that
weight below adequate is achieved by adopting a vegetarian diet because this diet does not lead to
excessive thinness, except when there is nutritional errors or when consuming diseases or anorexia
nervosa is the primary cause [163].
Eating a vegetarian diet does not lead to anorexia nervosa, but people with this
condition can use discourse on the subject of vegetarianism to justify their low
weight and hide the disease from others.
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PART 3
SUPPLEMENTATION

There is no intensive animal farming without
intensive supplementation: omnivores are
more supplemented than vegetarians
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PART 3 — SUPPLEMENTATION
The omnivorous diet is more supplemented than vegan diet

Before delving into the research on the nutritional aspects of vegetarianism, it is important to know
what is behind the quantified nutritional value of meat, eggs, and dairy products.
The old idea of animal farming, in which animals only ate what was natural in the environment, is not
the reality of industrial production, which demands a high amount of pharmaceutical resources to ensure
the health of animals and to maximize their productivity.
In intensive animal production systems, currently responsible for the majority of animal products
available to the population, animals require not only basic feed inputs (such as soybean, corn and
sorghum, produced on a large scale) but also vitamin and mineral supplementation for adequate growth
and development. Figure 3.1 shows how industrial production systems house livestock.

Figure 3.1. Industrial animal production systems
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Figure created by Professor Doctor Eric Slywitch

Nutritional deficiencies in any living organism prevent the maintenance of full biochemical functions,
impacting the overall health of the organism. Under production conditions intended for human
consumption, animals are often exposed to extreme situations, such as confinement, thermal and
psychological stress, metabolic problems due to selection for accelerated growth and high productivity,
and borderline sanitary adequacy.
In this scenario, nutritional supplementation gains space [164] because, from the point of view of
animals as products, diseases, death or reduced productivity are synonymous with losses for the
producer. For example, genetic selection with a focus on accelerated growth and a high feed conversion
rate (i.e., use of feed for weight gain) has made the currently farmed chicken breeds extremely susceptible
to heat stress. This situation is aggravated by the high density of animals in rearing sheds, which makes
heat dissipation difficult. Heat stress is one of the greatest challenges in the industrial rearing of birds and
other animals and is responsible for large financial losses annually. In this context, the use of nutritional
supplements, such as chromium, zinc, selenium, betaine, vitamin C and vitamin E, is a common practice
in the livestock industry [165, 166].
Among minerals, the seven considered essential for industrial animal production are calcium,
phosphorus, magnesium, sulfur, sodium, chlorine and potassium [167]. However, as we will see, many
other nutrients are added to animal feed. This is a practice inherent to intensive production systems but
is also common in extensive pasture production systems. For example, it is reported worldwide [168] that
cattle are deficient in at least 17 important dietary minerals, including both macrominerals (calcium,
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magnesium, phosphorus, potassium, sodium, chlorine and sulfur) and microminerals (chromium, cobalt,
copper, iodine, iron, manganese, molybdenum, nickel, selenium and zinc) [169]. Thus, supplementation
for beef cattle, whether raised in pasture or in confinement, is one of the most important nutritional
practices in livestock farming because the negative impact of no supplementation on production is
enormous. During the wet season, forage plants exhibit higher growth rates, have higher protein content,
and have a more satisfactory nitrogen content. However, the same does not occur during the dry season;
during this period, supplementation gains even more importance [170]. In the confinement period for
fattening cattle, the supply of foods with vitamins, minerals and amino acids is common, including in
injectable form. The mineral supplements given to animals can be in powdered form, provided in troughs
freely accessed by animals, in liquid form, in blocks, in intraruminal boluses containing micronutrients and
in injectable form (amino acids, vitamin B12, choline, vitamins A, D, and E, copper, manganese, selenium
and zinc, for example) [169]. Producers give animals a multimixture containing phosphorus, urea salt,
sulfur powder, zinc sulfate, copper sulfate, cobalt sulfate (for vitamin B12 synthesis), common salt,
ground dried ear corn and cottonseed meal.
Another example is in ovo supplementation in the poultry industry. In ovo technology is defined as the direct
administration of food additives (amino acids, hormones, vitamins, minerals, prebiotics, probiotics, vaccines, and
nanoparticles) in solution to eggs during incubation. The objective of this technique is to provide these nutrients
directly to chicken embryos to ensure better posthatch growth and improve the immune response and
development of the gastrointestinal tract. In addition, this technique promotes muscle development, increases
breast meat yield, decreases embryonic mortality, and strengthens the immune system against infectious
pathogens. It can be performed manually or mechanically and aims to reduce the costs of animal losses and
diseases in the poultry industry and to maximize productivity. Using this technique, the suggested application of
B12, for example, is 20 μg per egg [171].
Nutritional supplementation of feeds with vitamins and minerals is common throughout the industry
(e.g., beef cattle, dairy cattle, sheep and goats, pigs and poultry) [172-175]. For aquatic animals, the use
of supplementation is no different, as the production of animals confined in aquatic farms is increasing.
For example, as is the case for terrestrial animals, infectious diseases are a major problem for aquaculture,
facilitated by environmental problems such as poor water quality and stress factors resulting from animal
handling, overcrowding and confinement. Prolonged exposure to stress is associated with depression of
the cellular and humoral immune systems, consequently reducing resistance to pathogens. Thus, the
fortification of fish feeds with vitamins and minerals is needed to reduce the health risks in intensive
farming and increase animal productivity [176].
To provide an overview of the practice of nutritional supplementation in animal production in Brazil,
for example, one of the largest global producers and exporters of animal protein, we present statistics on
the feed sector provided by the Brazilian Agribusiness Sector Newsletter. The amount of 2020 feed
production estimated in June 2020 is shown in Table 3.1 [177].
Table 3.1. Feed inputs provided to animals in 2020 in Brazil
Feed production in Brazil in 2020
41.2 million tons for poultry (the vast majority for broilers)
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18.6 million tons for pigs
11.8 million tons for cattle (more than half for dairy herds)
2.88 million tons for dogs and cats
0.594 million tons for horses
1.39 million tons for aquaculture (primarily fish)
79,829 tons of vitamins
100,354 tons of microminerals
35,068 tons of amino acids
25,777 tons of zootechnical additives (enzymes, performance enhancers, and pre- and probiotics)
68,558 tons of technological additives (preservatives, antioxidants and antifungals)
The document also provides the amount of supplements given to animals, ranging from vitamins,
minerals, amino acids, zootechnical additives (enzymes, performance enhancers, and pre- and probiotics)
to technological additives (preservatives, antioxidants and antifungals) and sensory and antifungal
additives, for the amount of feed produced.
Table 3.2. shows, in tons, the amount of supplement inputs for farmed animals (excluding dogs and
cats) in Brazil in 2020.

Table 3.2. Food supplement inputs for farmed animals in Brazil in 2020
Product
Amount (tons) Product
Amount (tons)
Limestone
1,553,009
Folic acid (98%)
125
Mono/dicalcium phosphate
1,463,233
Choline chloride
62,355
Salt
1,562,349
Iron sources
7,603
Calcium sulfate and
103,500
Cobalt sources
1158
carbonate
Urea salt
309,120
Copper sources
27249
Lysine HCL
132,330
Iodine sources
419
Methionine
124,914
Manganese sources
12,621
Vitamin A (1,000,000 UI/kg)
741
Zinc sources
30,195
Vitamin D (500,000 UI/kg)
458
Selenium sources
110
Vitamin E (50%)
6983
Magnesium sources
13,737
Vitamin K3
287
Threonine
27,525
Vitamin B12 (0.1%)
993
Tryptophan
5,143
Riboflavin B2 (80%)
466
Betaine
2,390
Thiamine (B1)
279
Enzymes
13,463
Pyridoxine (B6)
244
Pre- and probiotics
9,877
Biotin (2%)
617
Preservatives
36,282
Vitamin C (35%)
1472
Antioxidants
6,842
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Nicotinic acid
Pantothenic acid

2117
1058

Antifungals

16,489

The practices adopted in Brazilian livestock farming are representative of the global sector. For the
reader to learn more about the nutritional additives given to animals, we recommend accessing the feed
producers’ websites, which list the nutrients supplemented via meals, salt, or any other food base.
The following sections discuss some examples of supplementation in different contexts of animal
production, serving as a representation of the reality of the industry.

1. PROTEIN
The search for inexpensive protein sources is an important topic in livestock production because it
has a direct impact on animal growth and weight gain. In this context, urea is prominent due to its low
cost. It has been used in ruminants since 1914, with a historical emphasis on the food shortage during
World War I, which led Germany to intensify urea production to reduce the production costs of meat and
milk [178].
Due to its lower cost, urea is routinely used as a nitrogenated substitute for true protein in ruminant
diets. Urea cannot be considered a protein because it does not have the classic structure of amino acids
connected by peptide bonds, but it is the main substrate for rumen bacteria to increase their protein
production. Theoretically, the supply of 100 g of urea in the diet of a ruminant results in the production
of approximately 280 g of crude protein of microbial origin [178].
As urea has no mineral in its composition, diets with urea should be supplemented with a quality
mineral mixture, in particular sulfur, so that bacteria can produce sulfur-containing amino acids
(methionine, cysteine and cystine). A nitrogen:sulfur ratio of 10:1 to 15:1 is suggested [178].
To improve milk protein, the supply of amino acids is a widely used resource [179].
Birds also receive vitamins, minerals and amino acids supplemented in feed. For example, in laying
hens, protein supplementation translates into higher egg mass and yolk weight [180]. In the same way
that poultry confinement is the current reality, all animals in intensive farming systems (such as pigs, fish,
cattle, and goats) receive supplements.
To maximize the production of meat, milk and eggs with adequate nutritional
content, animals receive protein supplements or protein precursors. That is, the
production of animal protein for an omnivorous diet requires protein source
supplementation.
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2. VITAMIN B12
Meat is known as an important source of vitamin B12, but it is largely unknown that farmed animals
are often supplemented with vitamin B12.
Vitamin B12 is present in the feed of all farmed animals, either in the form of vitamin
B12 or in the form of cobalt, used in the microbial synthesis of the vitamin.
Thus, when reading feed labels, the presence of cobalt among the ingredients indicates vitamin B 12.
Generally, the raw material is cobalt sulfate or cobalt carbonate.
Notably, cobalt only meets needs of an animal when its microbiome is abundant and able to
synthesize B12, as in the case of ruminants. In Brazil, according to Embrapa (Brazilian Agricultural Research
Corporation), cobalt deficiency is severe and frequent, being one of the most important deficiencies
among grazing cattle in some areas. To circumvent this problem, the addition of cobalt salts to mineral
mixtures given to animals, cobalt boluses (which remain in the rumen-reticulum and gradually release the
element) or vitamin B12 injections are recommended [181]. Conversely, pigs, poultry and other
monogastric animals have a limited B12 production capacity via cobalt ingestion, and therefore, vitamin
B12 is added to feed in the form of cyanocobalamin [180].

3. CALCIUM
Milk and calcium
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Calcium supplementation is widely present in mixtures used for livestock. As an example of the extent
of calcium supplementation in lactating dairy cattle, one evaluated products (Big Cromo 90 Leite),
available in the Brazilian market, contains 190 g of calcium per kilogram of product (190,000 mg/kg) with
a recommended daily use of 100–150 g of product per animal [182], i.e., 19,000–28,500 mg of calcium
per day of product use. An adult human needs, on average, 1,000 mg of calcium per day. Thus, if it were
offered directly to humans in fortified products, this calcium would meet the daily demand of 19 to 28
people. In Brazil, the average production by a dairy cow is 2,000 liters/year (6.6 liters/day, considering ten
months of lactation per year) [183]. Thus, a cow that consumes 19,000–28,000 mg of calcium per day
generates, on average, 6,600 mg of calcium that can be provided to consumers but can meet the needs
of only 6.6 people per day. As a nutrient intermediary, enormous waste is generated because while a
cow meets the calcium needs of 6.6 adults, it would be possible to meet the calcium needs of 19 to 28
people if calcium were used directly in the fortification of plant-based beverages or foods.
Calcium in milk is guaranteed by giving animals a high dose of calcium supplement.
Animals fed corn and sorghum require calcium supplementation because these plants are poor in this
mineral [169]. Severe calcium deficiency reduces milk production and can cause tetany in animals. In
Brazil, calcium deficiency in cattle is less common. Even so, in studies with cattle fed diets rich in calcium
concentrates, the use of supplementation in amounts above the animal's need generated improvements
in weight gain and feed efficiency due to the buffering effect on acid radicals in the lumen, reducing
variations in pH at this site [184].

4. IODINE
Another important mineral in animal supplementation is iodine. Similar to what occurs with humans,
iodine deficiency leads to hypothyroidism, reductions in growth and the basal metabolic rate, reduced
fertility, miscarriages, retained placenta, the birth of weak or stillborn calves and goiter. Cattle raised on
pasture are more prone to iodine deficiency, and the use of potassium iodate is the best supplement
option because unstabilized potassium iodide is volatile [181]. The difference in iodine content in
extensive and intensive production occurs only in the amount of iodine supplemented.
In the industrial production of ruminants, the supply of iodine to animals is the main determinant of
the final content of the mineral available in milk for human consumption, and the mineral content in
milk can vary widely, from 12 to 1,000 μg/L [185-187]. Notably, the iodine requirement for a human adult
(excluding pregnant or breastfeeding women) is 150 μg/day.
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A systematic review and meta-analysis showed that the milk of cows raised in an organic
management system contains less iodine than that of animals raised in a conventional system [188]. The
supplementation of cows with iodine in conventional systems explains this finding.
In New Zealand, the iodine content found in pastures is approximately 0.24 mg/kg dry matter and is
considered adequate for the needs of dairy cows, generating <20 μg/L iodine in raw milk. Notably, the
final iodine content in milk under this condition is very low, and the product is not a good source of iodine
for human use [189]. Thus, iodine is supplemented in feeds in amounts beyond the animal’s need or
supplied via intramuscular injection in an oily vehicle [189, 190]. The use of three iodine injections at 100day intervals increases the iodine content of milk to 58 μg/L for at least 98 days after each “treatment.”
The use of two iodine injections at an interval of approximately 100 days increases the content of iodine
in milk to 160 μg/L and 211 μg/L at least 55 days after each injection, without changing the level of thyroid
hormones in the animals [189].
In addition to supply via supplementation, cleaning a cow's udder with an iodine wash influences
and almost triples the mineral content of milk offered to humans [191].
The European Food Safety Authority has proposed reducing the UL (upper limit of safe intake) for
lactating ruminants fed a diet of 5 mg/kg to 2 mg/kg (88% dry matter) to protect consumers from excessive
iodine intake resulting from animal supplementation [190]. In the United States, the law allows the use of
10 mg/day iodine supplementation (approximately 1 mg/kg of dry matter) [192].
Pigs seem to show less iodine accumulation, even when supplemented with a higher dose, resulting
in less concern that regulatory authorities will change the maximum dose allowed by law (in the European
Community) for use in pigs, which is 10,000 μg of iodine per kilogram of complete feed [193].
In chickens, an iodine dose of 5 mg/kg feed is safe for these animals, and 10 mg/kg is the maximum
allowed dose [194].
In eggs in Norway, the iodine content is 23–43 μg/100 g [186]. Supplementation with 10 parts per
million (ppm) increases the resistance of the vitelline membrane to Salmonella growth in egg cartons
stored at 30°C [195]. A study showed that supplementation with 6.5 ppm iodine in laying hens was the
best concentration in economic terms for the production of iodine-enriched eggs [196] and that iodine
supplementation in laying hens actually increases the iodine content in the eggs [197, 198], with
potassium iodide apparently being the best vehicle [199].
The iodine content in animal products depends on the content ingested by animals
via supplementation.
Countries with higher iodine content in water may produce animal milk with excessive iodine content [200].
Similar to calcium, the Big Cromo 90 Leite compound contains 80,000 μg of iodine per kilogram, and at the
recommended dose, the animal receives 8,000–12,000 μg of iodine per day. Considering the human
requirement of 150 μg/day, what an animal consumes per day would meet the needs of 53 to 80 humans.
Figure 3.2. Origin of milk iodine
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Figure created by Professor Doctor Eric Slywitch

5. OMEGA-3
Fish are well known as rich sources of omega-3 fatty acids. However, the omega-3 fatty acid content
in farmed fish is drastically lower than that in marine fish that eat algae rich in docosahexaenoic acid
(DHA). Fish fed diets not fortified with omega-3 fatty acids or DHA have a low concentration of these fatty
acids. For example, in a study conducted in Brazil that evaluated the content of fatty acids and cholesterol
in fish commonly consumed in the country, including farmed salmon, the omega-3 fatty acid content in
fish was quite low [201].
Thus, farmed fish, particularly marine fish, require feed supplemented with eicosapentaenoic acid
(EPA) and DHA fatty acids so that the final product has a nutritional content equivalent to that of wild
counterparts.
The industry seeks omega-3 fatty acid sources (such as genetically modified camelina plant and other
sources) to add to feed and increase the omega-3 fatty acid content in fish. For example, the use of 15%
linseed oil in the diet of rainbow trout increases the omega-3 fatty acid content but not the EPA or DHA

93

content in meat. In general, however, enriching the feed of farmed fish with plant-based sources of
omega-3 fatty acids increases costs and may render sales prices unfeasible, especially in low- and middleincome countries [202].
Thus, the fortification of fish feed with oil from other fish has been the solution often adopted because this
approach is more economically viable. According to the FAO, approximately 80% of all fish oil is consumed by
the aquaculture sector. Additionally, also according to the FAO, the aquaculture sector as a whole provides
206,000 tons of EPA + DHA on a global scale for human consumption but consumes a total of 210,000 tons
added to feed; that is, in practice, it provides the same amount that it consumes [203].
In the farming of small crustaceans (Artemia, Moina, copepods) and rotifers (a phylum of microscopic
aquatic animals) used as live fish food, a lipid emulsion (SuperSelco, DHA Selco, Selco S.presso)
containing EPA and DHA is often added in the formulation, in addition to other nutrients, such as vitamins
A and C, iodine, selenium and other trace minerals. The use of algae as a source of DHA instead of fish oil
to enrich the emulsions used to feed these small crustaceans or organisms is being studied [204].
Interestingly, when farmed fish or crustacean are fed live food, such as Artemia or rotifers, their feed
is often supplemented with fatty acids, vitamins, minerals and probiotics to adjust nutritional levels
[204]. The use of carotenoids as an additive in fish feed is another approach used to improve the
antioxidant status, growth and quality of fish eggs [205].
Thus, feeds that do not contain omega-3 fatty acids or DHA generate fish with a low concentration of
these fatty acids.
In fish farming, the presence of DHA will only be significant when the feed is
supplemented with DHA.
Figure 3.3. Origin of DHA in farmed fish
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6. FINAL CONSIDERATIONS
Nutritional additives (vitamins, minerals, probiotics, oligosaccharides, enzymes and organic acids) are
increasingly gaining ground in animal production, especially in intensive production, which uses intensive
animal supplementation to promote growth and productivity and ensure immunological improvements
[206] in environments often characterized by various types of stress.
Therefore, when studies in the field of health and nutrition show a lower intake of selenium, iodine
or any other nutrient in vegetarian populations compared to omnivorous populations, this reduced intake
is not due to characteristics of the vegetarian diet but rather from a comparison between an omnivorous
diet supplemented with these nutrients (without the consumer’s knowledge) and a diet without the
same supplementation. Scientific studies in the field of nutrition rarely take this into account and assume
that animals are sources of some nutrients, without considering that they are directly supplemented with
external sources of these nutrients.
Animals act as nutrient intermediaries and generate a resource waste chain because
most of the nutrients provided are discarded in nature (via urine and feces) or used
by intrinsic metabolic processes (such as bone formation).
The direct consumption of these nutrients by the human population would therefore be more
efficient. Another advantage of providing supplemented nutrients directly to humans is choosing the
vehicle for supplement delivery. As an example, after receiving a calcium supplement, cows supply
calcium with a significant amount of saturated fat and lactose through milk. If the desire is to intake
calcium without fat or lactose, the milk should be processed, as is currently done by the industry. By using
calcium directly in the preparation of a plant-based product, it can be added to a healthier matrix from a
nutritional point of view, such as a rice, oat or nut milk.
In the current reality in which there are eight billion humans and an annual slaughter of 80 billion
terrestrial animals (and an even greater number of aquatic animals), on a planet where land and input
scarcity is increasing, using animals as nutrient intermediaries that generate input waste is an
unsustainable practice.
The IVU believes that nutrients can be provided directly to humans, instead of
animals, in cases where plant-based diets do not meet nutritional requirements.
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Figure 3.4. shows the use of inputs in omnivorous and vegan diets.
Figure 3.4. Use of inputs in different diets

Figure created by Professor Doctor Eric Slywitch
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PART 4 — NUTRITIONAL ADEQUACY OF A
VEGETARIAN DIET
Hundreds of studies have directly or indirectly evaluated food and nutrient intake by vegetarians, in
comparison or not with intake by omnivores.
Among nutrients, only vitamin B12 is not found in plants or is found but with questions regarding its
bioactivity (as explained in the chapter on this vitamin). All other nutrients can be obtained by eating plant
foods. Specific adjustments can be made to the structure of both omnivorous and vegetarian diets, and
this work discusses their nutritional specificities and precautions.
Some studies make objectionable comparisons from the standpoint of scientific methodology to
understand whether vegetarian diets are safe. If a country chooses to compulsorily add vitamin D to dairy
products as a public health measure, vegans in that country will be excluded from this prophylactic
measure against vitamin D deficiency. Thus, it does not make sense to conduct a comparative study of the
vitamin D level of vegans and other populations in that country and conclude that vegans have lower
vitamin D levels, as they do not receive the supplemented nutrient, but others do. Iodine is another
example. In countries that do not adopt food fortification with iodine but supplement industrially farmed
animals (because this supplementation must be performed), omnivores will have a more adequate iodine
level than will vegans. The same is true for selenium; in a diet without selenium supplementation,
selenium intake depends on the content found in soil. However, animals are supplemented with selenium,
which increases the level of selenium in those who eat animal products.
Food fortification is a measure adopted by several countries. The most common form is salt
fortification, followed by wheat and corn flour. In a total of 195 countries, 86 enrich wheat flour with at
least two of the following nutrients: folate, iron, thiamine, riboflavin, niacin, vitamin A, vitamin B6, vitamin
B12 and zinc. In 19 countries, corn flour is also fortified [207].
The IVU recommends that public policies for nutrient fortification should always
involve the incorporation of nutrients into foods of mineral or plant origin, allowing
the inclusion of the vegan population in public health measures. The nutrient
fortification of animal products, such as milk, is socially exclusive.
In addition to the erroneous comparison between an omnivorous diet indirectly supplemented by
supplemented animals and an unsupplemented vegan diet, which generates unfavorable results
regarding vegan diets and limits a real view of nutrition, another error is notable, i.e., comparing
unguided vegetarian diets with any other guided diet. Many dietary errors can be made in any unplanned
diet, be it omnivorous or vegetarian.
In this regard, many medical and nutrition societies end up colluding with this scenario of nutritional
inadequacy when they focus guidelines on criticizing diets that exclude animals and their derivatives,
rather than teaching how to balance this type of diet.
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When many individuals become vegetarians, they seek more information about nutrients and end up
making healthier dietary changes. A systematic review published in 2019 on the dietary quality of
vegetarians and omnivores showed that in nine of the 12 studies, vegetarians made better choices in
terms of the quality of the food groups consumed, eating more fruits, vegetables and whole grains and
less sodium, while omnivores ate more refined cereals and total protein [208].
With the increase in the vegan population, industrialized and generally ultra-processed foods are
being marketed to this group. Studies show that ultra-processed foods are mainly sought by younger age
groups and by those who adopted a vegetarian/vegan diet more recently [209]. These products,
depending on the degree of processing, are often devoid of fiber, phytochemicals, and various nutrients
and contain added sugar, trans and saturated fats, preservatives, flavorings and dyes. It is natural for
individuals without dietary knowledge, who do not enjoy the taste of meat or dairy, or who are driven by
practical eating to opt for processed foods, which can have a positive impact on the environment and
reduce the pain and suffering of animals (an ethical reason that motivates many people to become
vegetarian). However, from a health standpoint, depending on their composition, industrially processed
foods can be harmful. Health professionals should guide diets so as not to encourage the consumption of
ultra-processed foods, even if they are vegan, as much as possible and feasible. When there is no option
for nonconsumption, the least processed foods should be chosen.
The IVU recommends that a vegetarian diet should be composed of natural and
whole foods, avoiding more industrially processed foods as much as possible.
This growing supply of ultra-processed industrialized foods places us in an unprecedented historical
context that makes it necessary to change the way we look at emerging scientific publications. The term
vegan, in the current historical moment, can refer to an individual who follows an exemplary diet or one
that is totally devoid of nutritional quality. Therefore, the term plant-based (or whole food plant-based)
has gained prominence by identifying the consumption of unprocessed food.
It is a fact that not all industrialized foods are the same. The emergence of new industrialized food
products targeting the vegan population is a current reality.
The IVU recommends that processed food products should be developed in a way
that preserves the food in its whole form, adopting preservation techniques that do
not use synthetic chemical methods or add artificial flavors and colors, saturated
(palm or coconut) and trans fats, sodium, sugar, artificial sweeteners, and flavor
enhancers.
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1. KNOWING THE FOOD GROUPS
How to make a vegan plate

Botanical classification evaluates foods by the corresponding plant parts, such as root, stem, leaf,
flower, fruit, and seed. This classification, from the nutritional standpoint, does not allow grouping foods
with similar nutritional characteristics, which is extremely important in food choice. As an example,
botanically, tomato, eggplant and watermelon are fruits, but nutritionally, their differences are important.
Thus, from a nutritional viewpoint, we will use the following distribution of food groups from the plant
kingdom.

Food group

Table 4.1. Plant food groups
Examples

Whole grains

oats, brown rice, rye, quinoa, wheat, barley, corn

Whole-grain
derivatives

rice, oats, corn, wheat and rye flour, flake and bran, granola, popcorn, wheat
germ, whole-grain pasta, whole-grain bread

Refined cereals

white rice, processed cereal flours, white pasta, white bread

Starchy vegetables

white potato, arracacha, sweet potato, cassava, cará, yam

Legumes

adzuki, black, white, red, sugar, fava and lupin beans, cowpea, split pea,
lentil, chickpea, soybean and its derivatives (tofu, tempeh, natto)

Nuts and oilseeds

almond, pecan, peanut, hazelnut, cashew nut, Brazil nut, sesame, tahini,
linseed, chia, pumpkin seed, sunflower seed, walnut, pistachio, macadamia

Leafy vegetables

lettuce, arugula, spinach, watercress, broccoli, broccoli rabe, endive,
mustard, chicory, cabbage, cauliflower, kale, parsley, coriander, chives,
celery, seaweed (wakame, kombu, hijiki)

Vegetables

artichoke, eggplant, onion, squash, zucchini, beet, carrot, chayote, sweet
pepper, okra, radish, tomato, cucumber, turnip, mushrooms

Fruits

pineapple, avocado, plum, banana, persimmon, star fruit, fig, guava, jackfruit,
kiwi, orange, apple, papaya, mango, watermelon, honeydew, strawberry,
pear, peach, tangerine, grape

Oils

olive, linseed, sunflower and sesame
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Notably, although quinoa is not a cereal, it is included in that group. Similarly, seaweed is grouped
with leafy vegetables, and mushrooms are grouped with vegetables. Although soybean can be classified
as an oilseed, its nutritional composition is closer to that of legumes.

2. VEGAN FOOD PLAN
There is no single way to design a vegan diet, but there are some important guidelines.
The most important point is for the final structure of a vegan diet to include the
necessary nutrients, without lack or excess, as in any other any diet, including an
omnivorous diet. This can be achieved in many ways.
At the end of this guide, we list several menus from around the world, with the nutritional calculations
broken down.
In the context of dietary guides, for over four decades, publications have suggested servings of
different food groups and guidelines for choosing nutritionally richer foods within each food group [210].
In 2003, a guide developed for Americans suggested the following daily servings for a 1,500-kcal diet:
six servings of cereals, five servings of protein-rich foods (legumes and nuts), four servings of leafy greens
and vegetables, two servings of fruits and two servings of fats. The choice of sources richer in calcium (8
servings per day) and omega-3 fatty acids is emphasized, in addition to ensuring adequate vitamin D and
vitamin B12 intake by consuming foods fortified with these vitamins or taking supplements [211].
In 2006, we visually translated this guideline if a diet consisted only of two main meals, resulting in
the proportions shown in Figure 4.1.
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Figure 4.1. Construction of a vegan meal

Figure created by Professor Doctor Eric Slywitch

Importantly, this arrangement does not imply the need to eat the amount of food pictured because
the meal in the photo contains approximately 750-kcal. What matters is to organize main meals based on
the proportion of the food groups shown in the figure. Figure 4.2. shows possible substitutions within
each food group.
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Figure 4.2. Food substitutions within each food group

Figure created by Professor Doctor Eric Slywitch

Examples of this composition (we consider oils as optional, which are added during food preparation
or to a prepared meal, as can be the case for nuts) are meals composed of the following:
— Whole-grain bread (cereal), hummus or tofu paste (legumes) and green juice (fruits +
vegetables);
— Brown rice (cereal), lentils (legume), salad (vegetables) and fruit for dessert;
— Soup made with white beans (legume), sauteed vegetables (vegetables) and noodles (cereals),
with fruit for dessert; and
— Whole-grain pasta (cereal) with lentil bolognese sauce and sprinkled with arugula (lentil is the
legume, and tomato sauce with arugula are the vegetables), with fruit for dessert.
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To structure meals, we suggest following guidelines in Table 4.2, which are not listed in order of
importance.
Table 4.2. Guidelines for choosing foods
Guidelines for structuring vegetarian meals
In the cereals group, always give preference to whole grains, particularly 100% whole
grains.
Cereals can be replaced by starchy vegetables (potato, cassava, cará, yam) to obtain
carbohydrates, but their protein content is lower than that of cereals. If the choice is to
use starchy vegetables, we suggest increasing the amount of legumes, either in the
same meal or in another meal later in the same day.
If possible, legumes should be included in at least two main meals, as they are the most
protein-rich plant group, with good iron and zinc content. Due to their versatility,
legumes can be used in various ways, such as in soups, pastes, fritters, and hamburger
patties or in grain form. The use of soaking improves the digestibility and bioavailability
of nutrients, as we will see in subsequent chapters.
Nuts, as well as other plant foods, contain protein, and the consumption of nuts is
healthy. However, from a nutritional standpoint, fat accounts for the highest caloric
percentage, with the protein content being much lower than that in legumes. Thus, we
suggest considering nuts as a source of fat rather than protein. Therefore, we included
a limited amount in the pictured meal, but they can be portioned differently according
to the plan.
Attention should be paid to the caloric content, because 100 g of nuts may contain 600kcal; this is a food group that facilitates caloric intake, which may or may not be
desirable.
Food sources of omega-3 fatty acids should be consumed daily, for example, flaxseed,
chia, hempseed, or walnut. The use of DHA in adults is not an official recommendation,
except for pregnant and breastfeeding women.
Calcium is a nutrient that requires great attention, and the richest food sources should
always be chosen (see the chapter on calcium), always considering the use of fortified
foods if the diet does not provide 1,000 mg/day.
Vitamin D, when not maintained at an adequate level by sun exposure, should be
adjusted through supplementation or the intake of fortified foods. We recommend
2,000 IU/day, as will be explained in the corresponding chapter.
Vitamin B12 should be supplied through supplements or fortified foods. Individuals
without professional monitoring should consume 500 μg/day.
Iodine should be supplemented at a dose of 150 μg/day when there is no fortification
policy for salt or other foods in the country.
Whenever possible, the foods chosen should be organic. If that is not possible, be sure
to choose plant products such as vegetables and fruits.
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The choice of whole foods, with minimal industrial processing, is desired to obtain the
highest fiber and phytochemical content and to avoid the addition of sodium, fats,
preservatives and other artificial additives.
One should always seek to obtain nutrients directly from foods. However, when that is not possible,
supplements should be consumed, either through direct intake or through fortified foods.
The use of supplements in a vegan diet does not indicate that the diet is unable to
provide everything the body needs; notably, omnivorous diets do not provide all
nutrients without the help livestock supplementation.
In addition, the direct intake of nutrients by humans, without animals as intermediaries, saves
resources.
After learning about nutrients in the following chapters, one should be able to choose the most
nutrient-rich foods.
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PART 5 — MACRONUTRIENTS
The replacement of animal foods with plant foods tends to alter the proportion of macronutrients in
the diet, as each food group contains different proportions of carbohydrates, protein and fat and animal
products are always high in fat and low in carbohydrates. The vast majority of studies show that
vegetarians consume proportions of macronutrients within the Dietary Reference Intakes (DRIs).
Health professionals, especially nutritionists, who know the macronutrient content of foods, can help
individuals choose foods and make adjustments to specific clinical conditions.
The DRIs [212] regarding the percentage of macronutrient intake are shown in Table 5.1.
Table 5.1. DRIs for macronutrient
Macronutrient
Percentage of recommended caloric intake
Carbohydrate
45 to 65%
Fat
25 to 35%
Protein
10 to 35%
Protein is typically 10% to 15% of the total caloric volume (TCV) and, in a few cases, reaches 20%.
With knowledge of the food groups, it is possible to structure a diet with macronutrient contents
ranging from low carbohydrate (low carb) to high carbohydrate (high carb).
Starting in this chapter, we will present tables with nutrient contents. For correct understanding of the data,
the highlighted table below provides important considerations about the composition of raw and dry foods.
Important: Whenever possible, we present the nutrient content found in the raw food. This approach provides the
most accurate nutrient content for nutritional calculations.
This requires culinary and nutritional reasoning.
For example, raw adzuki beans have an iron content of 4.82 mg per 100 g. The same iron content (4.82 mg) is in 1,000
mL of a soup containing these 100 g of beans or in 300 g of cooked beans without broth, placed in a salad, for example.
As the nutritional tables show the value in 100 g (of the product presented), when looking at any table that lists the food
cooked, the nutrient content will depend on the final recipe and its water content. Note the following for the two
examples above:
— 1 L of soup contains 4.82 mg of iron. In 100 mL (100 g) of soup there is 0.482 mg of iron; and
— 300 g of cooked beans without broth contains 4.82 mg of iron. Therefore, in 100 g of this composition, there
is 1.6 mg of iron.
Thus, for 100 g of beans, there is a 3.3-fold difference in the nutritional content due to the water content added to the
product.
Therefore, care should be taken with tables that show the content of cooked food, as the final value will depend on
the recipe used.
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Another important point is the nutrient content in condiments and dry leaves, as the value is shown for 100 g of the
product. For example, 100 g of allspice contains 123.6 mg of iron. In culinary preparations, considering an individual
meal, the amount of allspice used is much lower. A person using 0.5 g of allspice will intake 0.61 g of iron.
In this work, the tables present the nutritional content of the raw food so that the calculation is more accurate.
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1. CARBOHYDRATES
The simple adoption of a vegetarian diet does not lead to excessive carbohydrate intake.
Although some studies have shown that vegetarians eat more carbohydrates than do omnivores, the
amount consumed by vegetarians does not exceed the recommendation of up to 65% of the TCV [146,
147, 213-216].
Exceeding this percentage value is not necessarily bad when the caloric intake from fats is low and
the total caloric content is not excessive. In fact, as shown in the chapter on controlled studies in
individuals with diabetes, heart disease and prostate cancer, this approach has brought more benefits
than a diet with the usual proportion of macronutrients.
The method of preparing a vegetarian diet allows the increase or decrease in carbohydrate intake.
Population studies show that commonly adopted vegetarian diets (without specific therapeutic changes)
usually include 51% to 62.7% of the TCV as carbohydrates. In the same comparative studies, omnivores
consumed 43.5% to 58% of their calories as carbohydrates [146, 147, 213-216].
From the comparative point of view, semantic questions should always be taken into consideration
in analyses. It is correct to state, in the light of the data presented, that vegetarians tend to eat more
carbohydrates than do omnivores, but this does not mean that they eat more than they should.
Consuming more or less of a nutrient than another group is a comparison made between different diets
and not with respect to the individual required healthy intake.
When a group consumes more or less nutrients than another group, this does not
mean that these groups consume more or less than needed.
A study that evaluated patients with dyslipidemia made changes to the percentage of carbohydrates
consumed (26% of the TCV of the diet for ovo-lacto vegetarians). This diet was called Eco-Atkins [217].
In another intervention study with 1,615 participants, of whom 71.6% were overweight, 64% had
dyslipidemia, 39.6% had hypertension and 79.5% used at least one medication to control diabetes, hypertension
or dyslipidemia, the structured diet was low in fat, with 80% of kilocalories as carbohydrates [218].
The IVU recommends that the carbohydrates and other macronutrient content be
adjusted according to dietary choices and clinical objectives of nutritional
prescriptions. There is no specific pattern established by the fact that an individual
is vegetarian.
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2. FATS
The adoption of a vegetarian diet tends to bring about changes in the quantity and quality of lipids
consumed.
In population studies, fat intake by vegetarians ranges from 23% to 34% of the TCV. In those same
studies, omnivores consumed between 30.7% and 36% of calories from fat [146, 147, 213-216].
In the Eco-Atkins diet, this percentage was 43% of total kilocalories for ovo-lacto vegetarians [217].
Conversely, in diets with a high carbohydrate and low fat content, the lipid content consumed is below
10% of the total kilocalories consumed [218, 219].
Regarding the type of lipid consumed, studies show that the largest difference between omnivores
and vegetarians is a lower intake of saturated fat and higher intake of polyunsaturated fat by vegetarians
[216].
Except for coconut, white palm and red palm oils, plant sources have a considerably lower amount
of saturated fat than do animal products.
A systematic review and meta-analysis of clinical studies showed that compared
with the consumption of other vegetable oils, the consumption of coconut oil
resulted in a significant increase (10.47 mg/dL) in LDLc [220].
Thus, based on nutritional composition, it is possible to prescribe the quantity and quality of lipids
in different forms. Health professionals should provide such prescriptions.
Within the subject of “fats,” omega-3 fatty acids deserve special consideration.
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2.1. OMEGA-3 FATTY ACIDS
Regarding essential fatty acids, the human body is unable to produce two: linoleic acid (LA), from the
omega-6 family (ω-6), and alpha-linolenic acid (ALA), from the omega- 3 family (ω-3).
LA is converted into arachidonic acid (AA), and ALA is converted into eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA).

2.1.1. Chapter overview
1. Most studies show a higher intake of ALA by vegans and some show lower or equal intake when
compared to omnivores. These differences in these findings are due to the different dietary choices
of individuals.
2. ALA intake by vegetarians should be greater than that by omnivores, approximately 2.2 to 4.4 g/day.
3. LA and ALA content should be adjusted so that the final ω-6:ω-3 ratio is 4:1. An effective means of
adjusting this ratio is to reduce LA intake and increase ALA intake. When there is a need to increase
the dietary lipid intake, the use of oleic acid (ω -9) is recommended, such as olive or avocado oil.
4. Most studies show that vegans do not consume (or consume a negligible amount) EPA and DHA,
unless they take supplements.
5. Most studies show that compared with omnivores, vegans have a 30% lower DHA level, but this
reduction does not have negative neurological consequences. The absence of DHA deficiency
symptoms does not mean adequate dietary intake. Additionally, because we do not know with
accuracy the DHA level appropriate for the human body, we are only comparing who has more with
who has less, not how much we have relative to what we need.
6. With a 30% lower level of DHA, vegans have increased cardiovascular protection and lower
cardiovascular mortality, indicating that DHA is not the main element modulating cardiovascular
protection and mortality. This conclusion is supported by studies in the field of cardiology.
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7. It is still unknown whether an increase in EPA and DHA in the vegetarian/vegan population would
confer individuals additional neurological and cardiovascular protection.
8. The intake of DHA derived from microalgae increases the level of DHA and EPA in both vegetarians
and omnivores.
9. Pregnant and nursing vegetarians and vegetarian children up to 2 years of age should take DHA in
the form of microalgae supplements. There is no evidence to date that, outside of these conditions,
vegetarians and vegans should take EPA and DHA supplements.
10. EPA and DHA supplements from fish should be replaced by products from microalgae, for both
omnivores and vegetarians, as they have the same metabolic effects and are more environmentally
sustainable.
The nomenclature for oils in the ω-3 and ω-6 families is shown in Table 5.2. [221].
Table 5.2. Nomenclature for oils in the omega 3 and 6 families.
Name
Nomenclature
Omega-6 family
Linoleic acid (LA)
18:2ω-6
Gamma-linolenic acid (GLA)
18:3ω-6
Dihomo-gamma-linolenic acid (DGLA)
20:3ω-6
Arachidonic acid (AA)
20:4ω-6
Docosatetraenoic acid (DTA)
22:4ω-6
Tetracosapentaenoic acid (TPA)
24:5ω-6
ω-6 Docosapentaenoic acid (DPA)
22:5ω-6
Omega-3 family
Alpha-linolenic acid (ALA)
18:3ω-3
Stearidonic acid (SDA)
18:4ω-3
ω-3 Eicosatetraenoic acid (ETA)
20:4ω-3
Eicosapentaenoic acid (EPA)
20:5ω-3
ω-3 Docosapentaenoic acid (DPA)
22:5ω-3
Tetracosahexaenoic acid (THA)
24:6ω-3
Docosahexaenoic acid (DHA)
22:5ω-3
In terms of nutritional concepts, LA and ALA are considered essential fatty acids; AA, EPA and DHA
are not considered essential fatty acids because these three can be produced by ingesting their precursors
(LA and ALA). Thus, AA, EPA and DHA are considered essential only if the intake of LA and ALA is not
sufficient for endogenous conversion.
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2.1.2. Functions
Polyunsaturated fats, such as ALA and LA, are necessary for the functioning of cell membranes, for
the development and functioning of the brain and central nervous system, for the production of
eicosanoids (thromboxanes, prostaglandins, leukotrienes and prostacyclins), which regulate
inflammation, platelet aggregation and coagulation, vascular and muscle contraction and dilation, as well
as the immune response and hormonal secretions [222, 223].
ω-6 Family — AA derivatives have potent action. When produced in high amounts, they are associated
with an increased risk of various types of cancer, diabetes, osteoporosis, and inflammatory and
immunological disorders. From the cardiovascular point of view, there are controversial results regarding
their effects, as they seem to have negative effects on cardiovascular health in some studies, but much
less negative than those caused by the consumption of saturated fat, but do not appear to be deleterious
based on the results of several other studies.
A systematic review and meta-analysis of cohort studies shows the protective effect of LA.
When only 5% of dietary energy from saturated fat is replaced by LA, there is a 9%
reduction in the risk of cardiovascular events and a 13% reduction in the risk of death from
cardiovascular disease. Individuals who consume more LA had a 15% lower risk of
cardiovascular disease and a 21% lower risk of death from cardiovascular disease [224].
ω-3 Family — The eicosanoids of the ω-3 family have an opposite effect to that of those in the ω-6
family. Eicosanoids derived from EPA have less potent action and antiinflammatory properties, and their
action is involved in the prevention of coronary heart disease, hypertension, autoimmune diseases,
arthritis, depression, and various types of cancer. Some potent mediators are derived from EPA and DHA,
such as protectins (derived from DHA) and resolvins (derived from DHA and EPA), which help protect
against inflammatory processes and in their resolution [222]. When ω-3 fatty acids are incorporated into
a cell membrane, signaling and gene expression improve. DHA is very abundant in the cerebral cortex,
retina, testicles, and semen.
DHA is the main ω-3 derivative in the brain, with a concentration of approximately 10,000 nmol/g of brain
tissue, which corresponds to 10–15% of the fatty acid content in the brain or approximately 5 g in the adult brain.
DHA is present at a concentration at least 50 times higher than EPA and 200 times higher than ALA. Present in high
concentrations in the brain, DHA is important for cell survival and neuroinflammation [225].
The human brain's need for DHA is only 2.4 to 3.8 mg/day [226, 227].
In humans, clinical ω-3 deficiency results from the use of parenteral nutrition with only 0.6% fatty
acids such as ALA [225].
Meta-analyses indicate that EPA has stronger action than DHA in the attenuation of depressive
symptoms [226, 227].

2.1.3. Conversion of ALA into EPA and DHA and of LA into AA
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This subject deserves further investigation, as it leads many to believe that vegetarians will have
health problems because they only consume ALA because EPA and DHA are not found in plant foods,
except in algal oil.
As previously mentioned, LA is converted into AA, and ALA is converted into EPA and DHA. This
conversion involves the insertion of carbon pairs (a process known as elongation) and double bonds (a
process known as desaturation).
Because the enzymes involved in the conversion process are the same in the ω-6 and ω-3 families, an
inadequate balance in the consumption of these two fatty acids can compromise the final products. In the
Western diet profile, with excess LA, the conversion of ALA into EPA and DHA is inhibited.
Figure 5.1. shows the conversion pathways with the main enzymes and source foods.
Figure 5.1. Elongation and desaturation of essential fatty acids

Figure created by Professor Doctor Eric Slywitch
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In general, humans (except those with innate metabolic disorders) can convert LA to AA very efficiently, with
a conversion rate of 5% to 10%. The conversion of ALA into EPA is also efficient, and doses of ALA greater than 5.3
g/d significantly increase EPA in plasma and platelets [228, 229]. Humans can also convert, albeit ineffectively, ALA
into DHA, with the conversion rate ranging from 0% to 9.2% [221, 223, 225, 230-233].
The consumption of ALA from canola and flaxseed (seed or oil) increased the EPA content in tissue by
2.5-fold compared to the 0.5-fold increase in a diet moderate in ALA in men aged 20 to 50 years old [234].
Therefore, an increase in ALA leads to a significant increase in EPA but little or no
significant increase in DHA.
Because the described values vary widely among studies and there are discrepancies between the
conversion rates evaluated, below is a summary of the main studies and the data found. In most cases,
the conversion rate is low for the formation of DHA.
Potential for conversion of ALA into DHA
The topic is presented following the chronological order of the publications.
One review evaluated 12 studies (from 1982 to 2007) that used ALA in healthy humans and assessed
the changes in the EPA and DHA levels. The same was evaluated in three studies in humans with ALA
deficiency [221]. The results of this review are shown in the three tables below, adapted from the
cited reference [221].
Table 5.3. Conversion of ALA into DHA in healthy individuals
Change
Reference

Participants number and
sex

Duration
(weeks)

ALA (g/d)
provided

Source of ALA

EPA

DHA

Kelley et al. 1993

10 M

8

20.5

Liquid linseed oil

Trace

+38%

Nordstrom et al. 1995

22 M/F

12

9.6

Liquid linseed oil

+0.02%

+0.50%

Harper et al. 2006

31 M/F

26

3

Capsulated linseed oil

+53%

+4%

Szapary et al. 2007

30 M/F

10

40

Flax seed

+12%

Trace

Mantzioris et al. 1995

15 M

4

13.7

Fortified margarine

+138%

+14%

Cunnane et al. 1995

10 M/F

4

9

Flax seed

+33%

Trace

Li et al. 1999

17 M
17 M

6
6

3.7
15.4

Fortified margarine
Fortified margarine

+13%
+250%

Trace
Trace

James et al. 2003

15 M/F

3

1.5

Capsulated linseed oil

+23%

Trace

Finnegan et al. 2003

29 M/F

26

4.5

Fortified margarine

+90%

Trace

Wallace et al. 2003

8M

12

3.5

Capsulated linseed oil

+60%

+2%

de Groot et al. 2004

29 F

26

2.8

Fortified margarine

Trace

Trace

Goyens et al. 2006

10 M/F

6

1.1% of energy

Fortified margarine

+9.70

+0.03

F = female, M = male

Table 5.4. Conversion of ALA into DHA in Individuals with ALA deficiency
Change
Reference

Participants number and sex

Duration
(weeks)

ALA (g/d)

Source of ALA

EPA

DHA

Bjerve et al. 1989

3 M/F (adults)

8

0.12 mL/d
0.50 mL/d

Alpha-linolenic acid ethyl ester

Trace
+41%

Trace
+18%

Holman et al. 1982

1 F (child)

32

1.625

ALA

+0.68%

+0.45%

Bjerve et al. 1988

1 F (child)

20

0.51

ALA

+278%

+180%

F = female, M = male
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Table 5.5. Chain elongation data using isotopes in human adults
Change
Reference

Participants number and sex

EPA

DHA

Vermunt et al. 2000

15 M/F

5.1%

Trace

McCloy et al. 2004

6F

1.5%

0.3%

Goyens et al. 2005

29 M/F

7%

0.07%

Emken et al. 1994

7M

6%

3.8%

Pawlosky et al. 2001

8 MF

0.2%

Trace

Burdge et al. 2002

6M

7.9%

Trace

Burdge and Wootton 2002

6M

Trace

Trace

Burdge et al. 2003

14 M/F

Trace

Trace

Hussein et al. 2005

38 M

0.03%

Trace

ALA labeled – low dose (<100 mg/d)

ALA labeled – high dose (> 100 mg/d)

Seven intervention studies published from 2004 to 2014 were evaluated, showing that ALA in seed and
nut oils could not be converted into EPA and DHA. In addition, three studies showed that the consumption
of microalgae oil was able to significantly increase the DHA content in erythrocytes and plasma [235].
Table 5.6. Studies using vegetarian sources of omega-3 fatty acids
and their effects on DHA (adapted from reference [235])
Changes after intervention
Plasma
Reference

Study type

Participants number and
sex

Duration
(weeks)

ALA
(g/d)

Source of ALA

BarceloCobmin et al.
2008

Controlled,
randomized

62 M/F

12

1.2–
3.6

Francois et
al. 2003

Intervention
without
placebo

7F

4

Cao et al.
2006

Controlled,
randomized,
blinded

20 M/F

Harper et al.
2006

Controlled,
randomized,
double-blind

Kaul et al.
2008

Erythrocytes

ALA

EPA

DHA

ALA

EPA

DHA

Linseed oil

+

+

NS

+

+

NS

10.7

Linseed oil

+

+

NS

+

+

NS

8

3.5

Linseed oil

+(NS)

+(NS)

NS

NS

+

NS

49 M/F
patients

26

3.0

Linseed oil

+

+

NS

X

X

X

Controlled,
randomized,
double-blind

86 M/F

12

1.0

Linseed oil

+

NS

NS

X

X

X

Surette et al.
2004

Open

11 M/F

4

15 g
(oil)

Echium seed oil

+

+

NS

X

X

X

Zhao et al.
2004

Controlled,
randomized

23 M/F

6

15 g
(oil)

Walnut oil

+

+

NS

X

X

X

Arterburm et
al. 2007

Controlled,
randomized

96 M/F

4

>1g
(DHA)

Algal oil (DHA)

X

+(NS)

+

X

+(NS)

+

Sanders et al.
2006

Controlled,
randomized,
double-blind

79 M/F

4

1.5 g
(DHA)

Algal oil (DHA)

X

X

+

X

X

+

Geppert et
al. 2006

Controlled,
randomized,
double-blind

106 M/F

8

0.94 g
(DHA)

Algal oil (DHA)

X

+

+

X

+

+

+ = increase; - = decrease; NS = not significant; X = not measured.

118

Estimates of DHA synthesis are based on the appearance of labeled DHA after the ingestion of stable
isotope-labeled ALA or by assessing the DHA level after an acute or chronic increase in ingested ALA.
Using these methods, the estimated conversion rate of DHA is less than 1% of the total ALA ingested,
although the estimates vary between 0% and 9.2% [225], as shown in the table below, adapted from
the same reference.
Table 5.7. Studies on the conversion of ALA into DHA
Reference

Participants number and sex

Dose (mg)

Time (days)

DHA conversion

Emken et al. 1994

7M

2.8

2

3.79%

Pawlosky et al. 2001

4 M, 4F

1,000

7

0.05%

Burdge et al. 2002

6M

700

21

ND

Burdge et al. 2002

6F

700

21

9.2%

Burdge et al. 2003

14 M

700

2

0.04%

Pawlosky et al. 2003

5 M, 5F

1,000

7

0.05–0.08%

McCloy et al. 2004

6F

47

7

0.34% dose/L plasma

Hussein et al. 2005

12 M

400

14

<0.01%

Goyens et al. 2005

14 M, 15 F

190

9

0.08%

Gillingham et al. 2013

14 M, 25 F

45

1

0.17–0.22% of dose
recovered

ND = not dosed

A Spanish study published in 2019, in which participants had a higher intake of olive oil (rich in ω-9
fatty acids) found that vegetarians and vegans had a high LA level. However, their ALA level was very low,
and ALA intake and supplementation were associated with increased EPA levels but not DHA levels.
Individuals who consumed more ALA-rich seeds had higher serum ALA levels, but conversion to EPA and
DHA was not detected [236].
Importantly, there is controversy regarding the method of analyzing conversion, and to understand
this, a deeper dive into human physiology is necessary.
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2.1.4. DHA metabolism in the human body
Figure 5.2. DHA metabolism in the human body

Figure created by Professor Doctor Eric Slywitch

The liver is the main site of DHA synthesis, with 30 times higher DHA production than the heart and
brain. Although able to produce DHA, the brain cannot maintain DHA homeostasis because brain DHA
synthesis is approximately 100 times less than the amount received by the blood. DHA synthesis and
secretion by the liver is at least 3 to 10 times higher than brain DHA consumption [225].
When ALA reaches the liver for DHA production, it is exported via very low-density lipoprotein (VLDL).
DHA circulates in esterified forms, such as cholesterol esters, phospholipids, and triacylglycerol, and in
an unesterified albumin-bound form. It has been suggested that most DHA is supplied to the brain in a
unesterified form and crosses the blood–brain barrier by passive diffusion [225].
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When a lipid is said to be esterified, it is bound to something; when it is said to be unesterified, it is
free.
Esterification is a process that occurs between a carboxylic acid (such as a fatty acid) and an alcohol
(such as glycerol), forming an ester (such as triacylglycerol, which is a glycerol with three fatty acids)
and water. As the name suggests, the formation of this ester is called esterification.
The unesterified DHA pool is 10 to 100 times smaller than the esterified DHA pool and is largely
maintained in adipose tissue (during fasting) and hydrolyzed by plasma proteins (in the postprandial
period). In addition, the reduction in unesterified DHA occurs only when ALA deficiency is very substantial.
The adipose tissue of a child contains 1 to 4 g of DHA, and the adult adipose tissue contains 20 to 50 g. It
is from adipose tissue that unesterified DHA is supplied; the brain’s DHA requirement is only 2.4 to 3.8
mg/day [225, 237].
The use of stable isotope techniques, in which stable isotope-labeled ALA is given orally to humans
and then the presence of labeled DHA in blood lipids from postprandial synthesis is evaluated, shows that
the conversion rate of ALA into DHA ranges from 0.01% to 0.08%. Based on these values, it is believed
that conversion is quite inefficient in humans. However, we must be cautious with this interpretation,
specifically with regard to the brain. When ALA is ingested, it is not known how much is available for DHA
synthesis. In humans, approximately 72% of orally ingested ALA is beta-oxidized (its carbons are used for
the production of mitochondrial energy) within 168 hours (seven days) after ingestion. Additionally, much
of the ALA is stored in adipose tissue. In adult women, after seven days of consuming labeled ALA, 57%
was found in adipose tissue, where its half-life is at least one year. oe year.
The plasma appearance of DHA after the ingestion of ALA does not necessarily
reflect conversion of the ingested product into DHA.
It is possible that although esterified DHA remains unchanged with the chronic increase in ALA intake,
dietary ALA may be sufficient to maintain the brain concentration of DHA via the plasma unesterified fatty
acid pool derived from adipose tissue. In summary, these methods measure the constant synthesis of
DHA by the constant release of ALA or the direct release of DHA by adipose tissue and not hepatic
conversion after the ingestion of ALA. Because of this, the synthesis of DHA is underestimated by the
current methods employed [225]. Using methods that can evaluate the synthesis of DHA independent of
ALA intake (because some undergoes beta-oxidation and some is stored in adipose tissue), it has been
demonstrated in rats that the rate of DHA synthesis is at least three times higher than the rate of DHA
brain uptake [225].

2.1.5. Factors affecting ALA elongation and desaturation
The consumption of trans fatty acids reduces HDLc, increases lipoprotein (a), increases triglycerides
and inhibits Δ-6-desaturase, reducing the conversion of ALA into EPA and DHA [238]. Trans fatty acids are
found mainly in highly processed foods, snacks, sweets and margarine. A vegan diet composed of natural
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and whole foods avoids the consumption of this type of fat. However, it is necessary to pay attention to
the products that the industry has developed for vegans, as many of these products can be highly
processed.
The choice of the types of lipids ingested makes a difference in the production of EPA
and DHA. Studies with radioisotope-labeled ALA show that diets rich in saturated fat
decrease the conversion rate. With a diet rich in ω-6 fatty acids, the conversion rate
decreases by 40–50%. Several researchers agree that the ω-6:ω-3 ratio should not
exceed 10:1, and most of suggest that the ratio should not exceed 4 to 6:1 [239].
When increasing the intake of LA from 15 g/day to 30 g/day (deviating from the ω-6:ω-3 ratio), adult
men show a 40–54% increase in the conversion of LA into AA, in addition to a reduction in the conversion
of ALA into EPA and DHA [240].
The conversion of ALA into EPA and DHA is also inhibited by excess alcohol and caffeine intake [221].
The activity of the enzymes that convert ALA into EPA and DHA is dependent on vitamins and minerals
such as zinc, magnesium, niacin and vitamin C [221].
Nondietary factors, such as advanced age, chronic diseases (diabetes, metabolic syndrome,
hypertension and dyslipidemia) and smoking, also affect the conversion of ALA into EPA and DHA.
Insulinopenia (as in type 1 diabetes) may further limit conversion [221].
In this context, sex differences are a striking factor. Studies with premenopausal women show that
compared to men, women are better able to convert ALA into EPA and DHA. After consuming 700 mg of
radiolabeled ALA, women showed conversion rates of 21% for ALA to EPA, 6% for ALA to DPA and 9% for
ALA to DHA in plasma [230]. It is theorized that this higher conversion may be due to two factors. One of
these is estrogenic action, which may confer protective advantages to fetal development during
pregnancy and infant development during breastfeeding. The other is the lower availability of ω-3 fatty
acids for beta-oxidation in women [241].
In men, this conversion is much less efficient, and men tend to convert more ALA into saturated and
monounsaturated fat [231].

2.1.6. Individuals with genetic alterations
Some individuals are less efficient at converting ω-3 fatty acids into EPA and DHA due to genetic
polymorphisms in FADS genes. The enzyme Δ-6-desaturase is encoded by the FADS2 gene, and Δ-5desaturase is encoded by the FADS1 gene [242]. A study evaluated 4,457 pregnant women and found
polymorphisms in smaller alleles in the FADS genes in 11% to 40% of the population [243]. The presence
of these polymorphisms in pregnant and breastfeeding women may lead to a lower infant intelligence
quotient (IQ) and an increased risk of atopy, overweight and heart disease. Some polymorphisms increase
the risk of prostate and breast cancer [244].
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Because of the prevalence of these polymorphisms, the difficulty in determining
their presence, and the importance of the maternal DHA status in early-life
neurodevelopment, the IVU recommends DHA supplementation of 200 mg/day for
pregnant and nursing vegetarian/vegan women.
Importantly, this recommendation may change over the next few years, as reviews
still question the effect of DHA on behavioral outcomes [245].

2.1.7. Retroconversion: DHA is converted into EPA, but EPA is not converted into DHA
The rate of retroconversion of DHA into EPA is 9.4%, which suggests that dietary or DHA supplements
can be used as a source of EPA via retroconversion [246, 247]. In another study, retroconversion was
estimated to range from 11.3% to 12% [248].
Conversely, EPA supplementation in adults does not change the plasma DHA concentration [221].

2.1.8. How much and how to use ALA in vegetarian diets
For vegetarians, the increase in ALA relative to the DRIs, according to some researchers, should be
double, that is, from 1.1 g/day to 1.1 g per 1,000-kcal or 1% of energy from ω-3 fatty acids for vegans and
vegetarians. This ensures an intake of at least 2.2 g/day (up to 4.4 g/day) of ALA in a 2,000-kcal diet. This
calculation corresponds to 1–2% of kcal from ω-3 fatty acids [249].
Table 5.8. Recommended omega-3 fatty acid intake (all forms represent the same final value)
How much ALA to consume:
Per kilocalorie (kcal)
1.1 g per 1,000-kcal
Daily total
2.2 to 4.4 g/day
Total dietary caloric value
1-2% of total dietary kcal

Use the ω-6:ω-3 ratio of 4:1 (always remain below 10:1) [251].
LA greater than 1–2% of kilocalories represents high LA intake. In a woman who needs 1,500-kcal/day,
1–2% represents 15 to 30-kcal from LA, a very low content, considering that one tablespoon of oil can
contain 70–100-kcal (of total fat). For a man who consumes 2,000-kcal, 20 to 40-kcal from LA is required.
For a reduction in LA to be truly significant, it is necessary to know the LA content of the oils consumed
(see below) and be aware of LA content in nuts, the amount added in salads and the content present in
industrialized products, which sometimes contain hidden fat content.
In general, reducing LA content in the diet is the best way to help maintain the ω-6:ω-3 ratio at 4:1
and seems more effective for conversion than simply increasing ALA intake to achieve this ratio without
reducing LA.
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Vegans who already use ALA/EPA/DHA sources in the form of supplements in amounts that meet
their daily requirements do not need to increase their dietary intake of ALA.
The use of oils with a higher oleic acid content (ω-9 fatty acids), such as olive and avocado oils, helps
increase the fat content in the diet without increasing the LA content.

2.1.9. Nutritional status of omega-3 fatty acids in vegetarians
As previously mentioned, the comparison of the nutritional status of nutrients that can be altered by
the choice to eat plant products has questionable value in understanding the dietary adequacy of
vegetarian groups when compared to omnivorous groups and can only lead to conclusions that dietary
changes affect metabolic parameters, not that one diet is more adequate than another.
For ALA, if a vegetarian consumes chia or flax seeds daily, for example, they will have a higher ALA level than
another vegetarian who does not consume these seeds and an omnivore who consumes different sources of
ALA. In this context, there are many studies in different populations with different results; in reality, these
differences indicate that when nutritional choices are modified, the final result is also altered.
However, with respect to substances or nutrients that are bioavailable or that require metabolic
conversion, such as the conversion of ALA to EPA and DHA, the comparison of individuals from groups
that consume, or not, a source of a substance will have greater value in providing answers regarding the
different diets and their metabolic consequences; such comparisons allow the determination of whether
individuals with a lower level of the evaluated substance can modify this level somehow and whether
there will be a change in the clinical outcome.

In this context, we provide answers to the following questions:
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1)

What is the nutritional status of ALA in vegetarians?
Different studies have shown different results based on dietary choices. Most showed a
higher intake of ALA by vegans [247, 250-254]; some showed a lower intake [255-257]; and
one showed no difference [258] in intake from omnivores.

2)

What are the nutritional statuses of EPA and DHA in vegetarians?
Most studies show that vegans do not consume (or consume negligible amounts) of EPA
[251, 255, 257, 258] and DHA [250-259] unless they take supplements [250]. Thus,
metabolic conversion is the only way to obtain EPA and DHA if microalgae oil is not
consumed.
In 2004, the omega-3 index was proposed as a marker of the risk of death from cardiovascular
disease [260]. Similar to glycated hemoglobin, total EPA + DHA (expressed as a percentage of
total fatty acids) in the erythrocyte membrane was validated as a tissue biomarker of ω-3 fatty
acids. This index was shown to be an independent predictor of risk for heart disease (which we
will see later is quite questionable), cellular aging and cognitive dysfunction. A low omega-3 index
indicates an increased inflammatory status. An index equal to or above 8% was associated with
greater protection, and an index below 4% was considered poor. In the United States, the
average index value was 4% to 5%, and only 10% of the evaluated individuals had an index of
10%. In Japan, the country with the highest fish consumption, the measured values ranged from
approximately 9–11% [261].
As expected, the blood concentration of omega-3 fatty acids was lower in vegetarians than in
omnivores [262]. A Dutch study showed that the omega-3 index for vegans was half that for
omnivores (4.45% for omnivores and 2.26% for vegans). Another study reported that the omega3 index was 3.7% for individuals who had been vegan, on average, for 12 years [250]. A study
with 196 omnivores, 231 vegetarians and 232 vegans from the United Kingdom showed that
vegetarians, and especially vegans, had lower levels of EPA and DHA, despite a good level of ALA
[216].

Vegetarians and vegans who consume only ALA have DHA levels that are 30–40%
lower than those in omnivores [217, 258, 259]. Compared with that for populations
that consume seafood, the omega-3 index for vegetarians is 60% lower [265].
3)

Are vegetarians able to produce EPA and DHA if they consume ALA?
To answer this question, we evaluate two interesting studies in which the design was not
to evaluate the conversion of ALA into EPA and DHA by means of labeled ALA but rather
to evaluate plasma levels of these fatty acids in the evaluated individuals.
A comparative analysis of males who did not take fish oil supplements, performed with 296
omnivores, 231 vegetarians and 232 vegans in the United Kingdom, showed that the
plasma levels of EPA and DHA were lower in vegetarians and vegans than in omnivores.
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The level and proportion of these fatty acids were not associated with the length of time
eating a vegetarian diet (some participants had been vegetarians for less than one year and
some for more than 20 years). In vegetarians, the plasma level of DHA was inversely
correlated with that of LA. These studies indicated that in the absence of animal foods, the
conversion of ALA into EPA and DHA is low but stable and that the concentration of these
fatty acids is maintained even after decades of eating a vegan diet [216]. The measured
serum concentrations are shown in Table 5.9.
Table 5.9. Plasma level of omega-3 fatty acids in individuals who
have consumed a vegetarian diet for years
Variable
(in mg/L)

Omnivores
N = 196

ALA
LA
EPA
DHA

Ovo-lacto
vegetarians
N = 231

Vegans
N = 232

1.30

1.39

1.41

21.86

24.53

27.48

0.72

0.52

0.34

1.69

1.16

0.70

% Difference
between
vegetarians
and adequate
levels

% Difference
between
vegans and
ovo-lacto
vegetarians

% Difference
between
vegans and
adequate
levels

7
12
-28*
-31*

1
12
-35*
-40*

9
26
-53*
-59*

* p < 0.001.

A study [256] conducted with overweight men and women aged approximately 60 years
compared the intake and serum levels of ALA, EPA and DHA in 12,210 individuals who ate
fish, 1,934 who ate meat (except fish), 250 ovo-lacto vegetarians and 28 strict vegetarians.
As seen in the two tables below, the amount of ALA ingested by vegans was lowest, and
the ω-6:ω-3 ratio was more favorable to the conversion of ALA to EPA and DHA in fish
eaters. Of those who ate fish, men ingested approximately 190 mg of DHA, and women
ingested approximately 150 mg. Vegans did not consume DHA. The intake assessed in this
study is shown in Tables 5.10. and 5.11.
Table 5.10. Intake of omega-3 and omega-6 fatty acids by men
Fatty acid
ALA (g/d)
LA (g/d)
ω-6:ω-3
ratio
EPA (g/d)
DHA (g/d)

Fish eaters
N = 5952

Meat eaters
(except fish)
N = 996

Ovo-lacto
vegetarians
N = 96

Vegans
N = 12

1.25
12.41
9.9:1

1.11
11.8
10.6:1

1.25
17.78
14.2:1

1.02
12.79
12.5:1

0.13
0.19

0.02
0.02

0.02
0.0007

0.01
0

Table 5.11. Intake of omega-3 and omega-6 fatty acids by women

P (among
the four
groups)
<0.001
0.702
Not
evaluated
<0.001
<0.001
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Fatty acid
ALA (g/d)
LA (g/d)
ω-6:ω-3
ratio
EPA (g/d)
DHA (g/d)

Fish eaters
N = 6258

Meat eaters
(except fish)
N = 938

Ovo-lacto
vegetarians
N = 154

Vegans
N = 16

1.01
9.52
9.42:1

0.86
8.59
10.0:1

0.97
10.06
10.4:1

0.86
11.91
13.8:1

0.11
0.15

0.02
0.01

0.01
0.0004

0.02
0

P (among
the four
groups)
<0.001
0.002
Not
evaluated
<0.001
<0.002

Although the intake of ALA by vegetarians and vegans was not much higher than that by
fish eaters (who also consumed DHA) and vegans did not consume DHA at all, the measured
plasma levels of EPA and DHA in vegetarians and vegans were comparable to those in
omnivores, and among women, DHA was higher in vegans.
Plasma levels of omega-3 and omega-6 fatty acids are provided in Tables 5.12 and 5.13.
Table 5.12. Plasma levels of omega-3 and omega-6 fatty acids in men
Variable
(in mmol/L)

Fish eaters
N = 2257

Meat eaters
(except fish)
N = 359

Ovo-lacto
vegetarians
N = 25

Vegans
N=5

ALA
LA
EPA
DHA

10.9
1164
57.5
239.7

11.8
1,207.9
47.4
215.6

13.6
1,238.2
55.9
222.2

15.8
1,337.7
65.1
195.0

Table 5.13. Plasma levels of omega-3 and omega-6 fatty acids in women
Variable
(in mmol/L)

Fish eaters
N = 1891

Meat eaters
(except fish)
N = 309

Ovo-lacto
vegetarians
N = 51

Vegans
N=5

ALA
LA
EPA
DHA

12.4
1,236.9
64.7
271.2

13.1
1,271.2
57.1
241.3

12.3
1,328.9
55.1
223.5

13.7
1,406
50.0
286.4

The results from this study showed that the amount of ALA ingested, and ALA serum levels
were not proportional. One hypothesis is that the conversion of ALA into EPA and DHA is
higher in individuals who do not eat fish, in an attempt to maintain body homeostasis. The
discussion from that study also proposes not only a 3:1 ω-6:ω-3 ratio as a way to maintain
Δ-6-desaturase enzyme activity and thus the conversion of ALA into EPA and DHA but also
the total amounts of LA and ALA in the diet as relevant factors for the elongation of the
ALA carbon chain. The study also concluded that ALA from plant sources can be properly
converted into EPA and DHA [256].
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As we have seen, vegans who do not consume DHA from microalgae have lower
levels of EPA and DHA in plasma and erythrocytes, indicating that conversion occurs,
corroborating the hypothesis that evaluating the conversion of ALA into EPA and
DHA using labeled ALA may actually underestimate the actual conversion rate. Even
after years of consuming a vegan diet, EPA and DHA levels remain stable, reinforcing
the constant conversion of ALA into these two fatty acids.
Although the EPA and DHA levels were satisfactory in one of the studies, most show lower
levels in vegans, leading to the following question:
4)

Do vegetarians fare less favorably than omnivores in conditions in which studies indicate
that EPA and DHA levels are important?
Due to the low conversion rate, humans must consume direct sources of EPA and DHA.
However, the evidence is not conclusive regarding the amount needed to maintain
physiological function [263].
Therefore, we need to evaluate the cardiovascular and mental health status of vegans.
From a cardiovascular perspective
A literature review [261] questioned the need for EPA and DHA supplementation in
vegetarians to reduce cardiovascular risk. What is the evidence indicating that by increasing
ALA intake, vegetarians would benefit from a greater reduction in cardiovascular risk? This
question is relevant and brings a statement and a question.
The statement is that vegetarians and vegans, despite their significantly lower levels of EPA and
DHA compared to those in omnivores, have fewer coronary diseases and fewer cardiac risk
factors, with reduced serum lipid levels [131], blood pressure levels [264] and subclinical markers
of atherosclerosis [264]. In addition, the adoption of a vegan diet (without EPA and DHA
supplementation) was more efficient than the diet recommended by the American Heart
Association in reducing hsCRP levels; this reduction was 32% higher in the vegan group [265,
266]. A meta-analysis of seven cohort studies including 124,706 participants showed a 29%
reduction in the risk of death from ischemic heart disease in vegetarians compared to omnivores
[266]. Another meta-analysis of observational studies showed a 25% reduction in mortality risk
in vegetarians and vegans [104]. In the section on meta-analyses at the beginning of the guide,
we describe these and other studies.

DHA is not the main element responsible for cardiovascular health, as vegetarians,
and vegans, compared with omnivores, have a 30%-40% lower DHA level and a 30%40% lower risk of death by ischemic heart disease.
The adoption of a vegan diet, despite the lower level of EPA and DHA, is superior in
the cardiovascular health context.
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The question to which we still do not have an answer is whether vegetarians who increase
their consumption of EPA and DHA sources have even greater cardiovascular protection
than they already have.
There is no direct evidence that higher intake confers greater cardiovascular protection to
vegetarians than they already have [250]. We hope to obtain more information in the future.
From a brain perspective
Some studies have attempted to associate vegetarianism with a poorer mood. One of these studies
associated “vegetarianism” with an increased prevalence of cancer, allergies and mental disorders,
even though the study subjects probably adopted vegetarianism in an attempt to improve these
preexisting diseases; it was not possible to establish cause and effect [267]. A recent systematic
review associated meat abstention with depression and anxiety, linking vegetarianism to a higher
prevalence of these conditions. This review was funded by the meat industry (Beef Checkoff,
through the National Cattlemen’s Beef Association), but the study sponsor stated that it did not
participate in the design, data collection or manuscript preparation [268]. From the practical point
of view of people who live with vegetarians, those who adopt vegetarianism due to issues related
to animal ethics and the environment do so because of a worldview that arises from disagreements
about how we should treat animals and nature. It is not surprising to find individuals dissatisfied
with these aspects of the world. However, this reflects a view of life and diet that is a consequence
of the choice not to participate in this chain of action and effect. It is not the diet that leads to
discontent in this area but rather an unwillingness to participate in practices of environmental and
ethical concern that lead to vegetarianism.
When someone changes their eating habits, it does not mean that they have simply
changed what they eat but rather that their way of relating to the world has
transformed.
Meta-analyses indicate that supplementation with EPA (with more than 60% EPA in the EPA + DHA
mixture), not with DHA, is more effective in mitigating depressive symptoms [226, 227].
Importantly, there are no problems in the efficiency of conversion of ALA to EPA in vegetarians.
Our interest lies in determining if the intake of ALA is sufficient to maintain a good level of
DHA in the brain, and evidence shows that it is [225].
Although vegetarians and vegans have a 30% to 40% lower DHA level than do omnivores [216,
256, 257], they do not have a higher rate of neurological diseases than do omnivores [269272], suggesting that the amount of DHA formed is sufficient to meet the brain’s demand.
To consume 200 mg of DHA, the amount present in various supplements on the market, a
daily intake of 2,000 mg of ALA, with a conversion rate of 10%, would be necessary, a rate
not observed in studies with labeled ALA [221]. Therefore, how can the adequate brain
supply be explained?
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As we saw earlier, the human brain’s demand for DHA is only 2.4 to 3.8 mg/day [225, 237].
Interestingly, animals fed only ALA or DHA have the same amount of DHA in the brain.
To meet the brain’s demand for DHA (2.4 to 3.8 mg/day), an adult who consumes
1700 mg/day of ALA requires a conversion rate of 0.14% to 0.22%, a very viable value
given the current findings on the conversion of labeled ALA [273].
Therefore, the lower levels of EPA and DHA found in vegans do not, by themselves, imply
inadequate intake. Having a lower level does not mean having an insufficient level.
However, we do not yet know whether a higher level can further optimize health.

2.1.10. Should vegetarians and vegans take DHA supplements?
The most recent reviews suggest that until there are more studies that evaluate the dietary intake of
vegans, including lipid fractions that contribute to the ω-6:ω-3 balance, or nutrients that may interfere
with the absorption of fats (such as fiber) or with the elongation of ALA or LA (such as trans fatty acids), it
is prudent not to suggest that vegans take EPA and/or DHA supplements unless necessary [263].
The use of EPA and DHA supplements should be restricted to individuals with special
needs, such as pregnant women, infants and individuals with innate metabolism
aberrations in which lipid chains cannot be elongated due to enzymatic changes [263].

2.1.11. Do only vegetarians need to pay attention to ALA sources?
No. Attention to ALA is almost entirely global. As the usual diet of many peoples worldwide does not
include good sources of ω-3 fatty acids, nutritional adequacy, in terms of attention to sources, is similar
for omnivores and vegetarians. For example, in the United States, 100% of an omnivorous female
population of childbearing age (11,465 women evaluated) did not meet the recommended intake, as well
as 94.48% of omnivorous pregnant women, even when taking supplements [274]. This inadequate intake
by omnivorous individuals is not restricted to North America and appears in several places that adopt
Westernized diets, such as Central and South America, Europe, Africa, the Middle East and Southeast Asia.
The countries with the best serum levels of EPA and DHA are those in the Sea of Japan, Scandinavian
countries and areas of indigenous populations that have not adopted Westernized diets [275].

2.1.12. Dietary sources
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The choice of good sources of ALA is important for nutritional adjustments. There are foods highly
concentrated in ALA that should be consumed daily to ensure good nutritional intake. Table 5.14 shows
the oils and Table 5.15 shows the seeds richest in ALA.
Table 5.14. Oils with the highest ALA content and the corresponding ω-6:ω-3 ratio
Oil (100 mL)
ω-6 content (g) ω-3 content (g)
ω-6:ω-3 ratio
Linseed oil
14.3
53.4
1 to 3.7
Canola oil
18.7
9.1
2 to 1
Soybean oil
50.4
6.8
7.4 to 1
Walnut oil
52.9
10.4
5.1 to 1
Hempseed oil
19
9.1
2.1 to 1
Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

The DHA content of algae oils is 46% [235].
Table 5.15. Oils with the highest ALA content and the corresponding ω-6:ω-3 ratio
Seed (100 g)
ω-6 content (g)
ω-3 content (g)
ω-6:ω-3 ratio
Flaxseed
5.9
22.8
1 to 3.9
Chia seed
5.8
17.8
1 to 3.1
Raw soybeans
9.9
1.3
7.6 to 1
Raw walnut
38.1
9.1
4.2 to 1
Shelled hempseed
1.3
8.9
1 to 6.8
Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

Table 5.16. shows other oils that contain less ALA and more LA and thus less ideal ω-6:ω-3 ratios.
Table 5.16. Content of omega- and omega-6 fatty acids in different oils
Oil (100 mL)
ω-6 content (g)
ω-3 content (g)
ω-6:ω-3 ratio
Sunflower oil
65.7
0.0
—
Safflower oil
12.7
0.1
127 to 1
Corn oil
53.3
1.2
46.1 to 1
Olive oil
9.71
0.8
12.8 to 1
Coconut oil
1.68
0.0 (0.02)
76.3 to 1
Peanut oil
31.8
0.0
—
Almond oil
17.4
0.0
—
Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

2.1.13. Does supplementation with microalgal DHA work?
Yes. A systematic review of four randomized controlled trials and two prospective cohort studies on
algal supplementation in vegetarians found that the consumption of DHA from algae significantly
increased the concentration of DHA (in plasma, serum, platelets and erythrocytes) as well as the ω-3 fatty
acid levels in vegetarian/vegan populations [277].
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A 200 mg dose of DHA for three months increased the DHA level in plasma phospholipids by 30%
[264]. Another study used 800 mg of microalgal DHA/day in 52 vegans and compared it with another
52 vegans who used placebo. In the group that used DHA, the ω-3 fatty acid content increased from
4.8% to 8.4%. The erythrocyte EPA content increased from 0.41% to 0.48%, reflecting a small
conversion of DHA to EPA. The DHA content in erythrocytes increased from 4.4% to 7.9% [279]. The
increase in DHA in erythrocytes was even more marked in vegans who took supplements than in
omnivores [280].
Studies with algae oil showed, despite a short intervention time, a significant increase in DHA levels
in blood and plasma [235].

2.1.14. Do not use fish oil as a source of EPA or DHA
With regard to ω-3 fatty acid sources, it is important, on a global scale, for health professionals to pay
attention to the harmful effects on the ecosystem caused by prescribing a fish source due to the scarcity
of these animals in the marine environment resulting from increasingly larger fish landings to meet
consumption needs by human (a population that continues to grow) and due to the changes in the marine
environment caused by the predatory action of humans [278-280]. Massive fishing with trawl nets, in
addition to capturing species of commercial interest, catches other marine and negatively affects the
entire marine environment. The progressive and substantial increases in the capture of global fish
populations have occurred since 1950 [281]. In 2003, there were already more than one 100 confirmed
cases of extinction of marine populations in the world’s oceans [282].
It is estimated that by 2048, if there is no change in human consumption of fish,
there will be 100% collapse of the marine environment [283].
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Fish farms are another cause of concern in this context, as fish farming does not solve this problem.
Aquaculture consists of rearing carnivorous fish (such as salmon, tuna and seabass) fed diets with high contents
of protein, meals and oils from other fish in addition to vitamin and mineral supplements, typically without ALA
or DHA added to the feed. It takes 2.5 to 5 kg of fish to produce 1 kg of farmed carnivorous fish. Fish farming is
associated with major contamination of water sources with excess nitrogen, in addition to algal proliferation and
parasite transmission from the farmed population to wild species [281, 284].
In addition to this environmental problem, carnivorous fish are heavily contaminated with methyl mercury,
polychlorinated bisphenols (PCBs) and dioxins [281]. Farmed salmon contains high levels of contamination by
organochlorines, PCBs, dioxins, toxaphene and dieldrin [285]. Exposure to mercury causes neurological damage
throughout the human body, including in cardiac conduction tissue. Mercury can also damage the liver and
kidneys when it binds to sulfhydryl groups, reducing the antioxidative capacity of the body.
The consumption of fish and fish derivatives needs to be revised because it is not a
sustainable practice [281]. There are effective alternatives to the prescription of
fish-derived EPA and DHA.
As seen in the chapter on supplementation, to supplement farmed fish with DHA, supplementation
with DHA extracted from smaller fish is necessary.
The most efficient and ecologically balanced way of obtaining EPA and DHA is through the
consumption of unicellular organisms, namely, algae. DHA used in infant formulas can be produced by the
alga Crypthecodinium cohnii. Some companies produce DHA by genetically engineering yeasts and plants
[281]. The use of algal DHA is effective in correcting low DHA levels in individuals [286].
As the use of fish oil has been widely reported as an adjunct in reducing the risk of heart disease,
current studies do not show any beneficial effect of using EPA and DHA on coronary heart disease in
individuals with high cardiovascular risk, thus nullifying their prescription.
In the context of established cardiovascular disease, a double-blind, randomized multicenter study
(STRENGTH randomized clinical trial), with a total of 13,078 patients with high cardiovascular risk,
hypertriglyceridemia, and low HDL levels, implemented an intervention of 4 g/d of ALA (containing
EPA and DHA) or corn oil, maintaining the use of statins. After 42 months of follow-up, there was no
difference in cardiovascular outcomes (cardiovascular mortality, nonfatal acute myocardial
infarction, nonfatal stroke, myocardial revascularization, or unstable angina requiring
hospitalization). The authors point to the ineffectiveness of the use of ω-3 fatty acids in reducing
cardiovascular events in high-risk patients [287].
A secondary analysis of the same study focused on the association between plasma EPA and DHA
levels and cardiovascular outcomes. Among the patients who received supplementation, those who
had higher serum EPA and DHA levels experienced no harm or benefits [288].
The 2021 Canadian Cardiovascular Society Guidelines for the Management of Dyslipidemia for the
Prevention of Cardiovascular Disease in the Adult indicated a lack of cardiovascular benefits with the use
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of ω-3 fatty acids, either in the diet or as supplements. The recommendation not to use DHA is classified
as a “strong” management recommendation with high-quality evidence [289].

2.1.15. IVU’s opinion on the consumption of omega-3 fatty acids by vegetarians/vegans
Given the aforementioned review, the IVU recommends the following for vegetarians:
1) Intake amount
— The daily ALA intake should be 2.2 to 4.4 g.
2) Optimizing the conversion of ALA into EPA and DHA
— Use concentrated ω-3 sources daily and reduce ω-6 sources to achieve an ω-6:ω-3 ratio
always lower than 10:1 and preferably 4: 1.
— Do not use products containing trans fats, such as processed foods and margarine.
— Limit the consumption of foods that are sources of saturated fat, such as coconut and palm
oil.
— Limit alcohol consumption and do not smoke.
— Maintain a healthy diet that includes the intake of sources of niacin, vitamin B 6, vitamin C
and minerals such as zinc and magnesium. The intake of these nutrients is not an issue in
vegetarian/vegan diets.
3) EPA and/or DHA supplementation
— For pregnant women and children (up to 2 years of age), because there is evidence of known
beneficial effects on neurological development and because DHA levels are difficult to
measure, and for individuals with FADS gene polymorphism, DHA supplementation is
recommended. DHA supplementation during breastfeeding increases the DHA content in
breast milk.
— The dose for pregnant and breastfeeding women should be between 200 and 300 mg/day.
— The dose for children up to 2 years of age should be 100 mg/day.
— Supplementation outside these recommendations lacks evidence of benefits. Because the is
no evidence of harm, use is possible of chosen by an individual.
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3. PROTEIN AND AMINO ACIDS
3.1. Chapter overview
—

—

—

—
—
—
—

—
—
—
—

—

The dietary sources of plant protein have low total and saturated fat contents
and higher fiber and phytochemical contents and are associated with a positive
impact on health when used to replace animal dietary sources of protein.
Population studies show that vegetarians, including strict vegetarians, consume
more protein than needed and are not at risk of amino acid and protein
deficiencies.
Studies that evaluate the quality of different protein sources do so based on the
individual study of amino acids in each food, separately. This method is not valid
for a mixed diet because the sum of amino acids in each food consumed behaves
as if it were a single different food (composed of the sum of amino acids from all
foods), from the viewpoint of amino acids.
The term “biological value” is an old and obsolete evaluation that does not reflect
the nutritional quality of a mixed diet.
Limiting amino acid is a term that does not indicate that some amino acids are
missing from plant food but, rather, a comparison with amino acids in egg whites.
Plant proteins are complete and contain all essential and nonessential amino
acids.
From a nutritional standpoint, achieving the recommended intake of all amino
acids required is necessary. There is no evidence that a balance of amino acids
similar to that in egg whites or any food of animal origin is necessary.
As cereals are usually the staple food of many cultures worldwide, lysine is the
amino acid that receives the greatest dietary attention.
The food group with the highest protein concentration is the legume group,
which also has the highest lysine content.
Soybean can be consumed without risk and with possible benefits for those who
like to eat it.
From a protein standpoint, in a well-planned omnivorous diet (with only one
portion of meat, or 190-kcal), meat is not a necessary element for obtaining
proteins and amino acids and can be excluded (even without substitution)
without risk of deficiency.
From a protein standpoint, meat and eggs should be replaced by legumes.
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—

The consumption of cereals and legumes is an excellent combination for
obtaining protein. This combination does not need to be consumed at all meals,
and there is no need for a planned ratio between these food groups.

The consumption of plant-based proteins will increase in the coming years for several reasons: the
increase in the vegetarian population, an omnivorous population increasingly aware of the beneficial
effects of a plant-based diet, the recognized harm of saturated fat consumption (associated with animal
sources of protein), the recognition of the negative impact of meat production on the environment, the
recognition of ethical issues (treatment of animals) and the popular view that protein is an important
macronutrient [290].
A prospective cohort study with 237,036 men and 179,068 women aged between 50 and 71 years
and followed up for approximately 16 years evaluated 77,614 deaths. The replacement of only 3% of
animal protein with plant protein was associated with a 10% reduction in all-cause mortality in men and
women [291]. This result is consistent with a recent systematic review and meta-analysis that evaluated
the positive impact of plant protein intake on the risk of mortality and found that the choice for plant
protein sources favors longevity [111].
The negative environmental impact of an increase in animal origins of protein is undeniable. For the
production of 1 kg of high-quality animal protein, it is necessary to feed livestock 6 kg of plant protein;
this has a substantial impact on terrestrial resources (deforestation, soil erosion) and water resources
(high consumption and contamination by animal wastes) and increases carbon emissions (via
deforestation or animal belching) [292, 293].
Meat substitutes trend for commercial purposes
The search for options to replace animal meat has encouraged the development of two types of
products: “plant-based meats” (such as veggie burgers) and “laboratory-grown meat” produced by
culturing animal cells.
When comparing traditional meat production with laboratory production, the latter requires more
energy consumption but emits much less carbon, causes much less eutrophication, and requires
considerably reduced land space. “Veggie meats” require less energy consumption and cause less
carbon emission and less eutrophication and require less land use than do laboratory-produced
meats [294].
In this scenario, the consumption of plant protein should be encouraged, and health professionals
need to understand how to do so confidently. Thus, we begin our assessment by evaluating dietary
proteins and later amino acids.
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3.2. Protein intake by vegetarian populations
We begin our evaluation with what we found in groups of vegetarians and then discuss the quality of
the protein ingested.
In several studies, protein intake ranged from 12% to 13.8% of the TCV in both ovo-lacto vegetarians
and vegans. In the same studies, the protein intake by omnivorous populations was 14.8% to 17.6% of
the TCV [146, 147, 213-216, 295-297]. For the Eco-Atkins diet, protein intake by strict vegetarians reached
31% of the TCV, indicating numerous possibilities for dietary nutritional adjustments [217].
With the exclusion of meat, eggs and dairy products, the theoretical concern with protein intake by
strict vegetarians is even greater. Table 5.17 shows the percentage of energy ingested as protein in some
population studies, noting that the recommended minimum percentage is 10%.
Table 5.17. Percentage of protein intake by strict vegetarians in several studies (adapted from [298]).
% energy as
Strict vegetarians
Study
Reference
protein
(n)
EPIC-Oxford
13.1
803
[297, 299]
(United Kingdom)
NutriNet (France)
12.8
789
[297]
AHS-2 (United States)
14.1
5694
[300]
Belgian study
14.0
102
[301]
Danish study
11.1
70
[302]
The vegetarian population consumes less protein than the omnivore population but consumes more
than necessary and is not at risk of protein malnutrition.
There is no evidence of protein deficiency in vegetarian populations in Western
countries [301].
Low protein intake in vegetarians can occur only due to dietary errors, a condition that may arise as
a result of any unplanned diet.

3.3. If we consume enough calories, we usually consume enough protein
One way to evaluate the safety of a vegetarian diet with regard to the protein content in plant foods
is to compare the caloric value of the protein relative to the total caloric value of the food. To illustrate
this calculation, 100 g of raw oats contains 17 g of protein; that is, in 395-kcal (100 g of oats), there is 68kcal of protein (17 g × 4-kcal). This corresponds to 17% of the total caloric value. Thus, if eating only oats
until reaching the recommended energy intake, an individual will consume 17% of the TCV as protein,
well above the protein requirement (10% of the total caloric value).
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The complete calculations used in this chapter are available in Appendix 1, taken from Table SR28 of
the United States Department of Agriculture [303]. Table 5.18. presents this calculation for the different
food groups.
Table 5.18. Percent protein value of different food groups relative to the total calories in the food
Percent protein value relative to total
Food group
kilocalories
ANIMAL ORIGIN
Crustaceans
85.5
Fish
69.1
Turkey
61.5
Chicken
56.6
Pork
54.5
Beef
47.5
Eggs
38.4
Cheeses
29.71
Milk and yogurt
27.37
Lunch meats
25.7
PLANT ORIGIN
Soybean derivatives
54.1
Tofu
37.8
Mushrooms
24.4
Legumes
24.0
Leafy vegetables
21.7
Vegetables
12.3
Whole-grain cereals
11.4
Whole-grain cereal derivatives
11.31
Nuts
10.5
Refined cereals
9.11
Starchy foods
5.73
Fresh fruits
4.9
Dried fruits
3.3
Oils
0.0
Sugar
0.0
When evaluating the table above, it is easy to understand why it is very difficult to meet the
recommended daily energy intake without also meeting the recommended protein intake, as most foods
exceed the 10% required. In the natural state, only starchy vegetables (potato, yam, cará, cassava, etc.)
and fruits do not contain 10% of energy value in protein, with refined cereals containing 9.11% of
kilocalories as protein. The two foods modified by humans (oils and sugar) do not contain protein.
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Because animal products are high in protein (and fat), to maintain the traditional distribution of
dietary carbohydrates between 45% and 65% of ingested kilocalories, it is necessary to consume foods
with high carbohydrate contents (and low fat and protein contents) or significantly restrict the
consumption of animal foods in an omnivorous diet.
Notably, some foods listed in the table give the mistaken impression of being excellent plant protein
sources; however, they are not because they are too bulky for the consumption of an appreciable amount
of protein; that is, they are low-energy-density foods. In mushrooms, 24.4% of the kilocalories are protein,
but there are approximately 2.6 g of protein in 100 g of fresh and raw mushrooms — totalling only 29kcal. The same occurs in leafy vegetables, which, despite containing 21.7% protein, contain 2.1 g of protein
in 100 g of raw product, equivalent to 24-kcal. In other words, as an illustrative calculation, to consume
1,500-kcal, it would be necessary to eat 5.2 kg of mushrooms or 6.3 kg of leafy vegetables. If this were
possible, the protein intake would total 134 g for mushrooms and 131 g for vegetables.
Some foods are erroneously considered to have higher protein concentrations. Quinoa, nutritionally
classified as a cereal, has a protein content similar to that of other cereals. The protein content in spirulina
powder should also be viewed with caution; as seen in the table, it contains 66.7 g of protein in 100 g of
product. However, when encapsulated, each capsule may contain 1,100 mg of powder, corresponding to
0.73 g of protein. For pressed spirulina, some tablets contain 0.5 g of powder, providing only 0.33 g of
protein. Thus, these foods contain protein, but not in high amounts, when considering how much we are
able to consume.
To consume 1,500-kcal from legumes, it would be necessary to eat 423 g (which, when cooked, can
triple in volume) to provide 104 g of protein. For this same kilocaloric intake, 426.1 g of cereals would
have to be eaten, which would provide 51.1 g of protein. For nuts, 1,500-kcal is equivalent to 247.5 g,
providing 44 g of protein.
Among plant protein sources, the highest caloric density is found in cereals, legumes, and nuts. As
nuts are very energy dense, a dietary base consisting of cereals and legumes as priority energy and protein
sources is the safest recommendation for the general population.
Adjustments and changes in the prescribed amount of each food group should be made at the
discretion of health professionals based on the needs of each individual.
There is no issue regarding the consumption of enough protein in a vegetarian diet, including a strict
vegetarian diet; however, the following question must be asked: Is this protein of good quality?

3.4. Protein quality
For humans, for a protein to be considered of good quality or complete, there are two criteria:
1) an adequate level of all essential amino acids (to support growth and development); and
2) readily digestible and absorbable.
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Table 5.19 shows the classification of amino acids.

Essential
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

Table 5.19. Amino acids based on their classification.
Nonessential
Conditionally essential
Alanine
Arginine
Aspartic Acid
Cysteine
Asparagine
Glutamine
Glutamic Acid
Glycine
Serine
Proline
Tyrosine

Across the years, several methods have been developed to evaluate proteins, but amino acid scoring
is the most recommended strategy by FAO and by the United States National Academy of Sciences [304,
305].
From a nutritional standpoint, nitrogen is present in protein but not in carbohydrates or fat.
Therefore, when discussing nitrogen, we are referring to a protein marker. Protein evaluation methods
and their characteristics are presented in alphabetical order in Table 5.20.
Table 5.20. Definitions and basic concepts related to the evaluation of protein in foods.
Topic
Definition
Comments
Limiting amino
The amino acid with the lowest The limiting amino acid is not an amino acid absent in food. It
acid
score by comparison with the
is called limiting because it is found at a lower proportion
amino acid content in egg
when compared with the amino acid content in egg albumin,
albumin.
a food that promotes maximum growth in animals. It is
important to note that the evaluation of amino acids and
growth in animals does not apply to humans because the
demands for feather and fur growth have distinct amino acid
requirements.
Nitrogen balance The difference between the
The only method that generates sufficient information to
nitrogen ingested and excreted assess the protein requirements of humans [306].
by all pathways (skin, feces and
urine).
Protein efficiency The ratio between weight gain
A measure without clinical value for humans because its
ratio
and protein intake by an animal. effects are observable only in the medium and long term. In
addition, the fact that excess protein is converted into
energy and not into lean mass leads to misinterpretations in
the development of dietary plans.
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DIAAS –
digestible
indispensable
amino acid score

Digestibility

PDCAAS –
protein
digestibilitycorrected amino
acid Score

Chemical score

Assessment method
recommended by the FAO
to replace the PDCAAS
[307].
DIAAS % = 100 x lowest value
[(mg of digestible dietary
indispensable amino acid in 1 g
of the dietary protein)/(mg of
the same dietary indispensable
amino acid in 1 g of the
reference protein)]
Difference between the
nitrogen ingested and excreted
in feces. It indirectly assesses
the amount of protein from
food that can be absorbed, i.e.,
available nitrogen.
Ratio of the limiting amino acid
in 1 g of the tested protein
divided by the same amino acid
in the reference protein (egg
albumin). The resulting value is
multiplied by the actual
digestibility of the food.
PDCAAS = [(mg of the limiting
amino acid in 1 g of the tested
protein)/(mg of the same amino
acid in 1 g of the reference
protein)] x actual fecal
digestibility
The value obtained and
multiplied by 100 represents
the percentage.
Compares the amino acid
composition of a protein or
diet with a specific reference
protein (egg albumin).

Evaluates the actual digestibility of essential amino acids, as
the nitrogen is determined by ileal, not fecal, measurement.

The digestibility of plant proteins is considered lower than
that of animal protein for most foods. However, the
determination of the nitrogen content that reaches the
terminal ileum and not the feces is a more reliable
evaluation because fecal nitrogen may also originate from
colonic bacteria and digestive secretions, being falsely
computed as nonabsorbed protein.
A more adequate evaluation method than the biological
value, but it has the limitation of comparing one food with
another and not with the human requirement for amino
acids.
According to the FAO, the major limitation of this method is
the inability to evaluate the actual bioavailability of amino
acids. The DIAAS replaced the PDCAAS.

This comparison is made between foods and not human
requirements.
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Biological value

Difference between the
nitrogen absorbed and excreted
in urine. It indirectly assesses
the retention of amino acids by
tissues for growth and
maintenance.

Biological value is not an adequate measure for the
evaluation of the protein quality of a mixed diet because it
evaluates the foods consumed separately, and what matters
is the biological value of the sum of meals (summing all their
amino acids) and not of foods separately.

In 1989, the FAO and the World Health Organization (WHO) recommended the use of the protein
digestibility–corrected amino acid score (PDCAAS) as an evaluation method; it has been used for decades,
including in place of the biological value. This method evaluates protein digestibility, with the caveat that
it was developed based on fecal excretion in rats (animals with a large amount of fur and an amino acid
requirement different from that of humans). In this method, rats were given a protein-free diet, and the
amount of fecal nitrogen, representing the excretion of nitrogen from digestive secretions and bacterial
cells, was determined. Knowing this amount, after supplying a diet containing protein, the amount of fecal
nitrogen was determined, subtracting what was excreted in the feces when there was no protein in the
diet. Therefore, what was believed to be nitrogen derived only from the diet was determined [290].
In 2011, the FAO updated this concept with a new method called the digestible indispensable amino
acid score (DIAAS), which had some small but important differences from the PDCAAS. One difference
was a review of the actual amino acid requirements of humans, and another was the evaluation of the
presence of fecal nitrogen through the collection of feces from the terminal ileum by ileostomy, either in
animals or in humans. The DIAAS allows obtaining a score above 1.00 (or 100%), suggesting additional
health benefits [290].
From the point of view of protein evaluations by either the PDCAAS or DIAAS, animal protein has a
higher quality than plant protein, which gives the false impression that plant protein is not good or
sufficient for human health.
The PDCAAS and DIAAS are very important when a diet consists of a single food as the protein source, as
occurs in enteral nutrition, when a company chooses to use only one protein source, such as milk or soy.
These methods are not adapted to the reality of combining food groups that
characterizes a mixed diet, which is recommended as a healthy eating model
because it includes foods from different food groups in the same meal.
To better understand the inadequacy of these methods, which are based on the analysis of separate
foods, let us compare what occurs with the glycemic index of foods. When evaluating cooked potato eaten
alone, the glycemic index will be infinitely higher than that for pure oil, which does not contain
carbohydrates. When eating potatoes with oil, the glycemic index will be lower than that for eating
potatoes alone because oil slows gastric emptying and reduces the rate of the appearance of glucose in
the bloodstream. Thus, although potato is a food and oil is another, the sum of the two behaves as a third
food in terms of its characteristics.
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Biological value

Similarly, the consumption of oats (cereal) or chickpeas (legume) alone has a specific amino acid
profile. If oats are mixed with chickpeas, the result is the sum of the amino acids in these two foods, as if
a third food had been formed, from the point of view of amino acid evaluation. Table 5.21 compares the
amino acid profile of 10 g of oat protein with 10 g of chickpea protein and 10 g of protein from this mixture
(5 g of oat protein and 5 g of chickpea protein).
Table 5.21. Aminogram of essential amino acids from oats and chickpeas alone and combined
Food

Protein
(g)

Tryptophan
(mg)

Threonine
(mg)

Isoleucine
(mg)

Leucine
(mg)

Lysine
(mg)

Methionine
(mg)

Phenylalanine
(mg)

Valine
(mg)

Histidine
(mg)

Oats

10

138

340

411

760

415

185

530

554

240

Chickpeas

10

98

374

430

715

672

132

538

422

276

Oats +
Chickpeas

10
(5 g of
each)

118

357

420

737

543

158

534

488

258

Thus, the evaluation of the aminogram of a mixed diet will always be altered by the inclusion or
exclusion of any food. Therefore, the analysis methods are flawed in the evaluation of mixed diets.
The lack of understanding of these concepts leads to incorrect conclusions regarding plant protein.
Additionally, regarding protein and amino acid nutrition, it is worth emphasizing seven important aspects
of protein for human use, described in Table 5.22.
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1)

2)

3)

4)

5)

6)

7)

Table 5.22. Myths and facts about plant protein [308].
Myths and facts about plant protein
Plant proteins are incomplete (lack specific amino acids).
Fact: Some foods may be low in one or more specific amino acids. The
combination of foods from different groups provides all the amino acids in
optimal amounts.
Plant protein is not “as good” as animal protein.
Fact: Quality depends on the source of the plant protein or its combination.
Plant protein may be equal to or better than animal protein.
Protein from different plant foods must be consumed together in the same
meal to achieve high nutritional value.
Fact: Amino acids do not all need to be consumed in the same meal. The greater
importance is to consume them throughout the day.
Animal-based methods to determine nutritional protein requirements are
adequate for determining nutritional protein requirements for humans.
Fact: These methods usually underestimate the nutritional quality of proteins
because the protein requirements and the speed of their use are very different
from humans and other animals.
Plant protein is not well digested.
Fact: Digestibility varies based on the source and preparation of plant protein.
The digestibility of plant protein may be as high as animal protein for some
foods.
Without meat, eggs or dairy products, plant protein is not sufficient to meet
the human need for amino acids
Fact: The intake of essential amino acids can be easily achieved only with plant
protein or in combination with animal products (eggs, milk and cheese).
The amino acid content in plant protein is imbalanced, limiting its nutritional
value
Fact: There is no evidence that this balance is important. What matters is that
the recommended intake of all amino acids is achieved throughout the day.
Imbalance may occur due to inadequate amino acid supplementation, but this
is not a common practical problem.

To the seven items listed above, it is important to add the fact that there is no essential amino acid
that is not present in an optimal amount in the plant kingdom, as we will see below.
The classical evaluation of comparing protein quality alone is an erroneous practical
approach. The terms complete protein and incomplete protein are wrong [305, 309].
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According to the results of a meta-analysis, the incorporation of plant protein in the human body is
not different from that of animal protein [310]. Studies of protein requirements do not support the
recommendation of different amounts of protein intake for vegetarians and nonvegetarians [306].
The fear of protein deficiency when adopting a vegan diet is not scientifically
supported [301].

3.5. Little discussed positive aspects of plant protein
The higher content of conditionally essential amino acids is a positive aspect of plant-based foods and
has rarely been discussed because both the PDCAA and DIAAS focus only on essential amino acids.
The focus of studies on whey protein is muscle mass gain due to its high content of leucine, an amino
acid important for stimulating muscle hypertrophy. Interestingly, the reduction in leucine and histidine
levels in a plant-based diet, in a controlled study, showed a better effect on body composition, with a
greater reduction in adipose tissue and insulin resistance [311].
Soy protein is not as rich in leucine as whey, but it is rich in arginine, has 2 to 3 times more glutamine
and has twice as much glycine. The same is true for other plant protein [290].
Arginine is necessary for the synthesis of nitric oxide (vasodilator effect) and creatine, which are
important elements in physical performance. Arginine is also important in the urea cycle, in the regulation
of hormone secretion and in immune function [312].
Glutamine is a primary fuel for rapid cell proliferation, such immune cell and gastrointestinal tract
cells, and for the synthesis of arginine, ornithine and various other compounds [312, 313].
Glycine is essential for the synthesis of collagen, accounting for more than ⅓ of its amino acids. Some
studies suggest that glycine biosynthesis in humans may be insufficient to meet demand [314-317].

3.6. Soybean
Soybean is a food that may be present in the diet but is not mandatory. It is important to consume
any legume, a more concentrated plant source of protein, especially lysine. Of protein-rich foods, soybean
is one of the richest, and its consumption, although optional, can be very beneficial.
For many years, there has been concern on the part of some researchers regarding soybean
consumption and possible hormonal effects. Sufficient good quality studies are available for a solid
scientific position on the subject. We provide a more detailed explanation in the table below.
Soy and sex hormones
As the chemical structure of isoflavones is similar to that of human estrogens, there was concern
that soy would affect the hormonal balance of both sex and thyroid hormones.
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In 2005, it was found that the intake of 32 g/day of soy protein for 57 days caused minimal changes
in androgens, represented by a small reduction in the dihydrotestosterone (DHT) level and the
DHT/testosterone ratio [318].
In 2010, a study with adult men who consumed milk protein isolate, low-isoflavone soy protein
isolate or high-isoflavone soy protein isolate for 57 days showed that the consumption of soy protein
with high or low isoflavone content did not affect semen quality (volume, concentration, count,
mobility or morphology) [319].
In 2010, a meta-analysis of 15 placebo-controlled studies showed that the intake of 60 g/day of soy
protein did not cause a significant change in the levels of total and free testosterone or sex
hormone–binding globulin (SHBG) in men [320].
In 2015, the European Food Safety Authority conducted a comprehensive evaluation of the safety
of isoflavone supplements in peri- and postmenopausal women and found that daily doses of 35 to
150 mg of isoflavone did not increase the risk of breast cancer and did not alter endometrial
thickness or uterus histopathology over 30 months and did not cause any change in thyroid
metabolism [321].
Because some types of breast cancer are estrogen-dependent, the effect of phytoestrogens has
been extensively researched.
By 2016, it was already clear that the consumption of soy-based foods did not increase breast cancer
risk or mortality [325].
A meta-analysis published in 2016 and two in 2019 showed that soy consumption is associated with
a reduced risk of breast cancer and improved survival in women with breast cancer [322, 323].
Soy-based foods do not increase the risk of primary breast cancer. Additionally, the consumption of
a soy-rich diet by women with breast cancer is associated with a 25% reduction in recurrence and a
15% reduction in mortality. A protective effect of soy occurs in estrogen-dependent or nonestrogen-dependent tumors, but a protective effect against recurrence is greater in non-estrogendependent (36% reduction) than estrogen-dependent (19% reduction) tumors [324, 325]. Since
2012, the American Cancer Society has encouraged the consumption of soy by breast cancer
survivors [326].
Soy and the thyroid
The concern that soy consumption alters thyroid function was raised by pediatricians in 1959 [331].
In 1960, the occurrence of goiter in an infant who consumed soy-based formula was described [332].
The hypothesis was that isoflavones inhibited thyroid peroxidase, impairing iodine organification by
making it difficult for it to bind with thyroglobulin in the thyroid colloid. In rats, thyroperoxidase
activity was reduced by 50% when they were fed a soy-based diet [333]. We will dive deeper into
thyroid metabolism in the chapter on iodine.
In 2019, a meta-analysis of 18 studies showed that soy consumption does not alter in thyroid
hormone levels; however, the authors found a small increase in TSH levels in some studies, but
without clinical relevance [327].
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Soybean consumption had no negative effects in individuals with iodine sufficiency. In individuals
with hypothyroidism undergoing levothyroxine replacement treatment, some case studies have
shown that soy-based foods can interfere with the absorption of exogenous levothyroxine;
however, soy intake is still acceptable because this hormone replacement can occur during fasting
and, if necessary, the dose of levothyroxine can be increased [328, 329].
In 2021, a technical review evaluated 417 studies and concluded that isoflavones (phytoestrogens)
do not cause hormonal changes and cannot be classified as endocrine disruptors [330].
Based on extensive scientific research, the IVU endorses the safety of the use of
soybean and its derivatives for those who like to eat it, noting that its consumption is
not necessary for amino acid intake by vegetarians who eat other legumes.
Its consumption provides several health benefits.

3.7. There is no evidence of protein deficiency in vegetarians
Studies that evaluate protein intake have shown adequacy in vegetarians.
Laboratory studies corroborate this finding, showing optimal levels of serum albumin. No difference
was found in albumin levels between omnivores and vegetarians [331, 332], and one study indicated a
slightly higher albumin level in strict vegetarians [333].
Regarding urea levels, a marker of dietary protein intake (when renal function is preserved), values
were found to be within the normal range, although lower in strict vegetarians, which is expected because
their protein intake is adequate but lower than that of omnivores [333].
Another study evaluated the renal function of 269 vegetarians (26% strict vegetarians and 74% ovolacto vegetarians) and 269 omnivores and observed a better glomerular filtration rate in vegetarians
[334]. Additionally, in this study, a lower urea level was found in vegetarians, who had an adequate level
of creatinine, a condition that indicated a lower protein intake than that of omnivores.
These data corroborate previous data and show that vegetarians eat more protein than they need
and that, from a population standpoint, omnivores eat more protein than vegetarians. Notably, this
changes based on diet composition.
After addressing the question of protein adequacy, we deepen our understanding of amino acids.

3.8. Amino acids in vegetarian diets
The measurement of amino acids is more accurate than that of proteins when evaluating the
nutritional safety of a diet. However, there is a shortage of nutritional tables that show the amino acid
content in foods from different countries. Most health professionals complete their undergraduate or
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even their graduate education without ever checking the amino acid content of plant foods, given the
misconception that a limiting amino acid is an amino acid that is lacking in foods.
To further explore this topic, we used Table SR28 provided by the United States Department of
Agriculture, found in Appendix 1 [303].

3.8.1. Amino acid requirements
The amino acids requirements for humans [335] are shown in Table 5.23.
Table 5.23. Amino acid requirements for adult humans
Essential amino acid
EAR (in mg/kg/d)
RDA (in mg/kg/d)
Histidine
11
14
Isoleucine
15
19
Leucine
34
42
Lysine
31
38
Methionine + cysteine
15
19
Phenylalanine + tyrosine
27
33
Threonine
16
20
Tryptophan
4
5
Valine
19
24
EAR = estimated average requirement; RDA = recommended dietary allowance

3.8.2. Plants contain all amino acids
Vegetable’s proteins are complete

Comparing the amino acid content in 100 g of a food would be difficult because 100 g of meat has
much more protein than 100 g of starchy vegetables, for example. Therefore, for the purpose of
understanding protein composition, Table 5.24 provides the amino acid content of 1 g of protein from
different food groups. The calculations were performed using Table SR28 [303] and are available in
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Appendix 1. The table shows only the essential amino acids, with the inclusion of cysteine and tyrosine,
to evaluate adequacy.

Tryptophan

Threonine

Isoleucine

Leucine

Lysine

Methionine

Cysteine

Methionine +
Cysteine

Phenylalanine

Tyrosine

Phenylalanine +
Tyrosine

Valine

Histidine

(g)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

Whole-grain
cereals

1.0

12

32

38

76

34

18

20

38

48

30

78

48

24

Whole-grain
cereal
derivatives

1.0

13

34

34

72

37

17

22

39

46

27

73

47

23

Refined
cereals

1.0

12

32

40

77

28

19

22

41

51

31

83

52

23

Starchy
vegetables

1.0

12

34

31

49

47

15

13

28

40

22

63

47

18

Legumes

1.0

12

39

45

79

68

12

13

25

54

32

86

50

28

Soybean
derivatives

1.0

14

40

49

80

64

13

14

27

53

37

90

49

27

Leafy
vegetables

1.0

13

39

42

61

50

13

11

24

37

24

61

48

17

Vegetables

1.0

10

37

33

49

44

11

13

24

33

23

56

39

18

Mushrooms

1.0

14

45

35

54

54

13

7

20

39

27

66

61

24

Nuts

1.0

14

36

42

75

37

24

17

41

53

33

85

52

27

Fresh fruits

1.0

9

31

30

50

46

12

9

21

29

21

51

39

18

Cheeses

1.0

15

40

52

95

83

26

6

32

51

53

104

67

32

Milk and
yogurt

1.0

11

44

55

98

84

27

9

36

50

49

99

73

26

Eggs

1.0

16

49

55

88

72

34

22

56

57

43

100

69

25

Cold

1.0

10

44

48

75

82

23

11

34

40

31

72

46

32

Beef

1.0

9

44

46

82

88

27

12

38

40

35

75

50

34

Chicken

1.0

10

42

45

79

83

25

12

37

39

34

73

47

27

Fish

1.0

11

44

46

81

92

30

11

40

39

34

74

52

29

Pork

1.0

12

44

47

81

89

27

12

39

41

37

78

52

40

Turkey

1.0

11

41

41

75

87

27

10

38

37

34

71

44

29

Crustaceans

1.0

13

40

48

81

89

28

11

40

43

34

77

47

21

GROUP

Protein

Table 5.24. Average content of essential amino acids in 1 g of protein in different food groups

All plants have all 20 amino acids, including the essential nine [336].
There is no amino acid absent in the plant kingdom. The term “limiting amino acid”
refers to a comparison of amino acids with those in egg whites, not with their
presence or absence in the food.
Amino acid intake, including via vegan diets, easily exceeds the body’s requirement [298].
As an example, the calculation of the amino acid intake by participants in the EPIC-Oxford study showed that
the lysine intake by ovo-lacto vegetarians was 58 mg/kg and that by strict vegetarians was 43 mg/kg [298].
Importantly, this value exceeds, with a wide buffer, the 31 mg/kg EAR (estimated average requirement) as well
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as the 38 mg/kg RDA (recommended dietary allowance). In terms of nutritional concepts, the evaluation of
populations is performed using the EAR, and that of individuals is performed using the RDA.
Regarding amino acids, methionine is not a limiting amino acid for protein synthesis [308]. The only
amino acid that requires attention in some cases is lysine because it is the amino acid found at the lowest
content in cereals, the base of the diet of the majority of the world’s population. However, even in cerealbased diets, lysine is not usually a significant limiting factor for protein synthesis [337].
A 2,100-kcal diet planned for a man weighing 70 kg, if it exclusively contains whole grains (which has
the lowest lysine content), will provide 71.6 g of protein in a total of 14 servings of 150-kcal each,
corresponding to 1.02 g/kg/day. In this diet, the required lysine content is 2,660 mg (RDA), and this
individual will consume 2,470 mg.
Even when consuming only the food group with the lowest lysine content, the amount remaining to
reach the RDA is only 190 mg. As a safety measure, when vegan diets do not contain much variation in
food groups, it is always appropriate to include legumes because they have a higher lysine content.
Thus, in the same individual who consumes a 2,100-kcal but with four spoons of cooked beans (110kcal total) and 13.26 servings of cereals (1,990 kcal), the required lysine content is 2,660 mg per day; he
consumed 2,341 mg of cereals and 524 mg of beans, for a total of 2,865 mg of lysine.
Thus, a small inclusion of legumes can significantly increase the supply of lysine.
If a diet is based on oils, sugars, starchy vegetables and fruits, in which less than 10% of kilocalories
are from protein, it would be necessary to include a larger amount of protein-rich foods.
In general, as a measure of population nutritional security, the presence of legumes in at least two
main meals is important to optimize the supply of protein and lysine in a vegan diet. It is up to the health
professionals to make changes to the composition of menus to better adjust the portions based on the
needs of each individual.
The IVU thus advises that in a vegan diet, the legume group should be included in at
least two main meals, occupying ¼ of the dish.
Legumes do not need to be consumed only in the form of the classic culinary preparation of cooked
beans. Preparations such as soups, creams, purees, meatballs, hamburger patties, pastes (hummus and
tofu) and salads help to include this food group in the diet.
It is important that legumes always undergo heating or germination prior to consumption, as this
substantially reduces the effect of antinutrients (see the corresponding topic at the end of this guide).
To aid health professionals, Table 5.25 provides the average lysine content found in 100-kcal of each food
group consumed by ovo-lacto vegetarians and, consequently, also by strict vegetarians.
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Table 5.25. Average lysine content in 100-kcal of the different food groups
Food Group
Lysine content (mg) in 100-kcal
Soybean derivatives
Tofu
Eggs
Cheeses
Milk and yogurt
Legumes
Mushrooms
Leafy vegetables
Vegetables
Whole grains
Nuts
Starchy vegetables
Refined cereals
Fruits

1,002.0
716.6
534.97
530.8
497.2
476.1
472.4
429.2
184.4
117.6
109.7
86.2
65.4
59.1

3.8.3. Adequacy of amino acids in practice
To illustrate what has been discussed thus far, let us look at a dietary plan for a man weighing 70 kg with a
daily requirement of 2,100-kcal (30-kcal/kg/day) and 56 g/day of protein (0.8 g/kg/day). The essential amino acid
requirement was calculated based on the requirement for each amino acid per mg/kg/day.
This nutritional requirement appears in the last row of Table 5.26, which shows a well-balanced
omnivore menu.

Valine

Histidine

Phenylalanine
+ Tyrosine

Methionine +
Cysteine

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

1,163

1,347

2,716

1,236

1,371

2,788

1,732

872

Legumes

55

3.8

46

150

172

303

262

95

328

192

109

Fresh fruits

210

2.8

26

86

83

138

126

58

139

108

51

Leafy vegetables

15

0.6

6

23

21

31

28

15

35

25

12

Lysine

(mg)

437

Leucine

(mg)

Isoleucine

(g)
35.8

Threonine

Tryptophan

(kcal)
1,050

Whole grains

Energy

Protein

Food Group

Table 5.26. Well-balanced omnivore menu

Vegetables

30

2.6

33

99

108

157

129

61

156

124

44

Milk and yogurt

360

21.2

233

927

1,170

2,084

1,785

753

2,096

1,542

550

Beef

190

18.4

175

801

838

1,515

1,616

704

1,377

914

623

Oils

73

0.0

0

0

0

0

0

0

0

0

0

Sweets

110

0.0

0

0

0

0

0

0

0

0

0

TOTAL

2,093

85.1

955

3,250

3,740

6,943

5,180

3,057

6,920

4,637

2,260

Calculated
requirement

2,100

56.0

350

1,400

1,330

2,940

2,660

1,330

2,310

1,680

980
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Note that the prescribed protein level exceeds the daily requirement by 51%. All amino acids are
covered, with a wide buffer. Cereals account for 35.8 g of protein, which is almost the same content as
the sum of meat and milk and yogurt (39.6 g).
Based on Table 5.26, it is simple to determine, from a nutritional standpoint, that the exclusion of
meat, without replacing it with anything, will reduce the protein content in the menu by 18.4 g, resulting
in 66.7 g of protein, which still exceeds the daily requirement of 10g. The lysine content decreases to
3,564 mg, but this value is still well above the required 2,660 mg; all other amino acids are also above the
required values.
In a mixed menu with 190kcal of meat (equivalent to a 65–100 g portion), the
exclusion of meat, without replacing it with another protein source, does not
negatively impact the ability to meet protein or amino acid requirements.
When meat and dairy products are excluded from the diet, they are replaced by other plant foods
that also contain a significant amount of protein.
There is concern that vegetarians consume excess carbohydrates derived from breads and pasta.
Therefore, in Table 5.27, meat and dairy products are excluded and replaced primarily with cereals to
assess whether this is a problem.
Table 5.27. Menu with animal foods replaced with cereals
Food Group

Whole
grains

Energy

Protein

Tryptophan

Threonine

Isoleucine

Leucine

Lysine

Methionine
+ Cysteine

Phenylalanine
+ Tyrosine

Valine

Histidine

(kcal)

(g)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

1,500

51.2

624

1,661

1,925

3,880

1,765

1,959

3,983

2,474

1,245

Legumes

110

7.7

92

300

345

606

524

191

656

385

217

Fresh fruits

280

3.7

35

114

110

184

168

77

186

145

68

Leafy
vegetables

45

1.9

18

70

63

92

84

45

106

75

35

Vegetables

60

5.1

65

198

217

314

257

123

312

248

89

Milk and
yogurt

0

0.0

0

0

0

0

0

0

0

0

0

Beef

0

0.0

0

0

0

0

0

0

0

0

0

Oils

73

0.0

0

0

0

0

0

0

0

0

0

Sweets

0

0.0

0

0

0

0

0

0

0

0

0

TOTAL

2,068

69.5

834

2,344

2,659

5,075

2,798

2,394

5,243

3,326

1,654

Final
requirement

2,100

56.0

350

1,400

1,330

2,940

2,660

1,330

2,310

1,680

980

Even with the increase in cereals, the total protein exceeds the 13.5 g daily requirement. Whole grains
alone provide 51.2 g of protein. The lysine content is slightly above the calculated requirement, given that
the menu included only 110-kcal of legumes (approximately four tablespoons of beans cooked without
broth).
As a safety factor, we suggest an increase in the amount legumes included in the diet, as indicated in
Table 5.28, in which meat and dairy products are replaced with more legumes.
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Table 5.28. Menu with animal foods replaced with more legumes
Food Group

Whole
grains

Energy

Protein

Tryptophan

Threonine

Isoleucine

Leucine

Lysine

Methionine
+ Cysteine

Phenylalanine
+ Tyrosine

Valine

Histidine

(kcal)

(g)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

(mg)

1,200

40.9

499

1,329

1,540

3,104

1,412

1,567

3,186

1,979

996

Legumes

440

30.6

368

1,202

1,379

2,424

2,096

763

2,623

1,538

870

Fresh fruits

280

3.7

35

114

110

184

168

77

186

145

68

Leafy
vegetables

45

1.9

18

70

63

92

84

45

106

75

35

Vegetables

60

5.1

65

198

217

314

257

123

312

248

89

Milk and
yogurt

0

0.0

0

0

0

0

0

0

0

0

0

Beef

0

0.0

0

0

0

0

0

0

0

0

0

Oils

73

0.0

0

0

0

0

0

0

0

0

0

Sweets

0

0.0

0

0

0

0

0

0

0

0

0

TOTAL

2,098

82.3

985

2,913

3,308

6,117

4,017

2,574

6,414

3,985

2,057

Final
requirement

2,100

56.0

350

1,400

1,330

2,940

2,660

1,330

2,310

1,680

980

The final total protein content was only 2.8 g lower than that in the diet with meat and dairy products.
The lysine content exceeds the requirement, with a wide buffer. Cereals are the food group that provides
the most total protein, and legumes are the group that provides the most lysine. This menu contains 440kcal legumes, which is equivalent to approximately 16 tablespoons of cooked legume grains, without
broth, which can be distributed throughout the day, such as two tablespoons at breakfast (tofu paste), six
at lunch (black beans), three at afternoon snack (hummus) and five at dinner (lentils). Alternatively, the
serving can be distributed as one full ladle of cooked legumes, without broth (only the grains), for lunch
and another for dinner.

3.9. Swapping meat for legumes
Due to their higher nutritional density, protein concentration and lysine content, legumes are a food
group that should be substituted for meat. Because a typical omnivorous diet with 190-kcal of meat
surpasses the recommended protein level (as we saw in the previous section), replacement does not need
to be isoproteic and may be isocaloric.
Isocaloric substitutions can guide individuals in swapping foods without changing their body weight.
If there is a need to adjust weight, food groups can be modulated by health professionals monitoring each
individual.
As a comparison, Table 5.29 provides the weight and protein content in 190-kcal of different meats.
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Table 5.29. The weight and protein content in 190-kcal of different meats
Product
Beef
Chicken
Fish
Pork
Turkey

Amount (190-kcal)
93.6 g
136.7 g
145.0 g
103.8 g
126.6 g

Protein content in 190-kcal
18.7 g
24.6 g
28.4 g
20.0 g
26.5 g

As a rule, 190-kcal of legumes is equivalent to approximately seven tablespoons of cooked grains,
without broth, but this may vary depending on the culinary preparation. Therefore, the dry weight value
for legumes and soy derivatives is presented in Table 5.30. Tofu is presented in fresh form.
Table 5.30. Isocaloric substitution of meat with legumes
Product
PLANT-BASED PRODUCT
Legumes
Soybean derivatives
(flours and textured protein)
Tofu

Amount (190-kcal)

Protein content in 190-kcal

53 g
55 g

13.2 g
29.7 g

131 g

20.7 g

3.10. How to adjust protein and amino acids when adopting a vegetarian
diet
There are three common methods of adjusting amino acids in the diet, and but adjustments should
consider that consumption of a sufficient amount of calories from foods, without consuming empty
calories, and choosing foods with higher lysine contents.
Lysine requires more attention. A large part of the world population eats cereals as
a dietary base; therefore, lysine intake could theoretically be more out of balance.
Thus, the main ways to adjust amino acids in vegan diets are as follows [290].
1) Combining cereals and legumes optimizes the balance of amino acids, making this
combination excellent, as cereals add methionine and legumes add lysine. In countries where
the consumption of plant foods with higher caloric density comprise mostly cereals and
legumes, such as rice and beans or rice and tofu, this balance becomes quite simple.
There is no need to consume a large variety of foods to obtain an amino acid balance.
It is sufficient to eat a food from the cereals group and one from the legumes group.
Within the same group, the amino acid content in each food is very similar.
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The combination of different food groups, such as cereals and legumes, is called
complementary proteins. It is not necessary to consume complementary proteins in the same
meal. The body stores a considerable amount of lysine in skeletal muscle and is able to release
lysine to maintain protein synthesis when a meal contains low amounts of it [308]. If a meal
contains more cereals and less legumes, for the next meal, less legumes and more cereals
should be consumed.
Notably, populations that eat starchy vegetables (cassava, potato, yam, cará, and tapioca),
which contain less protein than cereals, should increase their consumption of legumes to
ensure protein adequacy.
2) Eat more protein from a single food group, such as cereals. As cereals contain lysine, if the
intake of protein from this group increases, the intake of lysine will also be higher and will
reach or exceed the daily requirement. In this strategy, it is important that the protein density
is sufficient within the food group. To avoid weight gain, fat intake should be reduced. For
example, when increasing the consumption of whole grains, thus increasing the intake of
carbohydrates and protein, the consumption of olive oil can be reduced to decrease the intake
of fat.
3) Complement protein intake with isolated industrialized protein supplements.

3.11. IVU’s opinion on the consumption of protein and amino acids in
vegetarian diets
Given the aforementioned review, the IVU advises the following for vegetarians:
1) Regarding protein intake
— There is no evidence that vegetarians, compared with omnivores, need a higher protein
intake per body weight.
— It is important to meet the daily energy requirements, preferably with foods that contain
more than 10% of kilocalories as protein to ensure protein adequacy.
— When consuming a greater amount of food with less than 10% of kilocalories as protein,
protein balance can be achieved by increasing the consumption of foods with a higher
concentration of this macronutrient, such as legumes.
2) Regarding the quality of protein intake
— All plant foods contain all amino acids. The term limiting amino acid does not refer to an
amino acid absent in food.
— Attention must be paid to dietary sources of lysine.
— Legumes, as well as soybean and its derivatives, are the plant sources with the highest
concentrations of lysine.
— The inclusion of legumes in at least two main meals helps to ensure a greater intake of
lysine.
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— Considering only the intake of amino acids, it is not necessary to vary the choice of
different legumes or cereals because the content of each amino acid within each food
group is similar. Varying the foods chosen within each group is more important for the
intake of different phytochemicals, fiber types and some micronutrients than for the intake
of different amino acids.
— It is not necessary to mix cereals with legumes in the same meal, but if there was a greater
consumption of cereals in one meal, it is recommended to prioritize the consumption of
legumes in the other meal, and vice versa.
3) Regarding the replacement of animal protein with plant protein
— Meat should be replaced with legumes and not with eggs and dairy products, as the latter
have high concentrations of total and saturated fat.
— In a balanced diet, a lower protein content in this isocaloric exchange maintains protein
intake well above what is necessary to obtain the optimal nutritional status because the
simple exclusion of meat does not require replacing the protein it supplies.
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PART 6 — MICRONUTRIENTS

In this section, we address the micronutrients that
require attention in the vegetarian diet. Over the
years, the concern of several countries with public
health, based on predominantly omnivorous
populations (in the vast majority of continents), have
led to the adoption of nutritional health policies
focused on this public, in addition to massive animal
supplementation. With the growth of vegetarian
groups, the focus on nutritional care may need to be
adjusted.
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1. VITAMIN B12
Among the vitamins, B12 is the most important in terms of care and supplementation in a vegetarian
diet because it is the only nutrient not found in the plant kingdom, except for some controversial
exceptions that we will discuss in this chapter.
Due to the importance of vitamin B12 and the details regarding its evaluation and management, we
dive deeper into the subject in this chapter.

1.1. Chapter overview
— Vitamin B12 is the nutrient that, under no circumstances, should fail to be
evaluated, as many studies recommend paying attention to B12.
— The vitamin B12 level is inadequate in 40% of the omnivorous population
worldwide and in up to 86.5% of vegetarians.
— Methylcobalamin and deoxyadenosyl are the active forms of B12.
Cyanocobalamin and hydroxycobalamin are forms that require in vivo
conversion.
— Methylcobalamin acts on the enzyme methionine synthase, and deoxyadenosyl
acts on methylmalonyl-CoA mutase.
— In nature, B12 is synthesized by bacteria and archaea.
— The digestion of B12 involves several elements that, when in disequilibrium, affect
absorption. Highlight: Gastric acidity is required to remove B12 from food, R factor
is necessary to protect B12 from gastric acid, and intrinsic factor (IF) is needed to
bind B12 at alkaline pH (and the presence of pancreatic bicarbonate). Absorption
occurs in the terminal ileum with receptor saturation.
— The enterohepatic cycle can release up to 10 μg/day of B12 in the small intestine.
— Without IF, only 1% of the B12 ingested is absorbed.
— The passive absorption (without IF) of B12 occurs in the mucous membranes (the
entire gastrointestinal tract, including the nose and mouth).
— B12 is transported in the blood by three transporters (transcobalamins I, II and
III).
— Transcobalamin II (or holo-TC) is the transporter of active circulating B12; the
others transport a large number of B12 analogs or corrinoid forms, i.e., B12
isoforms without biological action in the body.
— The measurement of serum B12 reflects the amount of B12 present in the three
transporters and, therefore, represents the sum of active and inactive B 12.
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— The stock of B12 can reach 3 mg in the liver and kidneys.
— The idea of a two-to-five-year hepatic stock of B12 should not be considered
because it can be completely depleted in six months when there are
malabsorption problems.
— Without vitamin B12, folate does not remain in the active form (tetrahydrofolate).
— In times of deficiency, there is a reduction in serum B12 and holo-TC levels and an
increase in homocysteine and methylmalonic acid.
— An increase in homocysteine may occur when there are folate, B12 and B6
deficiencies and is influenced by infection, peripheral insulin resistance and the
consumption of a high-protein diet.
— An increase in methylmalonic acid occurs only in B12 deficiency.
— B12 deficiency first affects the neurological system and, last, the hematological
system.
— There is not a consensus cutoff level for the diagnosis of B12 deficiency, and
deficiency values and marginal values are considered, as the latter may already
correspond to individuals with deficiency, given that the B12 measured is the sum
of the active and inactive forms.
— The suggested diagnostic value for all markers are presented in this chapter.
— The minimum serum B12 level used as reference is not based on values that
represent the best metabolic activity.
— The determination of the most adequate level of vitamin B12 can be performed
together with the measurement of homocysteine and, especially, of
methylmalonic acid.
— The determination of the B12 level with the maximum metabolic potential may
be established by the progressive evaluation of markers. With an elevated
baseline serum B12 level and low baseline homocysteine and methylmalonic acid
levels, with a reduction in B12, an elevation in homocysteine and methylmalonic
acid levels could indicate impaired metabolic function.
— The adoption a higher B12 level as a cutoff (i.e., not the suggested laboratory
value) is not based on the detection of deficiency but rather on the maintenance
of the best metabolic state.
— In an attempt to establish the ideal vitamin B12 level, in which homocysteine and
methylmalonic acid are truly low, different studies have suggested optimal levels
of serum vitamin B12 ranging from >300 pmol/L (408 pg/mL) to >600 pmol/L (816
pg/mL).
— The human body requires 1 μg of B12 in the blood to maintain erythrocyte
production. This value does not support the full maintenance of other B12
functions. DRI values were structured based on this required value (1 μg/day).
— The recommended dose of B12 for adults was determined by a mathematical
calculation, not by clinical studies, and is inadequate if followed. In addition, the
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recommended dose was established based on the minimum amount of B 12
required for hematopoiesis, not on neurological requirements.
The DRI for B12 is 2.4 μg/day for adults, and elderly individuals, due to a higher
risk of achlorhydria, should receive this same amount of B12 through supplements
or fortified foods.
Countries have different B12 recommendations, with the daily intake ranging
from 1.0 μg to 4.0 μg.
Omnivorous diets do not usually exceed a B12 content of 10 μg. Thus,
theoretically, a vegetarian who supplements 10 μg of B12 per day (with
fractionated intake) and has a low B12 level would have the same low level if she
or he was omnivorous.
Safe sources of B12 include supplements, fortified foods, meats, eggs, and dairy
products. Heating and storage can reduce the B12 content in these foods. These
losses are described throughout the chapter.
Algae and mushrooms may contain B12, but due to the presence of analog forms,
their use is not recommended as safe dietary sources of B12.
Organic plant-based foods grown with cattle manure contain inactive B12.
It is common practice to use cobalt or cyanocobalamin to supplement B12 in
farmed animals. Thus, an omnivorous diet ensures a B12 supply through the
consumption of animal products. In a vegetarian diet, the direct intake of
supplements ensures a B12 supply.
B12 deficiency is always treated with supplements because eating does not
effectively correct the condition.
All types of B12 (cyano-, hydroxy- or methylcobalamin) available for
supplementation effectively correct B12 deficiency.
Methylcobalamin, although an active form of B12, has lower storage stability than
does cyanocobalamin.
Cyanide (cyanocobalamin) poisoning should only be considered when there is
loss of renal function (glomerular filtration rate <50 mL/min/1.73 m2).
Administration via injection should be the first choice only in cases involving
neurological emergencies.
Oral doses for B12 correction should exceed 1,000 μg/day, as it is necessary to
ensure absorption by diffusion and not by ileal receptors.
Randomized studies show that oral doses of 1000–2000 mg/day are equivalent
or superior to the use of B12 injections and may be used by individuals with total
gastrectomy with or without IF production.
The oral and sublingual routes show similar action in treatment.
The absorption of B12 when fasting is greater than that with a full stomach, but
this does not contraindicate B12 intake with meals.
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— Upon reaching the target B12 level, the dose taken should not be suspended but
instead monitored to determine whether the dose should be maintained or
reduced.
— B12 intake does cause toxicity.
— The recommended B12 dose for maintaining the target level should be
determined for each individual via laboratory monitoring.
— Doses of 500 μg/day or more may be necessary to maintain B12 above the mean
normal value range.
— The fortification of foods with B12 is an initiative recommended by the Food
Fortification Initiative and approved by the WHO, aiming to serve the omnivorous
population. This measure benefits the vegetarian population.

1.2. Vitamin B12
In 1824, pernicious anemia was described, which, 1 to 3 years after diagnosis, caused the death
of a patient. Again in 1849, Thomas Addison described it. However, it was only in 1926 that a
therapeutic solution for this condition was developed, when George Minot and William Murphy
discovered that the ingestion of beef liver caused anemia remission within a few months. At the time,
the explanation was that liver steak contained an extrinsic factor that required an intrinsic factor for
its normal absorption, and it was believed that liver protein and iron had curative effects. Minot and
Murphy theorized that this intrinsic factor was produced by gastric secretion in the normal stomach
but not in the stomach of people with pernicious anemia. The extrinsic factor described was nothing
more than vitamin B12. In 1934, this discovery earned Minot and Murphy a Nobel Prize. In 1948,
vitamin B12 was isolated simultaneously in the United States and England. Its synthesis in the
laboratory was achieved in 1973 by Robert Woodward [338, 339].
Vitamin B12 has an intense red color resulting from its corrin nucleus, which binds to cobalt in a
tetrapyrrolic ring structure.
Of the vitamin B12 forms, methylcobalamin and deoxyadenosyl cobalamin are active forms.
Hydroxycobalamin and cyanocobalamin are forms that require in vivo conversion.
B12 is synthesized by bacteria and microorganisms very similar to bacteria classified as archaea
(prokaryotic and unicellular species, usually microscopic). It is believed that B12 has been part of the history
of living beings since the beginning of life on Earth. Its synthesis is complex and involves 30 steps, and not
all microorganisms are able to produce it [340].

1.3. Physiology: B12 absorption and transport
Understanding the physiology of B12 absorption and transport is essential to understand the results of
laboratory tests, discuss reference ranges and safe maintenance values, and discuss treatments to be adopted.
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Figure 6.1. Digestive and absorptive physiology of vitamin B12

Figure created by Professor Doctor Eric Slywitch

Vitamin B12 derived from food is not in the free form and does not travel free through the digestive
tract or bloodstream. Haptocorrin is a B12 binder.
The acidic pH of the stomach degrades B12. However, gastric acid is needed to remove B12 from food.
Thus, R factor, found in saliva and parietal cells, envelopes B12 and protects it from gastric acid; thus, in
the small intestine (alkaline environment after receiving pancreatic bicarbonate), B12 can bind to intrinsic
factor (IF) (produced by parietal, main, and antral G cells and salivary glands) after pancreatic proteases
degrade R factor [341].
Now bound to IF and protected from intestinal bacteria, B12 is transported to the terminal ileum
toward its receptors.
In the absence of IF, only 1% of ingested B12 is absorbed [348].
B12 bound to IF (B12-IF) is absorbed, and the remaining B12 bound to R factor is excreted in feces.
Approximately 60% to 80% of ingested B12 is eliminated by fecal excretion. There is also an enterohepatic
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cycle capable of releasing 0.15% of the body stock of B12 per day into the intestine, or up to 5 to 10 μg/day.
If IF is present, up to 50% of B12 is reabsorbed, but without it, B12 is lost almost entirely in feces [340, 341].
Individuals with pernicious anemia may lose 3 to 9 μg of B12 per day due to the inability to recycle the bile
content that reaches the intestine [342].
In addition, ileal absorption depends on the binding of B12 to IF but also on the presence of calcium
and bile and a pH > 6 [341]. Ileal B12-IF receptors are limited to the apical membrane of enterocytes. They
can absorb 50% of 1 μg of B12 ingested orally. As the number of receptors is limited, there is limited
absorption of increased doses of B12 [339].
The B12 receptor is saturable and absorbs 1 to 1.5 mg of B12 every 4 to 6 hours [348].
The maximum amount of B12 absorbed is 5 μg per meal via IF [350]. B12 absorption
is an active physiological process, with a small amount (1% to 2% of the oral dose)
passively absorbed. Passive absorption occurs in mucous membranes along the
entire gastrointestinal tract, including the mouth and nose [339].
It is estimated that 30% to 50% of cases of B 12 deficiency are linked to malabsorption due to the
binding of B12 to food [343]. It is easy to understand this percentage when considering that so many
steps are required for B 12 absorption, in addition to other possible failures: low acid production,
destruction of parietal cells, destruction of IF, changes in pancreatic secretion, bacterial overgrowth,
low intake and surgical history (gastrointestinal resections). The causes of B12 deficiency are shown in
Table 6.1.
Table 6.1. Causes of vitamin B12 deficiency (adapted from references [344-346])
Cause

Effect

Malabsorption
Gastric bypass
Reduced IF production
Gastrointestinal infection with H. pylori
Reduced IF production
Ileal resection
Reduced absorption of B12 bound to IF
Intestinal bacterial overgrowth
Reduced absorption of B12 bound to IF
Inflammatory bowel disease
Reduced absorption of B12 bound to IF
Pernicious anemia
Antibodies against parietal cells and IF
Difficulty chewing food
Difficulty releasing B12 from protein
Gastric resection
Difficulty releasing B12 from protein in food
and reduced IF production
Nutritional
Malnutrition
Reduced vitamin B12 intake
Strict vegetarians with no intake of fortified
Reduced consumption of dietary sources of
foods or supplements
B12
Drugs
Proton pump inhibitors
Difficulty releasing B12 from protein in food
Metformin
Reduced B12 absorption
Nitrous oxide
Methionine synthase inactivation
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(B12- dependent cytoplasmic enzyme)
Reduced B12 absorption

Chitosan

* IF = intrinsic factor
Absorbed B12, when not in an active form, is converted into methylcobalamin and deoxyadenosyl
cobalamin in ileal mitochondria and appears in the blood after three hours [341].
Absorbed cobalamin is transported by three transporters: transcobalamin I, II and II (TCI, TCII and
TCIII). There are important considerations associated with these transporters because they are part of the
physiological basis of understanding the laboratory measurement of B12 [339, 341, 347]:
1) TCI and TCIII
—
—
—
—

TCI and TCIII are commonly called haptocorrin, as well as R factor.
TCI and TCIII transport 80% to 90% of B12.
TCI and TCIII distribute only 0.1 nmol of cobalamin and only to hepatic receptors.
TCI and TCIII bind to true B12 and to biologically inactive B12, which is called the analog or
corrinoid form.
— Forty percent of TCI and TCIII are saturated with the B12 analog.
— TCI and TCIII turnover is 40% lower than TCII turnover.
— TCI and TCIII have half-lives of 9.3 to 9.8 days.

2) TCII (also called holo-TCII or holo-TC)
—
—
—
—
—

Twenty to thirty percent of B12 is transported by TCII.
TCII transports active B12.
TCII distributes 4 nmol of cobalamin to all cells in the body.
Most absorbed B12 is bound to TCII, which has a higher turnover.
The half-life of TCII is 1-2 hours.
The measured serum vitamin B12 level is the sum of all B12 forms (analog and true)
present in the three transporters.

Holo-TC is considered the transporter of active B12 and therefore is important in laboratory
evaluations, and it is increased in renal patients on dialysis [348].
After being transported to tissues, B12 binds to the specific, high-affinity cell receptor CD320, which
translocates B12 into the intracellular medium by adsorptive endocytosis. All B12 not bound to
transcobalamins is excreted in the urine [341].
Approximately 2 to 3 mg (2,000 to 3,000 μg) of B12 is stored in the liver and kidneys. With an enterohepatic
cycle resorption rate of 50%, which corresponds, in an optimistic scenario, to 1.4 μg of only 2.8 μg released into
the intestine through the biliary tract, with a full liver stock, clinical manifestations of B12 deficiency would appear
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after 2 to 5 years of total abstention from oral B12 [343]. However, B12 stocks can deplete in only 6 to 12 months,
with a loss of 2 to 4 μg/day due to impaired resorption [349].

1.4. Metabolic actions
To facilitate understanding, use Figure 6.2 as a guide.
Figure 6.2. Metabolic pathways – Homocysteine and methylmalonic acid

Figure created by Professor Doctor Eric Slywitch

Methylcobalamin acts on methionine synthase in the cytosol, which in turn plays a role in DNA and
RNA synthesis (via purine and pyrimidines) and in methylation reactions and maintains folate in the
intracellular medium [350].
Deoxyadenosyl cobalamin acts on mitochondrial methylmalonyl-CoA mutase, which in turn plays a
role in the metabolism of fatty acids with an odd number of carbons, in the formation of myelin sheaths
and in the metabolism of ketogenic amino acids. The presence of active methylmalonyl-COA mutase
allows mitochondrial entry via succinyl-CoA and therefore affects hemoglobin synthesis [339, 350].

168

The conversion of 5-methylenetetrahydrofolate into tetrahydrofolate depends on vitamin B12, i.e.,
without B12, it is not possible to maintain folate in its active form [338].
The following descriptions are essential for understanding laboratory test results associated with the
diagnosis of B12 deficiency.
Vitamin B12 plays a role in the metabolism of methionine, an essential amino acid.
When ingested, methionine can be converted into S-adenosyl-methionine (SAM), which is
considered the universal methylator because methylation reactions are performed with this compound.
In the brain, SAM is essential for the formation of catecholamines, indolamines, phospholipids and
myelin. It plays a role in the conversion of N-acetyl-5-hydroxytryptamine into melatonin [345].
As a methyl group donor, SAM is necessary in epigenetic reactions, such as DNA and histone
methylation and gene expression regulation [351].
SAM is converted into S-adenosyl-homocysteine (SAH) and, finally, into homocysteine (HCY). An
organism can produce SAM if HCY can be converted into methionine, but for this to occur, it is necessary
to activate methionine synthetase, which depends on the presence of folate, vitamin B12 and pyridoxine.
When there is a deficiency of these vitamins, especially folate and B12, homocysteine increases, with
negative consequences for the organism, as described below [344].
After forming, in addition to being recycled as methionine, homocysteine, under the action of the
enzyme cystathionine beta-synthase (dependent on serine and pyridoxine), can be converted into
cystathionine by two pathways:
1) Conversion into cysteine, giving rise to other metabolic products like gluthatione, taurine and
sulfate (see Figure 6.2); and
2) Transport to mitochondria, where it enters the Krebs cycle (citric or tricarboxylic acid cycle) in the
form of succinyl-CoA. In this pathway, it encounters other metabolic pathways. For entry into the
mitochondria, a methylmalonyl-CoA mutase-dependent step is needed, i.e., vitamin B12
(deoxyadenosyl cobalamin)-dependent. In vitamin B12 deficiency, methylmalonic acid (MMA) is
formed.
Homocysteine is elevated in vitamin B12 deficiency not only due to the lack of the latter but also, to a
lesser extent, due to a lack of folate and pyridoxine. Thus, increases in homocysteine levels do not occur
only due to a lack of B12 but can occur solely because of it [344].
Conversely, methylmalonic acid is elevated only in vitamin B12 deficiency and is the most specific
marker for B12 deficiency [344]. Notably, methylmalonic acid levels are elevated in individuals with chronic
kidney disease [348].
Importantly, there is another pathway capable of converting homocysteine into methionine: the
betaine pathway. The liver and kidneys can re-methylate homocysteine into methionine via betaine
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methyltransferase, but not the brain, making it a more sensitive organ to the deleterious effect of vitamin
B12 deficiency, with a more significant increase in homocysteine.
Considerations about homocysteine
Homocysteine evaluations performed through laboratory tests are, in most cases, conducted in the
morning in a fasting state. Importantly, methionine overload may increase the baseline
homocysteine level. In a study with 29 healthy adults without vitamin B deficiency, methionine was
administered at a dose of 0.1 mg/kg, significantly increasing the homocysteine level, which
remained high for at least 24 hours after the dose was given. The increase was sustained even more
in smokers and in individuals who were overweight [352]. Hyperproteic diets can increase the
homocysteine level in individuals with a previous normal level, leading to morning test results
indicative of hyperhomocysteinemia without a reduction in B12 and folate levels in the absence of a
mutation in methylenetetrahydrofolate reductase (an enzyme that converts folate to its active
form). Retesting and maintaining a diet without excess protein on the previous day (at least at
dinner) can help to better understand such abnormal results. In the cited study, the peak
homocysteine level occurred approximately 6 to 8 hours after the dose was administered.
Smoking increases homocysteine levels [353].
Mild to moderate homocysteine elevation is associated with Alzheimer's disease, vascular
dementia, cognitive impairment and stroke [354]. However, reducing homocysteine levels does
not reduce the cognitive decline in the established disease [355].
The effect of increased homocysteine levels on cardiovascular disease is still controversial, but most
studies conclude that an elevated homocysteine level is an independent risk factor for
cardiovascular disease. The controversy is due to the fact that controlled clinical trials that used B
vitamins to reduce homocysteine levels did not necessarily find a reduction in cardiovascular
disease, with the exception of stroke [339, 356]. However, a more recent review revealed a small
difference in the effect of B12, folate and B6, positively favoring stroke prevention [357].
Elevated homocysteine is also associated with reduced osteoblast activity and increased osteoclast
activity [358], with no demonstrated relationship with bone mass [359]. A systematic review
published in 2017 of 17 studies showed substantial heterogeneity in the methods used to diagnose
B12 deficiency and in the populations investigated. The authors concluded that the effect of B 12
deficiency on bone mass cannot yet be established [360].
Homocysteine has neurotoxic and vasotoxic effects. B12 deficiency appears to be associated with
depressive symptoms via nonvascular mechanisms, regardless of the homocysteine level [361].
Omega-3 fatty acid supplementation appears to reduce homocysteine levels [362] synergistically
with B12 [363].
Homocysteine levels change based on oxidative stress and hormone levels (insulin, estrogen, and
thyroid hormone) [339].
1) Oxidative stress: When oxidative stress increases and there is a need to increase glutathione
synthesis, the expression of enzymes (methionine synthase and betaine-homocysteine
methyltransferase) that convert homocysteine to methionine decreases. Additionally, the
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activity of the enzyme cystathionine beta-synthase increases, and thus, the pathway moves
toward the formation of glutathione [339].
2) Hormonal interactions:
— Elevated insulin levels affect the expression of key enzymes in the pathway, causing the
inhibition of cystathionine beta-synthase and leading to a reduction in homocysteine
catabolism, which thus increases homocysteine levels [339].
— Reductions in the levels of thyroid hormones (hypothyroidism) and estrogen (menopause)
lead to an increase in homocysteine levels. The mechanisms that cause this increase are not
clear. It is hypothesized that these hormonal conditions may lead to an increase in B 12
requirements [339].

1.5. B12 deficiency
Vitamin B12 deficiency affects the neurological and hematological systems but can also affect the skin
and gastrointestinal system.

Neurological changes
The neurological impact of B12 deficiency occurs through changes in methylation, causing changes in
the formation of myelin sheaths. Demyelination of peripheral and central neurons occurs [351], in
addition to reduced neurotransmitter production, as mentioned earlier.
A reduction in the ability to concentrate and memory and attention deficits are the initial
neurological manifestations. With the progression of deficiency, psychiatric conditions may develop,
including depression. Macular degeneration and reduced hearing may also occur [351].
A review published in 2020 concluded that low vitamin B12 levels are associated with an increased
risk of depression. B12 supplementation, when used in combination with antidepressants, optimizes
the expected final outcome. Its action involves the dopaminergic, serotonergic, adrenergic and
glutamatergic systems [364].
The most common manifestations are reduced cognitive ability, gait abnormalities, irritability,
peripheral neuropathy and weakness [355].
When presented, polyneuritis is more sensitive, and the classic manifestation is spinal cord sclerosis [355].
Some individuals with B12 levels higher than the minimum reference value (>150 pmol/L or 201
pg/ml) may still have cognitive impairment or a higher risk of developing cognitive decline in the future
[339]. Treatment with vitamin B12 seems to reduce the rate of cerebral atrophy by 90% in people with
Alzheimer's disease but only in those with elevated homocysteine levels [339].
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Hematological changes
As the transport of oxygen is a priority for organisms, the onset of B12 deficiency initially leads to
neurological, not hematological, manifestations [351].
When B12 is deficient, the conversion of methyltetrahydrofolate into tetrahydrofolate is inhibited.
Folate, in the form of methylenetetrahydrofolate, is a necessary substrate for the conversion of
uridylate into thymidylate and the consequent incorporation of thymidine into DNA. Thus, in folate
deficiency, DNA synthesis is inhibited, allowing cytoplasm maturation but not mitosis. This causes cells to
be produced in smaller quantities but with increased size, a characteristic of megaloblastic anemia [339].
Thus, in B12 deficiency, folic acid cannot be properly used, and the known consequence is impaired
cell multiplication.
In the hematological manifestation, the characteristic condition is megaloblastic anemia, i.e., the cell
leaves the bone marrow immature (blast) and with increased size (mega) because it cannot divide
properly due to the lack of B12 (result of DNA synthesis failure due to the lack of tetrahydrofolate) [351].
In addition to anemia with macrocytosis and neutrophil hypersegmentation, thrombocytopenia,
neutropenia and pancytopenia may occur more rarely [355, 365].

Skin changes
In the skin, the earliest manifestation of B12 deficiency is hyperpigmentation (more common in darkskinned individuals) because in B12 deficiency, there is an increase in melanin synthesis [355, 366].
There may be changes in the hair (poliosis – whitening of body and head hair, with black hair acquiring
a “dirty gray” color, which completely reverses with B12 intake) and angular stomatitis [366].
Vitiligo is described as a manifestation of B12 deficiency, but there is controversy regarding the causeand-effect relationship. It is possible that in some individuals, there is a concomitant presence of
autoimmunity (anti-IF antibodies and vitiligo) [366].

Gastrointestinal changes
There may be tongue dryness and inflammation, with gustatory papillae atrophy, an increase in
bilirubin (by intramedullary cell destruction) and lactic dehydrogenase (LDH) and jaundice [355, 367].

Other manifestations
Other manifestations include fatigue and reduced appetite [355].
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A systematic review and meta-analysis found a correlation between B12 deficiency and an increased
risk of gestational diabetes. The mechanism that explains this finding is still unknown [368].
Before discussing B12 nutritional needs and foods, it is necessary to establish a safe level of this vitamin
and how to diagnose B12 deficiency.

1.6. Diagnosis of B12 deficiency
Discussion is still ongoing about cutoff points for serum vitamin B12 levels [369].
Due to the difference between the units used in different methods and by different countries (e.g.,
ng/L, pg/mL or pmol/L), it is necessary to know the conversions, as shown in box below [339, 370].
Throughout this chapter, we report two units (pmol/L and pg/mL) to facilitate the evaluation of tests
provided in the country where you practice.
•
•

pg/mL = ng/L
1 pg/mL = 0.74 pmol/L or 1 pmol/L = 1.36 pg/mL

As mentioned in the section on vitamin B12 physiology, when vitamin B12 is deficient, the following
occur:
—
—

a reduction in serum vitamin B12 and holo-TC levels; and
an increase in homocysteine and methylmalonic acid levels.

Of these markers, holo-TC (which only transports active B12) and methylmalonic acid are the most
suitable for evaluation, but such tests are not always available in many countries. An overview of vitamin
B12 markers, in terms of their function, is provided in Table 6.2.
Table 6.2. Vitamin B12 markers and their functions (adapted from reference [344]):
Marker

Indication

Serum B12

Indicator of global B12 nutritional status

Holo-TCII

Indicator of the amount of active B12 in the body

Homocysteine

Marker of B12 (and folate and pyridoxine) deficiency

Methylmalonic acid

Marker of B12 deficiency

Table 6.3. shows the main markers of B12 nutritional status used in several studies.
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Table 6.3. Serum values of vitamin B12 markers and their functions (adapted from reference [351]).
Suggested cutoff
value for deficiency

Suggested cutoff
value for
safety

Marker

Reference
range

Serum B12 (pmol/L)
Serum B12 (pg/mL)

200–600
272–816

<148
<200

>221
>300

Alterations in plasma-binding
proteins

Holo-TCII
μmol/L

40–100

<35

>40

Genetic variations and kidney
function

Homocysteine
μmol/L

8–15

>15

<8

Folate and B6deficiency,
kidney and thyroid function,
sex and age

Methylmalonic acid
μmol/L

0.04–0.37

>0.37

<0.27

Kidney function and
polymorphisms

4cB12*

-2.5–1.5

<-0.5

>0.5

Can be corrected for folate
nutritional status and age

Largest confounders

* Index with the following formula: log10 ((B12 × holotranscobalamin)/(methylmalonic acid × homocysteine)). This index has more recent
use in the literature, with the advantage of being able to be used regardless of the reference interval of the method. It can also be adjusted
based on folate status and age. It is an index that shows a strong association with hemoglobin concentration, cognitive function, and
peripheral nerve conductivity. The clinical utility of this index is still under study.

There is no consensus on the values shown in Table 6.3, and the cutoff ranges for B12 deficiency vary
based on different researchers and studies. For example, there are cutoff ranges for serum B12 deficiency
that assume a minimum normal serum level of 110 pmol/L (148 pg/mL) to 250 pmol/L (338 pg/mL). The
variation in the level for establishing elevated homocysteine levels ranges from >10 μmol/L to >15 μmol/L;
the values for methylmalonic acid range from >260 nmol/L to >376 nmol/L [371].
There are four classical definitions of B12 deficiency [372]:
— Serum vitamin B12 <150 pmol/L (200 pg/mL), with clinical features and/or hematological
abnormalities related to cobalamin deficiency;
— Serum vitamin B12 <150 pmol/L (<200 pg/mL) measured on two separate occasions;
— Serum vitamin B12 <150 pmol/L (<200 pg/mL) and homocysteine >13 μmol/L or methylmalonic
acid >0.4 μmol/L (in the absence of renal failure and folate and B6 deficiency); and
— Low serum holotranscobalamin level <35 pmol/L.
Although holo-TC is considered one of the best markers of B12 nutritional status, the measurement of
serum B12 showed similar specificity and sensitivity when evaluated together with methylmalonic acid
levels. In five studies, holo-TC measurements were only slightly better than serum B12 measurements
[373].
The vitamin B12 level may be 25% lower in women using oral hormonal contraceptives, without
differences in methylmalonic acid and homocysteine levels, suggesting that a change only in B 12 body
distribution, not its depletion [374].
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1.7. Adequate vitamin B12 level
What is a good level of vitamin B12?

The reference vitamin B12 level, typically between 150 and 600 pmol/L (200–800 pg/mL), has been
questioned in the scientific literature regarding safety [349].
The level of deficiency and the level at which the maximum potential positive
metabolic effect of the nutrient is reached are different.
Vitamin B12 levels below 148 pmol/L (200 pg/mL) have 97% sensitivity in the diagnosis of true
deficiency [346]. Megaloblastic anemia occurs when B12 levels are below the normal range (111 pmol/L
or 150 pg/mL) [365].
As already mentioned in this chapter, the measured serum vitamin B12 level is the sum of B12 bound
to its three transporters (TCI, II and III), i.e., active B12, added to analog forms. Only TCII (holo-TCII) actually
represents the active form of vitamin B12.
From the standpoint of clinical safety, establishing traditional cutoff values for the diagnosis of
deficiency is problematic; some concepts need to be explained for a better understanding.
Vitamin B12 deficiency can be classified into four stages [375]:
Stages of vitamin B12 deficiency:
I – Depletion of the B12 stock in all cells of the body. This stage is indicated by a low plasma level of
holo-TC.
II – Low level of the other transporters (TCI and TCIII).
III – Functional changes in the B12 balance, indicated by elevated levels of homocysteine and
methylmalonic acid.
IV – Clinical signs of vitamin B12 deficiency, such as changes in the size and count of red blood cells.
These degrees of deficiency, from a laboratory standpoint, can be represented as follows:
Stages
I – Reduced holo-TC level and a reduction in serum B12 levels
II – Reduced serum B12 levels
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III – Elevated homocysteine and methylmalonic acid levels
IV – Clinical symptoms and measurable hemogram changes
In the early stages of vitamin B12 deficiency, the symptoms are neurological and reversible with
vitamin replacement. Elevated homocysteine precedes the clinical symptoms of B12 deficiency [375].
In 2016, a literature review suggested that if the minimum B12 level was higher, more individuals with
compromised vitamin D status would be identified [376].
When the minimum reference value for B12 is increased from 148 pmol/L (200 pg/mL) to 259 pmol/L
(350 pg/mL), the rate of suspected deficiency increases from 5.3% to 40.5%, where 22% of patients with
newly suspected cases have elevated methylmalonic acid levels and less than 2% have macrocytosis [343].
This confirms the need to carefully consider the nutritional status of individuals with serum levels within
the current normal range.
The establishment of a safe vitamin B12 level deserves important considerations.
Nutritional recommendations have been based on the minimum amount of B 12 that reaches the
blood for adequate hemoglobin production. In terms of survival, this choice is logical but does not
give the body what it needs to maintain full function, mainly because the neurological system is the
first affected by the lack of B12 and the hematological system is the last. With this as a normality
parameter, B12 values in the lower limit of the laboratory ranges were accepted as if there were no
negative consequences for the organism.
The minimum reference range is stipulated as a cutoff range in an attempt to ensure that there is
no doubt about B12 deficiency.
The most accurate way to determine the ideal vitamin B12 level for all body functions to be fully met
is the joint assessment of the serum homocysteine (when there is no folate or pyridoxine deficiency)
and methylmalonic acid levels. The ideal level, considering the full evaluation of B 12 function, is the
concentration that maintains these two functional markers at low levels.
When reduced B12 levels result in the onset of homocysteine and methylmalonic acid elevations,
the B12 level should no longer be reduced. Similarly, from the point at which B12 begins to increase
and there is no further reduction in the homocysteine and methylmalonic acid levels, the
maximum metabolic potential has been attained.
The difficulty is identifying a single value that can be used in population terms, as there is much
variation from one individual to another. The health professionals who treat individuals can
individually determine the safe level for patients.
To facilitate optimal B12 function in the body, we will continue trying to understand what the safe B12 level is.
A study published in 2001 measured the homocysteine, methylmalonic acid, folate, and vitamin B12
levels and the antioxidant status of 44 individuals who ate a large amount of meat, 19 individuals who ate
a small amount of meat, 34 ovo-lacto-vegetarians and seven vegans. Taking the methylmalonic acid level
as the marker of vitamin B12 deficiency, the following results were obtained [377]:
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— A vitamin B12 level within the reference range (156–674 pmol/L, or 212–916 pg/mL) does not
exclude functional vitamin B12 deficiency.
— A low vitamin B12 level does not support B12 deficiency (only 3 of 5 subjects with low vitamin
B12 levels had elevated homocysteine and methylmalonic acid levels).
— When the vitamin B12 level was above 360 pmol/L (490 pg/mL), there were no individuals with
elevated methylmalonic acid level.
— With the conventional reference value, serum B12 had the highest diagnostic specificity but
lost sensitivity.
— At an arbitrary B12 value of 360 pmol/L (490 pg/mL), the measurement gained sensitivity but
lost discriminatory power.
— Individuals with a homocysteine level “>8 μmol/L (considered high based on the reference of
the laboratory analysis method when >15 μmol/L) had an elevated methylmalonic acid level,
and it is desirable for the value of this marker (homocysteine) to not exceed 10 μmol/L.
— The investigators used a cutoff level for methylmalonic acid of <271 nmol/L to consider the
safety of the B12 level (normal: 73–271 nmol/L).
In 2011, an editorial comment brought up a discussion on adequate vitamin B12 levels [378]. The
authors reviewed several studies that showed vitamin B12 levels in the low-normal range with negative
outcomes, including failure to prevent neural tube defects, brain atrophy, cognitive decline and
depression, and correlated B12 levels with plasma homocysteine and methylmalonic acid levels. A review
of 3,262 individuals aged 71 to 74 years showed that when vitamin B12 was below 400 pmol/L (544pg/mL),
the methylmalonic acid and homocysteine levels began to increase [378, 379].
Unlike studies that show that supplementation with vitamin B12 causes the methylmalonic acid and
homocysteine levels to enter the normal range, which we will see when discussing treatment with vitamin

B12, Table 6.4 lists studies that report vitamin B12 levels that lead to the lowest homocysteine and/or
methylmalonic acid levels.
Table 6.4. Studies correlating serum B12 levels with adequate homocysteine (HCY) and/or
methylmalonic acid (MMA) levels.
Elderly
adults

Reference

44 meat eaters, 19 low
meat eaters, 34 ovolacto-vegetarians and
seven vegans

No

[377]

MMA level

19 individuals
(mean age: 49.5 years)

No

[380]

HCY and MMA levels
MMA and HCY levels
still decrease with an
increase in B12

39,695 NHANES III
participants*

Mixed
ages

[381]

Serum vitamin B12

Parameter

Characteristic

>360 pmol/L
(490 pg/mL)

B12 level at which
there are no
individuals with high
MMA

>304 pmol/L
(413 pg/mL)
>300 pmol/L
(408 pg/mL)
>150 pmol/L
(204 pg/mL)

177
>600 pmol/L
(816 pg/mL)

HCY level

Individuals aged 40 to
67 years from three
population studies,
totaling 18,044 men
and women
Hordaland
Homocysteine Study
included

Mixed
ages

[382]

>400 pmol/L
(544 pg/mL)

MMA level

6,946 adults and elderly
adults
(47 to 71 years)
from the Hordaland
Homocysteine Study

Mixed
ages

[383]

>400 pmol/L
(544 pg/mL)

Lowest HCY level

3,511 people over 65
years of age from three
studies

Yes

[379]

* NHANES III = National Health and Nutrition Examination Survey, United States.
If we plot the mean value for the data obtained in the six cited studies, i.e., seven serum B 12 levels
indicated as ideal, resulting in a value of 360 pmol/L (490 pg/mL), an optimal B12 level from a population
standpoint.
If the correlation is based only on the optimal methylmalonic acid level, the suggested B12 level is, on
average, 303 pmol/L (412 pg/mL); when the measurement is based on homocysteine, this value is 433
pmol/L (589 pg/mL).
Two extremes among these studies are highlighted: the group that, when evaluating the
methylmalonic acid level, indicated maintaining the B12 level at >150 pmol/L (204 pg/mL) and another,
evaluating the homocysteine level, indicated an optimal level when B12 >600 pmol/L (816 pg/mL).
The data provided by the studies make it difficult to establish a cutoff range for safe vitamin B12
levels, as they included a mixture of adults and elderly individuals with different characteristics.
In addition, there are interesting data on the correlation between B 12 levels and brain atrophy, as
shown in the box.
A notably more accelerated brain atrophy related to lower B12, and holo-TC levels were found in a
study with 107 elderly adults (61 to 87 years), with a five-year follow-up, even without elevation in
the homocysteine and methylmalonic acid levels. In that study, vitamin B12 < 308 pmol/L (<419
pg/mL) was associated with a greater loss of brain volume [384].
In another study, after two years of follow-up, compared with that in the placebo group, brain
atrophy was 30% lower in elderly individuals (70 years) with mild cognitive impairment in whom
B12 was supplemented (increasing from 330 to 672 pmol/L or from 330 to 914 pg/mL) [385].
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In another study, the homocysteine level of 24 elderly individuals decreased significantly when
serum vitamin B12 increased from 260 pmol/L (354 pg/mL) to 545 pmol/L (744 pg/mL) [386].
It is not possible to conclude that an increase in vitamin B12 causes a beneficial effect on brain
atrophy and cognition, but studies have shown that individuals not classified as vitamin B12 deficient
but with elevated homocysteine levels show progressive brain atrophy and cognitive decline and
may benefit from supplementation with vitamin B12 (as well as folate and pyridoxine) [378].
In view of these data, the IVU recommends that serum vitamin B12 levels, when used as a single
marker of the nutritional status of B12, should always remain within the upper mean of the reference
range of the analysis method or at least above 360 pmol/L (490 pg/mL).
The goal of this value is to ensure the best vitamin B12 level to optimize the body's metabolic state,
represented by lower homocysteine and methylmalonic acid levels.
It is possible that as further studies are published, this value will be reconsidered and that the cutoff
value for younger and older adults will different.

1.8. Statistics on vitamin B12 deficiency
Determining the actual vitamin B12 deficiency in the world population is a challenge due to the reference
range established in the tests, as we have already discussed. Generally, the cutoff range used is the lowest
normal value. Thus, if the cutoff value were adjusted to a higher value, with greater safety with respect to B12
deficiency, the actual deficiency data would be much higher than those presented here.
A study published in 2017 reviewed important points regarding vitamin B12 and performed a statistical
review of deficiency worldwide [351].
The classical manifestations of vitamin B12 deficiency (hematological and neurological changes) are
uncommon. The presence of low or marginal levels of B12 without evident hematological or neurological
compromise is much more prevalent [351].
In the United States, B12 nutritional status was studied by the National Health and Nutrition
Examination Survey (NHANES), with data collected from 1999 to 2004. The prevalence of deficiency was
estimated at 2.9%, 10.6% or 25.7% depending on the B12 level used as the deficiency cutoff, i.e., <148
pmol/L (200 pg/mL), <200 pmol/L (272 pg/mL) and <256 pmol/L (350 pg/mL), respectively. The prevalence
of deficiency increases with age, being more common in elderly individuals and more frequent in women
than in men. In this same evaluation, when the methylmalonic acid level was used as a reference, the
prevalence of deficiency was 2.3% or 5.8%, depending on the cutoff value used. Notably, vitamin B 12
fortification is more common in the United States than in other parts of the world, and studies show that
its use improved the nutritional status of B12 in that country [351].
Studies conducted in several countries used different values to classify B12 deficiency, namely:
— A value <148 pmol/L (200 pg/mL) was considered a low B12 level; and
— A value of 148–221 pmol/L (200–300 pg/mL) was considered marginal B12 deficiency.
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In general, B12 deficiency, at the marginal level, affects 40% of the global omnivorous population and
is not limited to elderly individuals [339].
The lowest prevalence of B12 deficiency is found in the United States and Europe, and the highest
prevalence is found in Latin America, Africa and Asia [351]. Data from Denmark, the United Kingdom,
Turkey, Australia, South India and Jordan are limited to the prevalence of low B 12 levels (148 pmol/L or
200 pg/mL) because the prevalence of marginal deficiency was not reported in the literature; thus, the
prevalence was well below 40% of the population [351].
It is estimated that 50 to 60% of vegetarians have low serum B12 levels [375]. A study with Australian
Adventists showed a prevalence of deficiency of 73% in the population, with no differences in serum
levels between vegans and ovo-lacto-vegetarians [387]. In addition, a review of B12 deficiency in
vegetarians found that its occurrence ranges from 0% to 86.5% in adults, being higher in strict vegetarians
who do not take B12 supplements [376].
Several studies have shown that vegetarian groups have lower vitamin B intake and lower serum
levels of vitamin B12. However, the serum B12 level of omnivores, although higher than that of vegetarians,
is also inadequate for good metabolic maintenance [49, 388-391].
Although pregnancy and childhood are not the focus of this guide, due to the importance of the
subject, it is important to note that the B12 content in breast milk depends on the B12 level in the
mother. It is important that all pregnant women have an adequate level of this nutrient, whether they
are vegetarian or omnivorous. One study evaluated 74 breast milk samples from American women,
including 29 vegans, 19 ovo-lacto vegetarians and 26 omnivores. The prevalence of low vitamin B12
levels was 19.2% in vegans, 18.2% in ovo-lacto-vegetarians and 15.4% in omnivores, with no
significant difference among the groups. In addition, 85% of the women with B12 deficiency were
taking vitamin B12 at a dose above that recommended by the DRI [392]. This again indicates that the
recommended intake needs to be reassessed.

Although the prevalence of B12 deficiency is higher in strict vegetarians, there is a high
risk of deficiency in ovo-lacto-vegetarians. Despite the lower prevalence of B12
deficiency in omnivores, it is also high in this group, and thus, evaluations should be
performed in all groups.

1.9. Recommended vitamin B12 intake
There are important points to consider in regard to the existing recommendations. Table 6.5 shows
the daily B12 intake recommended by different organizations.
Table 6.5. Daily vitamin B12 intake recommended by different organizations (adapted from references
[339, 344]):
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Adults (>18 years)

EFSA
2015
4.0 μg

D-A-CH
2015
3.0 μg

NCM
2014
2.0 μg

WHO
2004
2.4 μg

NL
2003
2.8 μg

IOM
1998
2.4 μg

SCF
1993
1.4 μg

COMA
1991
1.5 μg

IRDA
2010
1.0 μg

EFSA, European Food Safety Authority; D-A-CH, Nutrition societies of Germany, Austria, and Switzerland; NCM, Nordic Council of Ministers;
WHO, World Health Organization; NL, Health Council of the Netherlands; IOM, US Institute of Medicine; SCF, Scientific Committee on Food;
COMA, Committee on Medical Aspects of Food Policy; IRDA, Indian Recommended Dietary Allowance.

Unlike the recommendation for children, which had been very well evaluated, the recommendation
for adults is quite controversial. First, the B12 content necessary to maintain normal hematological status
(absence of anemia) and serum B12 in individuals with pernicious anemia or with low vitamin B12 intake
were evaluated. These data were used to determine the EAR, established to meet only the maintenance
of normal hemoglobin production, the last element to be reduced in B12 deficiency. In other words, this
amount provides the minimum necessary to the organism, not the amount that maintains the organism
in the best metabolic condition [393]. It is estimated that the amount of intramuscular B12 required for a
person with pernicious anemia to maintain erythrocyte synthesis is 1.5 μg/day, subtracting 0.5 μg of B 12
due to losses related to the enterohepatic cycle. Thus, it was established that the endogenous B 12
requirement is 1 μg/day. The bioavailability of ingested B12 is 50%. Thus, for 1 μg of B12 to be absorbed
per day, it is necessary to ingest 2 μg/day. As the adjustment made to obtain the RDA consists of
multiplying by two standard deviations in relation to the EAR, the vitamin B12 value established by the DRI
for adults (aged 19 to 50) is 2.4 μg/day [394]. Notably, these data are from the IOM, which supports the
DRI. Other countries have established different recommended values.
For individuals older than 51 years, the use of B12 has specific implications because 10% to 30% of
this group have atrophic gastritis, with low gastric acid production, which reduces the absorption of B 12
from food (but not that of crystalline B12 from supplements and fortified foods). For this reason, the RDA
for these individuals remains at the same value of 2.4 μg/day, provided that it is obtained from fortified
foods or supplements. Thus, in this age group, supplementation is recommended [394].
Despite the need for an intake of 2.4 μg/day for people without absorption problems, an intake of 4–
7 μg/day results in a lower level of methylmalonic acid [395]. Thus, the recommended intake should be
reassessed.
Importantly, the higher the intake, the lower the percentage absorbed. As already discussed, there is
saturation of the ileal B12 receptors at 1.5 to 2 μg per meal. In the absence of IF, only 1% of B12 is absorbed.
Different nutritional doses ingested and their percentage of absorption are shown in Table 6.6 [394].
Table 6.6. Vitamin B12 dose ingested and its percentage of absorption
B12 ingested
1 μg
5 μg
25 μg

Percent absorbed
50%
20%
25%

Final content absorbed
0.5 μg
1 μg
6.25 μg
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When considering a higher percent absorption value, there seems to be an advantage in the final result, but
the account will never be complete until we examine the initial absolute value. Thus, as observed in Table 6.6, at
a higher intake dose, even with a lower percent absorbed, the final absorbed content is higher.
Following the premises of the DRI, when evaluating groups, the EAR is used instead of the RDA. Table
6.7 shows, in several studies from Europe, the B12 intake by omnivorous groups by sex, indicating the
percentage of people with B12 intake below the EAR.
Table 6.7. B12 intake by omnivorous adults (19 to 64 years) in Europe (adapted from reference [339])
Men (EAR = 1.4 μg/day)
Study
German National
Nutrition Survey II
Danish National Survey of
Dietary Habits and PA
ENCAT 2002–2003
National FINDIET 2007
Survey
EPIC study
SLAN 2007
EPIPORTO
Riksmaten 1997–1998
Health Survey for England

n
4.912

Mean intake
6.6

% <EAR
8.0

1.283

5.8

9.1

706
730

5.0
6.6

500
662
917
517
219

5.3
5.4
9.3
6.8
6.2

Women (EAR = 1.4 μg/day)
Mean intake
4.4

% <EAR
7.7

4.3

13.2

0.0
21.2

n
6.01
6
1.48
6
875
846

4.0
4.5

0.1
18.1

36.6
14.0
2.7
7.8
13.2

451
717
1472
575
259

3.8
4.1
8.8
5.9
6.1

40.2
22.7
3.2
20.2
10.2

In addition to the data presented in Table 6.7, the average vitamin B12 intake in the United States is 5
μg/day for men and 3.5 μg/day for women. In Canada, it is 7 μg/day for men and 4 μg/day for women.
It would be interesting to extrapolate these data for supplementation or fortification of foods for the
vegan public. the intake of B12 did not reach 10 μg/day in any of these studies. Thus, supplementation
or consumption of fortified foods with a total daily dose of 10 μg for a vegan individual exceeds the
common intake of an omnivore. There will possibly be a difference if this dose is taken at once or divided
throughout the day because of saturation of the B12-IF receptor. However, studies have shown that 16%
of a single 10 μg dose is absorbed, resulting in 1.6 μg being absorbed [343].
If a vegetarian receives a daily supplementation of 10 μg of B12 and presents with
deficiency, they would probably also present with a deficiency if he or she was
omnivorous.
Compared with omnivores, ovo-lacto-vegetarians usually have a lower B12 intake. In the vegan diet,
B12 intake is practically absent if no fortified foods or supplements are consumed [371].
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1.10. Dietary sources of vitamin B12
Because plants do not require B12 for their growth and development, plants do not contain B12. Since
1955, it has been known that B12 is present in foods of animal origin. Vegetal sources of B12 include some
seaweeds and mushrooms; in this regard, there are special considerations to make [394].
It is quite difficult to distinguish true B12 from its analog forms. Most current methods of analysis,
such as gas chromatography or IF-based chemiluminescence, indicate that the B12 content in foods may
be overestimated [371]. The number of studies in humans is very small, and there are still no reliable data
to recommend the use of nonanimal foods as sources of B12 or to distinguish which vegetal sources of B12
contain true B12 or B12 analogs.
Measuring B12 in food is one of the evaluation steps. Measuring B12 in the blood is another step that,
as we have seen, is subject to uncertainty. The measurement of functional markers of vitamin B 12 is the
final evaluation to be performed, as it shows whether the B12 consumed is actually active. As we will see,
this was not done in several studies.
A study with 326 algal species showed that 171 contain B12, obtained through a symbiotic relationship
with bacteria, but all (or most) are metabolically inactive in mammals [375, 396]. Nori and Chlorella are
the richest in B12, but all or most of the B12 contained are considered analogs or corrinoids because clinical
studies do not demonstrate their efficacy in fulfilling the function of true vitamin B 12. Despite the increase
in serum levels of vitamin B12 with consumption, the mean corpuscular volume (MCV) increases, and there
is no methylmalonic acid measurement to prove actual efficacy. One study mentions in the abstract that
Chlorella is a good source of active vitamin B12, but the body of the study did not demonstrate this [397].
Another study assumes that nori and Chlorella are available sources of B12 [398].
There are interesting results in rats regarding reductions in homocysteine and methylmalonic acid levels
when consuming spirulina (a cyanobacterium) [399]. However, an evaluation of commercially available
spirulina tablets showed that despite containing high levels of B12 (127 to 244 μg of B12/100 g), the tablets
contained two corrinoid compounds, with 83% identified as pseudo-B12 (adeninyl carbamide) [400].
Due to the lack of consensus among studies and the lack of studies with adequate
markers in humans, the IVU recommends that, for safety, algae and spirulina should
not be used as reliable sources of B12.
The presence of B12 in mushrooms originates via bacterial biosynthesis in the sites where they are
grown and not to synthesis by the mushroom itself. However, there is not much information available on
the biological function of this B12 in the human body. Some mushrooms appear to contain the active form
of B12, but others contain B12 in its c-lactone form, which binds weakly to IF and is able to inhibit B12dependent enzymes in the body. Thus, we consider that mushrooms are not reliable sources of B12 [398].
The IVU recommends that, for safety, mushrooms should not be used as a reliable
source of B12.
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Additionally, as seen in Table 6.8, to obtain 2.4 μg of B12 from Portobello mushroom, it would be
necessary to eat 4.8 kg, which makes its consumption as a source of B12 unfeasible. Table 6.8 shows plant
foods with measurable B12 according to the U.S. Department of Agriculture.
Table 6.8. Plant foods with measurable B12, according to the U.S. Department of Agriculture.
Food number
in Table SR28
31019
31020

11265
11260
11266
16112
16114
16174

B12 content in μg
(in 100 g of the food)*

Food
SEAWEED
Seaweed, Canadian cultivated EMITSUNOMATA, dry
Seaweed, Canadian cultivated EMITSUNOMATA, rehydrated
MUSHROOMS
Mushrooms, Portobello, raw
Mushrooms, white, raw
Mushrooms, brown, Italian, or cremini, raw
FERMENTED SOY DERIVATIVES
Miso
Tempeh
Tempeh, cooked

2.25
0.27

0.05
0.04
0.1
0.08
0.08
0.14

Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

Table 6.9. shows the vitamin B12 content measured in different studies.
Table 6.9. Vitamin B12 content in plant foods measured in
different studies (adapted from reference [371])
Food
Tea leaves
Tea leaves
Mushroom (Porcini and Pleurotus)
Mushroom (C. cornucopioides and C. cibarius)
Mushroom (Pleurotus spp. from Sicily)
Mushroom (shiitake)
Seaweed (nori)
Seaweed (nori)
Microalgae (Klamath)
Microalgae (Chlorella)
Cyanobacteria (spirulina)
Cyanobacteria (spirulina)
Cyanobacteria (Nostoc)
Tempeh
Sauerkraut

B12 (μg/100 g)
0.1 to 1.2 (microbiological evaluation)
0.046 to 0.859 (chemiluminescence)
0.01 to 0.09
1.09 to 2.65
0.44 to 1.93
3.95 to 5.61
32.26 to 63.58
(microbiological evaluation)
25.07 to 69.20 (chemiluminescence)
31.06 to 34.27
200.9 to 211.6
127.2 to 244.3
6.2 to 17.4
11
0.02 to 8.0
>7.2
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Tea leaves, after undergoing fermentation, as occurs with miso, tempeh and shoyu, should also not
be used as a reliable source of B12.
The only reliable sources of B12 are meat, eggs, milk, cheese, fortified foods, and
supplements.
Products from intensively farmed animals are sources of B12 because the animals
receive B vitamin supplementation for growth and development.
For comparison, Table 6.10 shows foods of animal origin (other than meat) and their B12 content.
Table 6.10. Vitamin B12 content in animal products (except meat).
Food number
in table SR28

Food

B12 content in μg
(in 100 g of feed)*

DAIRY PRODUCTS
01040
01026
01229
01019
01006
01035
01032
01146
01007
01044
01004
01009
01010
01011
01256
01039
01118
01117
01095
01012
01179
01078
01036
01037
01017
01159
01001
01145

Cheese, Swiss
Cheese, mozzarella, whole milk
Cheese, white, white cheese
Cheese, feta
Cheese, brie
Cheese, provolone
Cheese, parmesan, grated
Cheese, parmesan, shredded
Cheese, camembert
Cheese, pasteurized process, Swiss
Cheese, blue
Cheese, cheddar
Cheese, cheshire
Cheese, colby
Yogurt, Greek, plain, nonfat
Cheese, roquefort
Yogurt, plain, skim milk, 13 grams protein per 8 grams
Yogurt, plain, low fat, 12 grams protein per 8 grams
Milk, canned, condensed, sweetened
Cheese, cottage, creamed, large or small curd
Sour cream, light
Milk, producer, fluid, 3.7% milkfat
Cheese, ricotta, whole milk
Cheese, ricotta, part skim milk
Cheese, cream
Cheese, goat, soft type
Butter, salted
Butter, without salt

3.34
2.28
1.75
1.69
1.65
1.46
1.4
1.4
1.3
1.23
1.22
0.88
0.83
0.83
0.75
0.64
0.61
0.56
0.44
0.43
0.42
0.36
0.34
0.29
0.25
0.19
0.17
0.17
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EGGS
01138
01125
01140
01128
01123
01130
01057

Egg, duck, whole, fresh, raw
Egg, yolk, raw, fresh
Egg, quail, whole, fresh, raw
Egg, whole, cooked, fried
Egg, whole, raw, fresh
Egg, whole, cooked, omelet
Eggnog

5.4
1.95
1.58
0.97
0.89
0.76
0.45

Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

1.11. Factors that affect B12 in foods
Vitamin B12 is water soluble and sensitive to light as well as to oxidation by reducing agents such as
ascorbic acid, sulfite and ferrous salts [401].
The bioavailability of B12 varies based on the animal product evaluated: 42% for fish meat, 56% to
89% for lamb meat and 61% to 66% for chicken meat [402].
Cooking meat leads to a loss of approximately 10% to 40% of the B12 content [401, 403, 404].
Eggs have the lowest bioavailable B12: less than 9% [402].
The bioavailability of B12 from cow milk is 65%. The processing of milk causes a substantial loss of B12,
as shown in Table 6.11.
Table 6.11. Percent content of vitamin B12 lost from cow milk undergoing different heat treatments
(modified from references [402, 404]).
Cooking method
Boiling for 2 to 5 minutes
Boiling for 30 minutes
Microwaving for 5 minutes
Pasteurization

Loss of vitamin B12
30%
50%
50%
5-10%

In another study, heating led to a loss of 50% of B12 content in milk after 10 minutes of boiling.
Reconstituted milk powder contains only 25% of the B12 initially present [394].
Chocolate-flavored milk has a higher loss of B12 (approximately 33.5% loss) than does unflavored milk
(15% loss) during heat processing (1 h at 100 °C) [398].
During the production of hard cheeses, 44% to 52% of the B12 originally contained in milk is lost due
to the removal of whey [401].
The bioavailability of B12 from fortified cereal flakes is 60% [339].
The use of fiber does not affect B12 absorption [394].
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The colonic microbiota, despite producing B12, is located posterior to the absorption site. Studies
using pro- and prebiotics to increase the microbiota and, consequently, the production of B12, failed to
demonstrate whether B12 is absorbed because there was no change in the laboratory parameters for the
vitamin [405].
Organic foods
The use of cattle manure as an organic fertilizer appears to add B12 to spinach leaves
(0.14 μg/100 g) [406]. However, organic fertilizers contain corrinoid forms of B12 [407].
Ruminants have no dietary source of vitamin B12; they synthesize it through their microbiota, which
requires the presence of cobalt. Thus, the presence of cobalt is important to ensure the adequate
synthesis of vitamin B12 [401].
It is common practice to supplement B12 in farmed animals, along with cobalt or
cyanocobalamin. Thus, an omnivorous diet ensures a supply of B12 via the
supplementation given to animals. A vegetarian diet requires that supplements be
taken directly by humans.

1.12. Treatment of B12 deficiency
It is important not to rely on foods for the treatment of B12 deficiency.
Vitamin B12 deficiency in omnivorous or vegetarian patients should not be treated
through the diet, as this approach is ineffective.
For decades, B12 deficiency has been mostly treated via injectable B12. This approach is unnecessary
in almost all situations, and a better understanding is needed regarding how to approach treatment orally,
even for individuals with malabsorption problems and lacking IF.
The main knowledge related to B12 supplementation is discussed below.
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1.12.1. B12 types
Which vitamin B12 should you use?

All vitamin B12 types (methyl-, adenosyl-, cyano- or hydroxycobalamin) work well for the treatment of
B12 deficiency [408]. Vitamin B12 in supplements is obtained from bacterial cultures in a laboratory, and
all available B12 types have similar bioavailability and action.
For vegetarians, it is important to verify that no animal products were added during
the formulation of supplements, including collagen capsules, because this would be
incompatible with choices by vegetarians and, especially, vegans. Vegetable capsules
made of algae should be used instead.
Compared with cyanocobalamin, methylcobalamin has a more efficient biochemical utilization,
provides greater elevation of methionine synthetase and is found in greater amounts in the liver after
administration. Both forms are absorbed a similar rates. As the excretion of methylcobalamin is ⅓ that of
cyanocobalamin at a similar dose, its tissue retention is higher [409].
Cyanocobalamin is the most stable form for B12 storage [408, 410]; therefore, this may be a technical
advantage for its use due to the maintenance of bioactivity and consequent need for a lower dose.
As cyanocobalamin contains the -CN radical (cyanide), the possibility of intoxication has been
suggested, but this is not a concern in individuals with preserved renal function.
Cyanide
Cyanide poisoning is common in exposure to fire smoke (hydrogen cyanide), resulting from the
inhalation of smoke from fuels, plastics, wool, and materials containing nitrogen. Cyanide binds to
oxidized iron (Fe+3) in cytochrome oxidase (in the inner mitochondrial membrane), prevents its
reduction and blocks the transport of electrons, which makes ATP production impossible and leads
to increased lactate production with metabolic acidosis. Hydroxycobalamin is the treatment of
choice for cyanide poisoning, as it removes the -CN radical [411].
Cyanide is continuously excreted by the kidneys and does not accumulate in the body. The lethal
dose of cyanide is 50 to 100 mg, a level impossible to reach with the use of cyanocobalamin [412].
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In the presence of loss of renal function (with a glomerular filtration rate <50 mL/min/1.73 m2), it is
advantageous not to use cyanocobalamin to avoid an increase in the cyanide radical in the body [410].
Thus, the use of methylcobalamin is always indicated, and hydroxycobalamin can also be used.
Hydroxycobalamin is the form of choice in two situations: individuals with cyanide poisoning and
individuals with rare genetic defects in which methyl- and adenosylcobalamin do not form with the use
of cyanocobalamin [408].
The following routes can be used in the treatment of B12 deficiency: intramuscular, oral, sublingual
and, less commonly, nasal.

1.12.2. Oral or intramuscular
The treatment of B12 deficiency using injectables is the choice of many physicians due to a lack of
knowledge that oral treatment is effective, even in patients with impaired acid or IF production or who
underwent gastrectomy.
In the absence of IF, the B12 absorption rate is 1%. This absorption occurs throughout the entire length
of the digestive tract mucosa. As the B12-IF receptor is saturable, after a particular dose, absorption will
only occur by diffusion. The higher is the dose, the greater the absorption, even with a lower percentage
of absorption.
Therefore, for oral treatment, the dose given must be high. Evidence from the literature
recommends a dose greater than 1,000 μg.
A previous study showed that a high dose of vitamin B12 is as effective as parenteral treatment. Using
radioactive B12, it was found that 0.5% to 4% of the oral dose is absorbed, that is, with a dose of 1,000 μg,
the average absorption is 5 to 40 μg of B12 [413]. Notably, the required absorbed B12 to maintain
erythrocyte production is 1 μg/day.
Randomized studies with an B12 oral dose of 1,000–2,000 μg/day show equivalence or superiority
to the use of injectable B12 [414-416].
The use of 1,000 to 2,000 μg/day of B12 orally is safe, even for people with pernicious anemia [417,
418].
A systematic review published in 2018 concluded that oral B12 replacement at a dose of 1,000 μg/day
is adequate to normalize the serum level and cure the main clinical manifestations of B12 deficiency. Thus,
oral B12 is effective and an excellent alternative to injectable treatment, except for patients with severe
neurological manifestations [419]. In these patients, treatment with injectable B12 is recommended.
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The sublingual route has also been compared to the injectable route. The largest study of this
comparison showed that with the same dose used (1,000 μg intramuscular or 1,000 μg sublingual), the
sublingual route was superior to the injectable route [420].
The oral/sublingual route is an effective alternative to the injectable route.
The IVU recommends the use of 1,000 to 2,000 μg/day of B12, , orally or sublingually,
for the treatment of B12 deficiency.
The cost and effectiveness of oral B12 are excellent [420].
The amount of B12 absorbed orally after the use of a single dose is shown in Table 6.12 [343]:
Table 6.12. Vitamin B12 content absorbed after the ingestion of a single oral dose
Individuals with
Individuals with
Content ingested
normal absorption
malabsorption
1 μg
0.56 μg (56%)
0.01 μg (1.2%)
10 μg
1.6 μg (16%)
0.1 μg (1.2%)
50 μg
1.5 μg (3%)
0.6 μg (1.2%)
500 μg
9.7 μg (2%)
7.0 μg (1.3%)
1,000 μg
13 μg (1.3%)
12 μg (1.2%)
The amount retained after an injectable dose of B12 is shown in Table 6.13.[343]
Table 6.13. Retained vitamin B12 content after an injectable dose of B12
Individuals with
Individuals with
Content ingested
normal absorption
malabsorption
10 μg
9.7 μg (97%)
9.7 μg (97%)
100 μg
55 μg (55%)
55 μg (55%)
1,000 μg
150 μg (15%)
150 μg (15%)

1.12.3. Oral or sublingual
The oral and sublingual routes show bioavailability and a similar effects in the treatment of B12
deficiency [355, 421, 422].
Although there is no difference in the treatment outcome with the same oral or sublingual B 12 dose,
it is possible that for maintenance, due to the presence of R factor from saliva, the presence of B12 for a
longer time in the mouth can better protect it from degradation and provide greater absorption [371].
Under this condition, the liquid form, sublingual tablets, and any chewable form that keeps B12 in contact
with saliva for a longer time will have similar effects.
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1.12.4. Toothpaste
A 12-week randomized, double-blind, placebo-controlled study evaluated the effect of a toothpaste
containing B12 (100 μg/g cyanocobalamin). Its use was recommended twice a day for two minutes, and it
was estimated that this would release 130 to 290 μg of B12 into the mouth per day; however, the
absorption was unknown. The serum levels of B12, holo-TC, homocysteine and methylmalonic acid were
evaluated. The intervention led to an increase in B12 and holo-TC levels and a reduction in methylmalonic
acid and homocysteine levels. The greatest change was observed in vegans who were not using B 12
supplements prior to the study [423].

1.12.5. When fasting or with food?
During fasting, 2.8 to 13.7 μg of a 500-μg dose of B12 is absorbed, and with food, 1.8 to 7.5 μg of a
500-μg dose of B12 is absorbed [343].
Despite greater absorption during fasting, from a practical standpoint, if it is necessary to other
supplements with a full stomach, B12 can also be taken at this time, so as to avoid forgetting to take it. If
necessary, the dose can be increased to reach the desired serum level.

1.12.6. How long should it be used?
The literature does not address specific treatment times, but results show that with oral B 12, there is
an abrupt increase in the first 7 to 15 days and a progressive increase in the first 2 to 3 months of
treatment [380, 424, 425].
Thus, it seems prudent to maintain the treatment dose for at least three months
before measuring the final B12 value reached with treatment.
Serum or plasma vitamin B12 reflects the overall amount of stored B12, and its measurement is
necessary for assessing the long-term nutritional status, which is relatively unaffected by recent ingestion
[339]. Therefore, it is not necessary to discontinue the use of B12 supplements days before blood test
collection.

1.13. Expected response to treatment
Patients with Megaloblastic anemia caused exclusively by B12 deficiency respond to treatment with
increased reticulocytes in approximately five days, and complete recovery of red blood cells occurs in four
to six weeks [426].
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In the first weeks, homocysteine and methylmalonic acid levels are corrected. As vitamin B12 and holoTC increase rapidly via supplementation, they are not the best markers for immediate evaluation because
they do not yet represent the tissue distribution of B12 [343].
Neurological responses are usually slower, except for emotional lability, paranoia, and irritability
symptoms, which improve rapidly. Some patients experience worsening of tingling sensations in the first
week of treatment. The duration and severity of previous symptoms are indicative of the recovery time.
In general, paresthesia without sensory loss and motor weakness are completely reversed [427].
Neurological improvement begins in the first week and peaks in six weeks to three months, with an
apparent advantage when treatment is intensive. When symptoms persist after 6 to 12 months of
treatment, recovery is more difficult, and neurological sequelae may remain [343].

1.14. B12 toxicity, side effects and misinterpretations
Excess vitamin B12 intake does not cause toxicity, whether from supplements or fortified foods [428].
The use of 25 mg (25,000 μg) of parenteral B12 per day for ten days, followed by 25 mg per month for
five months, was shown to cause no toxicity [429].
There are concerns about anaphylaxis with B12 injections, but this is a very rare finding and may result
from the preservatives used and not from B12 itself [343, 430].
Monomorphic acneiform eruptions are the most common side effects of B12 use [366]. They are not
related to toxic effects of B12. Patients with acneiform eruptions may be treated with a lower B 12 dose to
normalize homocysteine and methylmalonic acid levels via the lowest possible dose because with the
increase in B12 levels, eruptions also increase.
In 2017, a study initially designed for cardiological assessments evaluated the effect of B vitamin use
on the risk of fractures. In this study, vitamin B6, , but not B12 or folate, was associated with an increased
risk of fractures [431]. One year later, a meta-analysis that brought together six randomized and
controlled trials showed that the use of vitamin B12 with folic acid did not increase the risk of fractures
[432]. In 2019, a study associated the combined use of high doses of vitamins B6 and B12, in supplements
or foods, with the risk of hip fracture in postmenopausal women [433]. Given current knowledge, vitamin
B12 can be used safely with regard to the risk of fractures, but vitamin B6 should be used with caution.
In the context of cancer, a 2017 study associated an increased risk of lung cancer with the use of
vitamin B12 (>55 μg/day) and B6 (>20 mg/day) alone (not in multivitamins) in men but not in women [434].
The following year, a systematic review and meta-analysis showed that B vitamins, including B12, do not
increase the risk of lung cancer but rather have a protective effect [435]. In 2019, an observational study
associated elevated serum B12 levels with lung cancer [436]. The association found in the latter study is
notable for two reasons. First, a higher vitamin B12 level is common in cancer patients, either due to
changes in transcobalamins or changes in hepatic or renal clearance, as we will discuss below. Second,
the consumption of red meat, a food high in vitamin B12, increases the risk of lung cancer, as already
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demonstrated in a meta-analysis in which the consumption of 120 g of red meat per day increased the
risk of lung cancer by 35%; for each 50 g/day increase in processed meat consumption, the risk increased
by 20% [437]. Thus, the higher plasma level of vitamin B12 in individuals with lung cancer may indicate
higher red meat consumption or, simply, a change in plasma B12 levels commonly observed in patients
with cancer.
Complementing these data, a meta-analysis of controlled trials that included 74,498 individuals using
high doses of vitamin B12 (in some studies, 1,000 to 2,000 μg/day) found no relationship with an increased
risk of cancer [438].
High vitamin B12 levels without supplement use
B12 levels are influenced by the concentration of two plasma-binding proteins (holo-TCII and
haptocorrin (TCI and TCIII)). A high haptocorrin level is associated with liver diseases,
myeloproliferative diseases (such as chronic myeloid leukemia) and other malignant diseases [351].
B12 levels greater than 1,200 pmol/L (1,626 pg/mL) without supplement use is related to a higher
incidence of various types of cancer [439].
The presence of anti-IF antibodies can also cause a false elevation of serum B12 and hinder diagnosis
[440].
Despite an association with cancer, elevated B12 levels can also occur due to liver and kidney disease
[347].
Haptocorrin (TCI and TCIII) can be released by proliferating leukocytes. In liver disease, one of the
explanations is the reduction in haptocorrin clearance associated with the release of B 12 from
injured hepatocytes. In solid tumors, there may be an increase in B12 because haptocorrin can be
synthesized by these organs (kidney, breast, lung, and prostate). In autoimmune diseases, there may
be greater production of transcobalamins and haptocorrin, and there may be a reduction in their
clearance and renal filtration [347].
Thus, individuals with elevated B12 levels who do not use supplements should be assessed for
oncological and autoimmune diseases.

1.15. Maintenance of an adequate B12 level
The data in the literature are scarce regarding direct and assertive guidance on a maintenance dose
of vitamin B12, especially because it varies from person to person and differs between younger and older
adults; notably, there are few studies with the vegetarian population.
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How much vitamin B12 should you supplement?

In addition, the dose will depend on the desired serum B12 level. The IVU recommends greater than
360 pmol/L (490 pg/mL) when it is not possible to evaluate functional markers of B12 (homocysteine and
methylmalonic acid).
What doses increase B12 to this level in serum, and if the cited value is not reached, what doses reduce
homocysteine and methylmalonic acid levels to safe value?
Theoretically, in individuals with no absorptive disorders, when the B12 level recovers through
supplementation, only a proper diet or supplementation with nutritional doses is able to maintain a good
B12 level in the body. The same would not occur in individuals with absorptive defects [351].
There have been reports of the maintenance of adequate homocysteine and methylmalonic acid
levels in young omnivorous individuals without absorptive defects who intake 7 to 10 μg/day of dietary
B12 [339]. For people with absorptive disorders, at least 500 μg/day of oral B12 should be prescribed [339].
An oral dose of 50 to 100 μg/day or 2,000 μg/week in the form of cyanocobalamin is commonly
recommended as theoretically sufficient to ensure passive and receptor-mediated absorption of 2.4 μg
of B12 per day and preserve B12-dependent functions [371]. However, this dose does not provide
satisfactory results in many individuals.
Thus, to determine a safer maintenance dose that can be recommended for the general population,
we reviewed studies that reported B12 values before and after specific oral doses were taken. Table 6.14
is organized based on increasing dose. The table includes adults, elderly individuals and pregnant women
(1 study), with an upcoming discussion of the findings for these groups.
Table 6.14. provides the results of different interventions (in adults) and oral doses, indicating the
initial and final B12 values.
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Table 6.14. Elevation in serum vitamin B12 with different oral doses in different groups
Duration Initial
of use
B12*

Final
B12*

Sublingual
cyanocobalami
n

3
months

146
pmol/L
(200
pg/mL)

50 μg/day

Unspecified
type

4.5
months

500
μg/day

Cyanocobalami
n

500
μg/day

Dose

B12 type

50 μg/day

Refere
nce

N

Markers

> 240
pmol/L
(325
pg/mL),

18 vegetarians
(ovo-lacto and
vegan)

Reduction in MMA and HCY and
elevation of holo-TC

[424]

160
pmol/L
(220
pg/mL)

184
pmol/L
(250
pg/mL)

183 pregnant
Indian women

There was no difference in the
levels of HCY and MMA
compared to those in the
placebo group, which exhibited
reduced levels of B12 at the end
of the study.

[441]

2
months

183
pmol/L
(250
pg/mL)

340
pmol/L
(465
pg/mL)

100 elderly
individuals (using
doses of 10 μg, 100
μg and 500 μg)

Reduced, but did not normalize,
the MMA level in all omnivorous
elderly individuals

[442]

Oral
cyanocobalamin
as a multivitamin
(B9 and B6)

2 years

332
pmol/L
(451
pg/mL)

690
pmol/L
(938
pg/mL)

110 elderly
omnivores

30% reduction in the HCY level
and an increase in holo-TC.

[443]

500
μg/day

Oral as
multivitamin
(B9 and vitamin
D);
type not
described

2 years

272
pmol/L
(370
pg/mL)

592
pmol/L
(805
pg/mL)

541 elderly
omnivorous adults

Reduction in MMA and HCY and
an increased
holotranscobalamin

[444]

500
μg/day

Type not
described, used
in vitamin
complex (B9
and B6)

1 year

204
pmol/L
(354
pg/mL)

800
pmol/L
(1067
pg/mL)

24 younger and
elderly adults and
elderly adults with
osteoporosis (aged
55–82)

Reduction in HCY

[386]

500 μg

Not described

1 year

308
pmol/L
(420
pg/mL)

517
pmol/L
(703
pg/mL)

34 adults and
elderly adults (46–
88 years)

Reduction in HCY

[445]

500 μg

Oral, type not
described, as a
multivitamin
(B9 and B6),
vitamin D and
calcium.

12
weeks

134
pmol/L
(182
pg/mL)

379
pmol/L
(515
pg/mL)

50 adult
vegetarians

Reduction in HCY; there was no
significant reduction in MMA.

[446]

500 μg

Sublingual,
cyanocobalamin,
used with food

8 weeks

94
pmol/L
(130
pg/mL)

279
pmol/L
(380
pg/mL)

10 omnivorous and
vegetarian adults

[422]

Oral,
cyanocobalamin,
used with food

8 weeks

108
pmol/L
(147
pg/mL)

241
pmol/L
(328
pg/mL)

10 omnivorous and
vegetarian adults

Measurement of B12, HCY and
MMA at 4 weeks; no difference
in the final effect between the
groups; nonsignificant reduction
in HCY and MMA

[422]

195
250 μg 2 x/day of
oral
cyanocobalamin
in a vitamin
complex (B1 and
B6)

8 weeks

98
pmol/L
(133.3
pg/mL)

266
pmol/L
(361.8
pg/mL)

10 omnivorous and
vegetarian adults

[422]

1,000 μg

Sublingual
cyanocobalamin

Retrosp
ective
evaluati
on (use
for 6
month)

224
pmol/L
(298
pg/mL)

414
pmol/L
(551
pg/mL)

3,451 omnivorous
adults

MMA and HCY levels not
evaluated

[420]

1,000 μg

Cyanocobalami
n (mixed in 20
mL of fruit
juice)

10 days

55
pmol/L
(72.9
pg/mL)

160
pmol/L
(213.8
pg/mL)

26 omnivorous
patients

Not measured

[447]

1,000 μg

Oral
cyanocobalamin

28 days

158
pmol/L
(215
pg/mL)

354
pmol/L
(481
pg/mL)

19 omnivorous
adults

increase in holotranscobalamin
and decrease in MMA

[380]

1,000
μg/day

Oral
cyanocobalamin

12
months

231
pmol/L
(315
pg/mL)

641
pmol/L
(872
pg/mL)

91 elderly adult
omnivores

Increase in holo-TC and
reduction in HCY

[448]

2,000
μg/day

Oral
cyanocobalamin

120
days

70
pmol/L
(93
pg/mL)

754
pmol/L
(1,005
pg/mL)

18 omnivorous
adults

Reduction in HCY and MMA

[414]

2,000
μg/week

Sublingual
cyanocobalamin

3
months

131
pmol/L
(179
pg/mL)

> 240
pmol/L
(326
pg/mL)

18 vegetarians

Reduction in MMA and HCY and
increase in holo-TC

[424]

MMA = methylmalonic acid; HCY = homocysteine * The mean value, without standard deviation (SD),
is shown for ease of reading. The SD can be easily found in the original articles.

The table shows interesting data that require further discussion.
As seen in previous studies, the increase in B12 is more abrupt in the first two weeks and continues
increasing for 2 to 3 months. Therefore, the most appropriate results are for interventions performed for
at least 3 months. Therefore, we comment on the results of these studies in elderly and young adults.

Elderly adults
There are four studies with elderly adults with a follow-up time longer than one year, in which B12
was administered at a dose of 500 μg/day, with excellent results. With this dose, the minimum B12 level
was 517 pmol/L (703 pg/mL). Additionally. one study administered a dose of 1,000 μg/day, and the level
peaked at 641 pmol/L (872 pg/mL) after 12 months.
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A study that administered 500 μg/day for eight weeks reduced, but did not normalize, the
methylmalonic acid level in omnivorous elderly individuals [442]. This may result from the duration of B12
use because, with more time, all other studies demonstrated efficacy with this dose.
A study not included in the table because it did not provide the final B 12 level reached using three
different doses (25 μg, 100 μg and 1,000 μg per day of oral cyanocobalamin) showed that the 23 elderly
individuals evaluated exhibited a reduction in methylmalonic acid with all doses provided, but in most
individuals, the methylmalonic acid level only normalized with the dose of 1,000 μg/day [449]. As the
study did not evaluate the 500-μg dose, the results of such a dose are unknown.
The IVU recommends, based on current evidence, a daily B12 dose of 500 μg for elderly adults because
it is safe and able to increase serum vitamin B12 levels to optimal values and reduce homocysteine and
methylmalonic acid levels. This dose can be modified by health professionals for individual patients.

Younger adults
There are fewer studies with adults, and some mix this population with elderly adults. The
intervention time to evaluate the initial and final B12 levels is shorter, sometimes not exceeding two
months.
Daily doses of 50 μg or weekly doses of 2,000 μg were not sufficient to attain 360 pmol/L (490 pg/mL),
despite reductions in methylmalonic acid and homocysteine levels.
In one study, after a 12-week intervention and a dose of 500 μg/day, the B12 level was 379 pmol/L
(515 pg/mL).
In studies with younger adults mixed with elderly adults, the final results indicate that a dose of 500
μg/day increases B12 levels to concentrations greater than 360 pmol/L (490 pg/mL) when used for more
than three months.
In studies that were performed for two months, B12 levels did not exceed 360 pmol/L (490 pg/mL) at
a dose of 500 μg/day; however, B12 was still increasing. A 500-μg dose used for two months has shown
effective and significant results regarding the elevation of serum B12, but not always with a reduction in
methylmalonic acid.
In a study with younger adults and another with elderly adults, 1,000 μg/day was necessary to
increase the B12 level to a concentration greater than 360 pmol/L (490 pg/mL).
Thus, based on review and considering all the limitations associated with the design and
heterogeneity among studies, the IVU recommends 500 μg/day of vitamin B12 for younger adults
when not monitored by a health professional capable of determining an individualized value.
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There are few studies that investigate weekly doses, but it is known that with an increasing B12 dose,
the absorbed fraction decreases but the absolute value increases. It is possible that instead of 2,000
μg/week, a dose of 5,000 μg/week should be used, but there are no data to support this value.
Thus, the official recommendation of the IVU is as follows:
Given the data presented and considering all the limitations resulting from study
designs and heterogeneity among study populations, the IVU recommends 500
μg/day of B12 in the form of supplements for younger and elderly adults.
Individualized doses should be adjusted based on laboratory measurements
obtained by health professionals monitoring individuals.

As stated above, this guide does not specifically focus on pregnant women, but notably, low doses
do not correct B12 deficiency in this population. In a study with Indian pregnant women who used 50
μg/day, serum B12 levels increased from 160 pmol/L (220 pg/mL) to only 184 pmol/L (250 pg/mL).
There was no difference in homocysteine or methylmalonic acid levels compared with those in the
placebo group, whose initial B12 levels were 141 pmol/L (194 pg/mL) in the first trimester and 105
pmol/L (144 pg/mL) in the third trimester [441].
Regarding the use of B12, all types can be used; cyanocobalamin is the most shelf stable but should
not be used by individuals with loss of renal function, as previously explained.
For better use and lower costs for consumers, the best B12 supplement choices are as
follows:
— cyanocobalamin (lower cost and longer shelf life);
— supplements that come in contact with saliva (R factor protects B 12 in the
digestive tract): sublingual drops, orodispersible tablets or chewable tablets.
However, this recommendation is questionable given that a study comparing
oral and sublingual use showed the same final effect;
— consumption of supplements in the fasting state (greater absorption); and
— consumption separate from other supplements (to protect B12 from the
interference of other salts).
However, studies also show results for B12 in its other forms, including as food and in multivitamins.

Continuing the evaluation
In the context of individual nutritional adjustments monitored by a health professional, we
recommend the following: three months after the institution of a deficiency-correction dose, a
reassessment be performed to determine whether the serum B12 concentration reached the desired level.
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Do not discontinue B12 use after reaching the desired concentration. The dose
should be adjusted based on laboratory monitoring.
If the value found is much higher than desired, the dose can be reduced and evaluated later (after
three months). If, with the correction dose initially established, the level does not reach the desired
concentration, the dose should be increased. If with the correction dose the serum B12 level remains
within the desired concentration range, the dose should be maintained.
The IVU recommends that the maintenance dose should be determined individually
by health professionals for each individual, always aiming to maintain a B12 level
greater than 360 pmol/L (490 pg/mL) when it is not possible to evaluate
homocysteine or methylmalonic acid levels.
We also recommend that individuals treated by health professionals have their
doses individualized based on laboratory tests, knowing that there may be a need
for a continuous high dose of 2,000 μg/day.

1.16. Deficiency prevention
The fortification of foods (wheat flour, bread, breakfast cereals, cereal bars, energy drinks and mineral
water) is a measure that supplies B12 to consumers and improves B12 levels [450, 451].
The consumption of foods fortified with B12 is an initiative recommended by the Food Fortification
Initiative and approved by the WHO. The recommendation is important given the high prevalence of
deficiency and the fact that elderly adults, due to a higher prevalence of hypochlorhydria or achlorhydria,
benefit from the use of crystalline B12 (disassociated from the food matrix). The addition of B12 to products
already fortified with folic acid also eliminates the still controversial issue regarding a high level of folate
exacerbating B12 deficiency. The suggested recommendation is to add 20 μg/kg, assuming a consumption
of 75–100 g of flour per day. This amount would supply 75–100% of the EAR and is a public health measure
that benefits both vegetarians and omnivores [339].
The use of B12 in fortified foods or low-dose supplements has an effect on the increase in serum B12,
but with a dose above 10 μg, the increase is no longer progressive and plateaus. In this condition, each
time the amount supplied is doubled, the increase is 45 pmol/L (61 pg/mL), with no difference if B12 is
supplied in the form of supplements, fortified foods or other foods [339]. Physiologically, the ileal B12-IF
receptor is saturable, with a maximum B12 absorption of 2 μg per meal. Thus, the use of a smaller dose
more times a day would, theoretically, be more effective than a single dose in a dietary (nondrug) amount.
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1.17. When I become vegetarian, when should I start taking B12
supplements?
A controlled trial showed that the transition from an omnivorous diet to a vegan diet led to a decrease
in serum B12 levels from 271 pmol/L (362 pg/mL) to 222 pmol/L (296.1 pg/mL) in four weeks. In this same
period, the holo-TC level decreased from 67.3 to 43.6 pmol/L, but the methylmalonic acid and
homocysteine levels did not change. In that study, the intake of 4.8 μg/day of B 12 was reduced to 0.8
μg/day [452]. In other words, the almost total removal of B12 from the diet can reduce serum B12 by
approximately 52 pmol/L (69 pg/mL) in one month.
A study published in 2018 recruited 54 omnivores who modified their diet to an ovo-lacto vegetarian
pattern. This change in diet resulted in a 51.2% reduction in B 12 intake and in the B12 serum level (-18.4
pmol/L or -24.5 pg/mL) in a three-month period. The greatest reduction occurred in young individuals,
overweight individuals, nonsmokers and individuals with hypercholesterolemia [453].
The idea that a liver stock of B12 can meet the body’s demand for three to five years gives the false
idea that it is not necessary to consider B12 when reducing or excluding its dietary sources. This idea should
be rejected because the prevalence of B12 deficiency and its marginal levels in omnivores is high
(approximately 40% of the world population), and by reducing or eliminating the consumption of foods
of animal origin, a possibly already low level (in the omnivorous pattern) can be further reduced and lead
to measurable metabolic and clinical changes.

1.18. IVU’s opinion regarding vitamin B12 in vegetarian diets
Regarding nutritional care:
— Always seek foods fortified with vitamin B12 or B12.
— If possible, consume at least 5 μg of B12 per day through fortified foods.
— Do not use seaweed, mushrooms, or fermented foods as reliable sources of vitamin B12.
Recommendation for B12 supplementation
— The use B12 supplements is recommended for all vegetarians, whether ovo-lacto, lacto or strict.
— Supplementation should be instituted from the beginning of the adoption of a vegetarian
diet, considering that 40% of the omnivorous population already has inadequate B 12 levels
and that the reduction in B12 intake further decreases serum B12 levels.
— For better use and lower costs, the best choice is cyanocobalamin (lower cost and longer
shelf life), consumption of B12 in a fasting state (greater absorption) and consumption of
B12 separate from other supplements (to protect B12 from interference from other salts).
Safe serum B12 level
— Maintain serum B12 levels above 360 pmol/L (490 pg/mL) when there is no concomitant
measurement of homocysteine and methylmalonic acid levels.
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— When it is possible to measure homocysteine and methylmalonic acid levels, serum B12
levels should be individualized.
B12 deficiency treatment
— Vitamin B12 levels should be corrected with 1,000 μg to 2,000 μg of B12 per day, orally (or
sublingually), except for patients with neurological emergencies, for whom an
intramuscular application of at least 1,000 μg of B12 can be used, always followed by daily
and continuous oral use.
— Any form of B12 can be used, with cyanocobalamin having the most shelf stable.
— B12 elevation is quite rapid in the first week when using the oral route. After three months
of continuous use, the B12 concentration becomes more stable, providing a good time to
reassess the dose used.
Maintenance of an adequate B12 level
— Individuals under professional follow-up should maintain a B12 level determined based on
an individual assessment to provide a personalized daily dose.
— Individuals not followed up by a health professional should routinely use 500 μg of B 12 per
day until they can have the dose individualized.
— A weekly dose can also be used, but for the general population, due to the lack of studies
on effective B12 doses, it is not possible to establish a safe dose. The data indicate that a
dose of 2,000 μg is insufficient.

201

202

2. VITAMIN D
Vitamin D is a steroid hormone.
Adolf Otto Reinhold received a Nobel Prize in 1930 for identifying its chemical structure. Early studies
showed the role of vitamin D in calcium metabolism and bone homeostasis. In recent decades, our view of this
compound has expanded with the discovery of extraosseous actions in different body systems [454].
Vitamin D deficiency is a current problem with high prevalence worldwide, including in industrialized
countries. Due to food source scarcity, food fortification with vitamin D is an important strategy to minimize the
negative impact of its deficiency worldwide, although it is still seldom adopted by countries [455].
In the context of vegetarianism, studies show lower serum vitamin D levels in this group; therefore,
we will consider this topic in this chapter.

2.1. Chapter overview
—
—
—

—

—

—
—

Vitamin D is a steroid hormone with intraosseous and extraosseous actions.
There are five forms of vitamin D (D2, D3, D4, D5 and D6), with D2 and D3 being the
most commonly found in nature.
When derived from the diet, vitamins D2 and D3 are absorbed and, via chylomicrons
and vitamin D transporters, reach the liver, where they are hydroxylated and form
25-hydroxyvitamin D (25OHD). When derived from D3, 25OHD3 is formed, and when
derived from D2, 25OHD2 is formed.
The endogenous formation of vitamin D has 7-dehydrocholesterol (provitamin D),
found in the skin, as its precursor; under the action of UVB rays, it is converted into
previtamin D3.
Previtamin D is transported to the liver by vitamin D transporters and, in this organ,
undergoes a first hydroxylation, becoming 25-hydroxyvitamin D (25OHD), similar to
vitamin D originating from the diet.
25OHD is the form measured for assessing the vitamin D nutritional status, and its
half-life is two to three weeks.
In the kidneys, under the action of parathyroid hormone (PTH), the enzyme 1-αhydroxylase promotes a second hydroxylation, converting 25OHD to 1,25(OH)2D,
which is the active form of vitamin D and has a short half-life of 4 hours.
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—
—
—
—

—
—
—
—
—
—

—

—

—
—

—

—

In calcium metabolism, vitamin D optimizes the intestinal absorption of calcium, as
well as that of phosphorus, and plays a role in the formation of osteocalcin.
Vitamin D receptors, as well as the presence of 1-α-hydroxylase, have been identified in
more than 30 tissues, demonstrating the extraosseous action of this vitamin.
In macrophages, vitamin D increases the production of defensin β2 and cathelicidin,
antimicrobial peptides with microbicidal effects.
Studies show an inverse relationship between 25OHD levels and cardiovascular
disease, serum lipids, inflammation, changes in glucose metabolism, weight gain,
mood disorders, cognitive decline and Alzheimer's disease. However, vitamin D
supplementation do not cause changes in the outcome of these diseases.
The recommended intake of vitamin D should be reassessed because it was
determined only for the maintenance of bone health.
For individuals 1 to 69 years of age, different countries have recommendations for
daily use ranging from 400 to 800 IU/day (10 to 20 μg/day).
The recommendation by The Endocrine Society is 1,500 to 2,000 IU/day.
The upper intake level (UL) of vitamin D is 4,000 IU according to the Institute of
Medicine (IOM) and EFSA and 10,000 IU/day according to The Endocrine Society.
Adequate serum vitamin D levels are based on bone health, and there are
disagreements as to the adequate maintenance level.
The IOM recommends a maintenance level of >50 nmol/L (>20 ng/mL), but some
researchers suggest an optimal level ranging from 75 and 125 nmol/L (30 and 50 ng/mL).
The Endocrine Society Clinical Practice Guideline recommends 75 nmol/L (30 ng/mL).
Natural dietary sources of vitamin D are scarce, with fish being the major source due
to their consumption of microalgae. Even so, the content is usually insufficient to
meet requirements in fish eaters.
Freshly harvested mushrooms are a source of low vitamin D content, but when
irradiated with UVB light (from the sun or fluorescent lamps), they are the food most
rich in vitamin D2. This chapter provides details of how to manipulate mushrooms at
home to increase their vitamin D2 content.
The fortification of foods with vitamin D is an important way to supply vitamin D to
the global population.
To include the vegan population, foods of plant origin should be fortified with
vitamin D, using plant-derived D2 or D3 (from lichens or yeasts irradiated with UV
light), already available on the market.
Vitamin D deficiency in vegetarians should be treated in the same way as in
omnivores, with supplements appropriate for this group. This chapter provides
details on vitamin D supplementation.
Vitamin D toxicity does not occur by sun exposure but may occur through excess
supplementation and is determined based on a 25OHD serum level >375 nmol/L (>
150 ng/mL) and concomitant hypercalcemia, hypercalciuria, very low or
undetectable PTH levels and normal or high 1,25(OH)2D levels.
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Most studies show a lower vitamin D level in vegetarian groups. This does not result
from the diet itself but from vitamin D fortification of foods of animal origin (such as
milk), which is exclusionary of vegetarians.

2.2. Vitamin D metabolism
Vitamin D is grouped into five different classes (vitamins D2, D3, D4, D5 and D6). The two main forms
found in nature are D2 and D3 [456].
Figure 6.3 shows an illustrated scheme to facilitate a better understanding of vitamin D metabolism.
This metabolic map will be explained in its entirety in the next chapter on calcium.

205

Figure 6.3. Vitamin D and calcium metabolism

Figure created by Professor Doctor Eric Slywitch

Skin synthesis until final activation
7-dehydrocholesterol (provitamin D3) is an intermediate product of cholesterol metabolism that,
under the action of UVB rays (290 to 315 nm) in the skin, is converted into previtamin D3 (biologically
inactive) and, by thermal isomerization, into vitamin D3 [456]. In locations below 35° latitude, UVB
radiation is more efficient in promoting vitamin D synthesis [456].
The formation of vitamin D depends on the concentration of 7-dehydrocholesterol (7DHC) present in
the skin and on the activity of the enzyme 7-dehydrocholesterol reductase (encoded by the DHCR7
gene), which catalyzes the reduction in 7DHC into cholesterol [457].
The action of DHCR7 is the first process in vitamin D biosynthesis in the skin, even if actual production
is also modulated by other factors, such as genetic polymorphisms, age, geographic location and latitude,
atmospheric pollution, exposure to UV rays, use of sunscreen and clothing and exposed body surface area
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[457]. Individuals with advanced age, individuals who are obese, individuals who work away from the sun
and hospitalized patients have the highest prevalence of vitamin D deficiency [458].
Although the use of sunscreen has long been recognized as negatively affecting the synthesis of
vitamin D, a review study published in 2019 questions and contradicts its negative effects on vitamin D
synthesis [459].
The human body has the means to protect itself from intoxication due to excess vitamin D
production, and under prolonged exposure to UVB rays, it converts previtamin D3 into lumisterol and
tachysterol, inactive forms of vitamin D3 [456].
Vitamin D is transported from the skin to the blood by vitamin D-binding protein (DPB) (DPB) and
carried to the liver. When ingested (as cholecalciferol or ergocalciferol), vitamin D is absorbed and
transported to the liver and adipose tissue via chylomicrons and DPB. Vitamin D is still inactive; to activate
it, two hydroxylation reactions are necessary. The first occurs in the liver (not exclusively), at carbon 25,
by the enzyme 25-hydroxylase, forming 25-hydroxyvitamin D (25OHD) or calcidiol, which is the form
commonly measured to assess the vitamin D nutritional status, representing the sum of ingestion and skin
synthesis [456].
This hepatic hydroxylation is performed by the enzyme hydrolase (encoded by the CYP2R1 gene),
which has been gaining attention due to lower serum levels of 25OHD in individuals with obesity and type
2 diabetes. The lower 25OHD levels in these individuals were initially attributed to sequestration by
adipose tissue or to dilution because of the larger body surface of individuals with obesity; however,
reduced CYP2R1 activity has been suggested as a possible alternative explanation for this finding under
these metabolic conditions [457].
The bioactivity of vitamins D2 and D3 is still a subject of debate. Some studies indicate that D2 and D3 act
similarly in maintaining the nutritional status of vitamin D, but others suggest that D2 is less effective than D3 [456].
When discussing the treatment of vitamin D deficiency later in this chapter, we delve deeper into this issue.
After hepatic production, 25OHD is transported to the kidneys, where it undergoes a second
hydroxylation (at the alpha position of carbon 1) by the enzyme 1-alpha-hydroxylase, generating its active
form, 1-α-hydroxyvitamin D or 1,25(OH)2D (calcitriol). The conversion of 25OHD into 1,25(OH)2D is
controlled by calcium and phosphorus levels and mediated by parathyroid hormone (PTH) (which will be
described in more detail in the chapter on calcium metabolism) [456].
Currently, we know that in addition to renal cells, several other cells are capable of hydroxylating
25OHD because they contain hydroxylases and thus produce 1,25(OH)2D. Similarly, many other cells have
vitamin D receptors [457].
Medications such as phenobarbital, carbamazepine, dexamethasone, nifedipine, spironolactone,
clotrimazole and rifampicin stimulate the liver enzyme P450 and accelerate the degradation of vitamin D,
contributing to vitamin D deficiency [458]. Table 6.15 provides the various compounds involved in vitamin
D metabolism.
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Table 6.15. Main compounds involved in vitamin D metabolism and their characteristics
Nomenclature
Characteristics
Cholecalciferol or
Present in animal products and vitamin supplements
vitamin D3
Ergocalciferol or
Present in some vegetables and mushrooms; it is also found in the
vitamin D2
liver oil of some fish and in vitamin supplements
CYP2R1
Gene of the cytochrome P450 family that encodes 25-hydroxylase
(hydroxylates cholecalciferol in the liver, converting it into 25OHD)
25-hydroxyvitamin
Vitamin D after the first hepatic hydroxylation, still inactive, and
D3 (25OHD),
measured in the blood to assess vitamin D nutritional status;
calcifediol or
half-life of 2 to 3 weeks;
calcidiol
measurement useful for evaluating vitamin D nutritional status and
diagnosing hypercalcemia due to exogenous vitamin D
intoxication, as discussed later;
when originating from vitamin D2, 25OHD2 is formed, and when
originating from D3, 25OHD3 is formed;
biochemical evaluations sum the two fractions, which may or may
not be discriminated, depending on the analysis method
1-α-hydroxylase or Enzyme present in the mitochondria of the epithelial cells of the
CYP27B1
renal proximal tubules and some other tissues (prostate, breast,
colon, pancreas, immune system), capable of converting 25OHD to
1,25(OH)2D; encoded by the CYP27B1 gene;
action stimulated by PTH; inhibited by fibroblast growth factor 23
(FGF23), produced by osteocytes.
1,25Results from the second hydroxylation of vitamin D after passing
diidroxivitamin D2
through the kidneys (and to a lesser extent in other tissues); the
or 1,25(OH)2D
active form of vitamin D; present at a much lower concentration
(0.1%) than that of circulating 25OHD; half-life of 4 hours, with some
researchers reporting up to 15 hours;
stimulates the intestinal absorption of calcium and phosphorus;
measurement indicated in chronic renal failure, hypercalcemia
associated with granulomatous diseases and type I rickets (vitamin
D-dependent)
Fibroblast growth
Released by the bones in conditions serum calcium normalization
factor 23 (FGF23)
and reduces the action of 1-α-hydroxylase and bone mass loss
Without vitamin D, only 10–15% of calcium and 60% of phosphorus are absorbed. When vitamin D
is sufficient, calcium absorption increases to 30% to 40%, and phosphorus absorption increases to 80%
[460].
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Biological actions of vitamin D
The main and best-known actions of vitamin D are maintaining calcium and phosphorus levels.
Reduced blood calcium (or increased phosphorus) leads to the release of PTH by the parathyroid glands.
PTH acts on three targets: increases intestinal absorption of calcium and phosphorus, reduces urinary loss of
calcium (in exchange for urinary excretion of phosphorus) and mobilizes bone calcium [456].
The extraosseous action of vitamin D has been explained by the presence of vitamin D receptors and
1-α-hydroxylase in different tissues, demonstrating their ability to produce 1,25(OH)2D.
Vitamin D receptors have been identified in at least 30 tissues involved in intraosseous metabolism
(intestine, skeleton, cartilage and kidneys) and extraosseous metabolism (heart, immune system, adipose
tissue and others) [457].
Immunological action of vitamin D

The immunological action of vitamin D is mediated by the presence of the CYP27B1 gene (which
encodes 1-α-hydroxylase). Macrophages autonomously produce 1,25(OH)2D. This has been documented
since 1983 in patients with sarcoidosis, a disease in which there is an increase in the production of
macrophages with subsequent hypercalcemia. Unlike renal CYP27B1, the macrophage isoform is not
controlled by PTH; it depends only on the amount of available substrate (25OHD), and its expression is
not limited by the presence of 1,25(OH)2D. The regulation of CYP27B1 in macrophages and monocytes is
mediated by cytokines and inflammation and is stimulated by interferon-gamma, tumor necrosis factoralpha (TNF-alpha) and interleukins (IL-1, 2 and 15). Dexamethasone inhibits the synthesis of CYP27B1. LPS
(lipopolysaccharides from gram-negative bacteria) also stimulates the synthesis of 1-α-hydroxylase and
vitamin D (25OHD) cell receptors [457].
Regarding the immune response, vitamin D (1,25(OH)2D) acts in the cell nucleus to increase the
production of defensin β2 and cathelicidin, antimicrobial peptides with microbicidal effects. 1,25(OH)2D
modulates the adaptive and innate immune responses via vitamin D receptors and acts on at least 15
genes [458].
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Figure 6.4. Immunological action of vitamin D

Figure created by Professor Doctor Eric Slywitch

Dendritic cells and T and B lymphocytes express CYP21B1 only when activated. In these cells,
1,25(OH)2D has an inhibitory effect and controls their activation and proliferation [457].
Vitamin D has also been shown to modulate cell proliferation and differentiation, apoptosis, gene
expression (associated with cell growth modulation), and neuromuscular and inflammatory function.
Vitamin D plays a role in the parathyroids and pancreatic islets and in the suppression of autoimmune
diseases and some types of cancer. Likewise, many studies suggest that vitamin D deficiency is linked to
diseases such as rheumatoid arthritis, multiple sclerosis, Alzheimer's and schizophrenia [458].
Additionally, 1,25(OH)2D inhibits renin synthesis and increases myocardial contractility [460].
Prospective studies indicate an inverse correlation between serum 25OHD levels and cardiovascular
disease, serum lipids, inflammation, glucose metabolism changes, weight gain, mood disorders, cognitive
decline and Alzheimer's disease [458]. However, vitamin D supplementation had no effect on the
outcome of these diseases, and therefore, it is unknown whether the correlation is genetic, cultural,
behavioral or otherwise [458, 461].
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In 2021, a meta-analysis of 14 studies and 99,179 participants concluded that a low 25OHD level was
associated with COVID-19 infection, more severe disease presentation, and mortality [462].
Published in 2021, a systematic review and meta-analysis of seven randomized controlled trials with
a total of 19,137 women concluded that there is insufficient evidence to support the efficacy of vitamin D
supplementation in reducing breast cancer risk and mammography density changes. According to the
authors, the protective effect on breast cancer risk in previous observational studies may have been
overestimated [463].
In the context of physical activity, serum vitamin D > 40 ng/mL may confer benefits not only on bone
health but also on protein synthesis, gene expression and the immune system [464].

2.3. Intake recommendations
The current vitamin D intake recommendations have been widely discussed by many researchers
because the current recommended doses seem very low and insufficient to maintain a healthy
concentration in the body and because studies focus only on the action of vitamin D in bone.
In terms of units used, 1 μg is equivalent to 40 IU (international units).
The recommended vitamin D intake recommendations follow country guidelines, as shown in Table 6.16.
Table 6.16. Vitamin D intake recommendations in several countries (adapted from reference [461])
Age

1 to 69 years

United
States and
Canada
(IOM)
600 IU
(15 μg)

Europe
(EFSA)

600 IU
(15 μg)

Germany,
Austria and
Switzerland
(D-A-CH)
800 IU
(20 μg)

United
Kingdom
(SACN)

Nordic
Countries
(NORDEN)

400 IU
(10 μg)

400 IU
(10 μg)

IOM, Institute of Medicine; EFSA, European Food Safety Authority; D-A-CH, Germany,
Austria and Switzerland; SACN, Scientific Advisory Committee on Nutrition

The intake recommended by the IOM is endorsed by the American Academy of Dermatology, which
basis this requirement on those who have little or no sun expose. The UL for the IOM and EFSA was 4,000
IU/day (100 μg/day) [465, 466].
The Endocrine Society recommends a vitamin D intake of 1,500 to 2,000 IU/day (37.5–50 μg/day) for
adults and establishes a UL value of 10,000 IU/day (250 μg/day) [467].
Some researchers recommend an intake of 2,000 IU/day, a safe dose to maintain adequate blood
levels without toxicity [468]. There is still discussion regarding adequate intake levels and maintenance
serum levels. Exposure to sunlight for 15 minutes without protection in individuals with fair skin can
produce 10,000 to 20,000 IU of vitamin D, and there have been no reports of vitamin D intoxication from
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sunlight exposure. Therefore, some researchers suggest sun exposure for 5 to 15 minutes without
protection in the period between 10 am and 3 pm [469, 470].

2.4. Evaluation of vitamin D nutritional status
The concentration of 25OHD is the best indicator of vitamin D nutritional status, but it is still unclear
which levels are adequate in cases of disease and which levels indicate body stocks, especially those in
adipose tissue [458].
The half-life of 25OHD is 15 days [458].
The measurement of 1,25(OH)2D is not a good marker of vitamin D deficiency because its level is
reduced only in severe deficiency [458].
The half-life of 1,25(OH)2D is 15 hours [471].
Vitamin D serum concentrations and their interpretation by the IOM are provided in Table 6.17.
Table 6.17. Serum vitamin D levels and their interpretation by the Institute of Medicine (IOM)
(adapted from [472]).
nmol/L
<30

ng/mL
<12

30 to 50

12 to 20

>50

>20

>125

>50

Health status
Associated with vitamin D deficiency,
leading to rickets in children and
osteomalacia in adults
Generally considered inadequate for bone
and overall health in healthy individuals
Generally considered adequate for bone
and overall health in healthy individuals
Emerging evidence associates potential
adverse effect with high levels, especially
when >150 nmol/L (>60 ng/mL)

As conversion factors, 1 ng/mL = 2.5 nmol/L and 1 nmol/L = 0.4 ng/mL

Another interpretation is as follows [458]:
— 25OHD < 50 nmol/L (<20 ng/mL) indicates deficiency;
— 25OHD < 75 nmol/L (<30 ng/mL) indicates insufficiency; and
— 25OHD between 75 and 125 nmol/L (30 and 50 ng/mL) indicates an optimal level.
In all of these cases, the cutoff values are based on bone health [458].
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Unlike the IOM, the Endocrine Society (Clinical Practice Guideline) established different target serum
vitamin D levels. When vitamin D is less than 50 nmol/L (20 ng/mL), the recommendation is to reach 75
nmol/L (30 ng/mL) [461].
As new studies have associated low vitamin D levels with cancer, cardiovascular disease, autoimmune
diseases, asthma, atopic dermatitis and depression, the ideal serum level for the best condition in the
presence of the aforementioned diseases still needs to be determined and may not be related to the level
currently used [458].
25OHD levels are inversely related to PTH levels until 25OHD levels reach 75 to 100 nmol/L (30 to
40ng/mL). At this point, PTH tends to remain within the reference range [460].
Regarding vitamin D measurement [473, 474]:
There are technical challenges related to vitamin D measurements because of cost.
Binding assays provide the total vitamin D concentration (without discriminating 25OHD2 from the
25OHD3), i.e., presents the sum of the two forms. These assays are the oldest and most used methods. They
are associated with lower costs and performed using automated immunoassays, such as
radioimmunoassays, enzyme immunoassays (ELISAs), chemiluminescence and electroluminescence.
Chemical tests have higher costs but are more accurate and generate values for 25OHD2 and 25OHD3.
They can be performed by HPLC-UV (high-performance liquid chromatography coupled to a UV
detector), GC-MS (gas chromatography with mass spectrophotometry) or, ideally, LC–MS/MS (highperformance liquid chromatography with tandem mass spectrometry).
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2.5. Dietary sources of vitamin D
There are few foods consumed by humans that are sources of vitamin D. In general, even when
consumed, these foods are usually insufficient to meet the daily vitamin D requirements.
Fish are considered a major source of vitamin D, but in reality, it is derived from the microalgae
consumed by the fish [456]. Table 6.18 provides the vitamin D content in some animals and animalderived products.
Table 6.18. Vitamin D content in animals and animal-derived products
USDA
(food no.)
04589
04594
15085
15088
01004–01007, 01009,
01011, 01012, 01018–
01020, 01022–01030,
01032–01038

01123
13325

Food

Vit D content in 100 g

Cod liver oil
Sardine oil
Raw sockeye salmon
Canned sardine
Cheese (average of the following cheeses:
blue, brick, brie, camembert, cheddar, colby,
cottage, edam, feta, fontina, gouda, gruyere,
limburger, monterey, whole milk mozzarella,
low moisture whole milk mozzarella, low
moisture skim milk mozzarella, muenster,
grated parmesan, hard parmesan, port de
salut, provolone, whole milk ricotta, skim
milk ricotta, and romano)
Raw egg
Raw beef liver

10,000 IU (250 μg)
332 IU (8.3 μg)
563 IU (14.1 μg)
193 IU (4.8 μg)
18 IU (0.5 μg)

82 IU (2 μg)
49 IU (1.2 μg)

*Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

Microalgae contain vitamin D3 and provitamin D3. Contrary to our knowledge, studies have identified
D3 in the plant kingdom, in several plant species [456].
A small amount of D2 can be found in plants contaminated with fungi [456].
Mushrooms belong to kingdom Fungi and not to the plant kingdom (kingdom Plante),
in the same way that algae belong to kingdom Protista.
Because they are not from the animal kingdom, mushrooms and algae can be
consumed by vegetarians.
The most commonly used mushrooms in the world, representing ⅔ of the world’s consumption, are
listed in Table 6.19 [475]:

Table 6.19. Mushrooms most commonly consumed around the world
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Common name
Champignon
Shimeji and eryngii
Shiitake

Scientific name
Agaricus bisporus
Pleurotus
Lentinula edodes

% of world consumption
30
27
17

Although sources of vitamin D2 are very limited in nature, it can be obtained through the consumption of
mushrooms. When not exposed to UV radiation, mushrooms have a low vitamin D concentration [456].
Mushrooms and vitamin D

Ergosterol is a membrane component of fungi and yeasts that, when irradiated with UVB rays, is
converted into previtamin D2, requiring consecutive thermal isomerization (heat-dependent process) to
form ergocalciferol (vitamin D2) [456, 475].
Commonly consumed mushrooms are grown in a low-light environment, making them products with
a low vitamin D2 content. Only during harvest and transport is there usually some brief contact with
natural or artificial light.
One hundred grams of mushrooms is easy to consume, especially due to volume reduction during
cooking. This consumption, as a measure of the amount of vitamin D ingested, is realistic [475].
Thus, we will explore ways to increase the vitamin D content in mushrooms and compare vitamin D
requirements to the consumption of 100 g of mushrooms per day.
Exposing fresh mushrooms to sunlight (at noon) for 15 to 120 minutes generates a significant amount
of vitamin D, usually exceeding 400 IU/100 g (10 μg/100 g) in mushrooms that previously had less than 40
IU/100 g (1 μg/100 g). This level corresponds to the daily vitamin D requirement recommended in many
countries [475].
In addition to the solar incidence (time of day, season of the year, latitude, and exposure time), the
contact surface of a mushroom with the sun makes a difference. Cutting a mushroom into slices and
exposing the slices to the sun generates more vitamin D than exposing it whole for the same period [475].
In addition, exposure time also makes a difference. To better understand these factors, studies have
provided more detailed information.

215

A study was conducted in Germany (at the beginning of July, European summer) with previously
frozen Agaricus bisporus (champignon) mushrooms sliced and exposed to sunlight so that one slice did
not cover the other. The slice thicknesses were 6, 9 and 12 mm [476].
During sun exposure, which began at 10:15 am (for almost all samples), the increase and decrease in
vitamin D2 levels were recorded; the results are shown in Table 6.20.

Table 6.20. Vitamin D content in Agaricus bisporus exposed to sunlight
Exposure time (min)
Mean vitamin D2 content in IU/100 g and (μg/100 g)
0
8 (0.2)
15
704 (17.5)
30
864 (21.6)
45
1,120 (28.0)
60
1,300 (32.5)
120
1,112 (27.8)
240
1,220 (30.5)
360
712 (17.8)
From an initial content of 8 IU/100 g (0.2 μg/100 g) of vitamin D2, after 15 minutes of sun exposure,
the concentration increased to 704 IU/100 g (17.5 μg/100 g) and peaked at 1,300 IU/100 g (32.5 μg/100g)
after 60 minutes. After this period, there was no further increase in vitamin D 2, and after 4 hours, the
decrease was quite pronounced. Slices with thicknesses of 6 and 9 mm had higher vitamin D contents
[476].
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Based on this study, we assume that a sun exposure time of 60 min is the most appropriate for
mushrooms in countries at the same latitude as Germany (47.91°N, 7.91 °E and 1,205 meters above sea
level) in the summer. Slices with a thickness of 9 mm seem to be ideal for sun exposure.
It is difficult to extrapolate the results to different geographic locations because there are different
solar incidences and ambient temperatures. In the aforementioned study, the internal temperature of
the exposed slices ranged from 10.4 °C to 34.0 °C during exposure. In tropical countries, it is very possible
that with a much shorter sun exposure time, the same result will occur. For summer in Europe, this
exposure time seems adequate to obtain this vitamin D2 content.
Other studies on mushrooms have also yielded interesting results.
Fresh mushrooms were exposed to controlled UV irradiation using fluorescent lamps or pulsed UV
lamps, after which the vitamin D content was measured.
Whereas before we described fresh mushrooms using the vitamin D content in 100 g, for dried
mushrooms, the vitamin D content is described per gram of the final product.
In shiitake mushrooms, the highest vitamin D content was found in the gills, followed by the cap and
then the stipe. The gills have twice the concentration of the cap. Thus, exposure of the gills to sunlight
generates the most vitamin D [475].
Figure 6.5. Mushroom anatomy

A study with shitake mushrooms showed that exposure of the gills and cap to UV light from
fluorescent lamps produced 912 IU/g (22.8 μg/g) dry mass and 208 IU/g (5.2 μg/g) dry mass, respectively.
Shimeji mushrooms can produce more than twice as much vitamin D2 as shiitake mushrooms with the
same UV exposure time [477, 478].
UV lamps are typically used as germicidal elements (for environmental sterilization), in aquariums, for
plant growth or in insect traps and are sold by many retailers.
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If you choose to use fluorescent UV lamps, the light and exposure should be as follows:
—
—
—

UVB radiation wavelength: 280 to 315 nm;
UVB radiation: 1.14 W/m2 at 28 °C (between 25 °C and 35 °C); and
Exposure time: 90 min.

Importantly, UVA radiation does not cause an increase in vitamin D2 in mushrooms.
Pulsed UV light is the most effective way to convert ergosterol into ergocalciferol. This method is the
most practical for industrial use because it requires only a few seconds of exposure. With 12 pulses of
four seconds, the maximum vitamin D2 concentration is achieved in Agaricus bisporus (champignon). The
laboratories that performed the tests used pulsed lamp systems (Xenon Corporation) that produced highenergy pulses of UV radiation (505 J/pulse) capable of producing vitamin D in the deep layers of fresh
mushrooms. The mushrooms received 0.791 J/cm2 to 1.1 J/cm2 per pulse [479]. Table 6.21 provides the
vitamin D content in mushrooms. Note the difference between the raw product and the product
irradiated with UV light.
Table 6.21. Vitamin D content in mushrooms
USDA
(food no.)
11238
11240
11265
11998
11260
11938
11266
11936
11950

Food
Raw shiitake mushroom
Raw morel mushroom
Raw portobella mushroom
Raw portobella mushroom exposed to UV light
Raw white mushroom
Raw white mushroom exposed to UV light
Italian brown mushroom
Italian brown mushroom exposed to UV light
Raw enoki mushroom

Vitamin D content in 100 g
18 IU (0.4 μg)
206 IU (5.1 μg)
10 IU (0.3 μg)
1135 IU (28.4 μg)
7 IU (0.2 μg)
1046 IU (26.2 μg)
3 IU (0.1 μg)
1276 IU (31.9 μg)
5 IU (0.1 μg)

*Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

The vitamin D2 content in raw mushrooms irradiated with UV light increases. However, when dried
mushrooms are purchased, it is important to know the methods used and their consequences on vitamin
D content.
The dehydration of mushrooms allows them to be used up to 2 to 3 years after packaging, and the
product will have 15% of the original weight, providing benefits for transport and storage. In Asia, sun
drying of mushrooms is common. An analysis of 35 dried species sold in China indicated that the dried
mushrooms contained a significant amount of vitamin D (mean of 676 IU/g or 16.9 μg/g dry mass). The
moisture of commercial mushrooms is approximately 3–7% [475, 480].
Hot-air drying of mushrooms is less effective in producing vitamin D2. Temperatures above 60 °C
change the color of mushrooms; therefore, this is the temperature normally used in the process. Drying
for more than seven days reduces the moisture content from 70% to 30%, and the concentration of
vitamin D2 remains nutritionally significant (with 600 IU/g or 15 μg/day dry mass). Under laboratory drying
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conditions (with UVB irradiation between 290 and 320 nm for two hours), the final vitamin D content is
higher, peaking at 1,000 IU/g or 25 μg/g dry mass [475, 481].
Freeze-dried mushrooms have 8–10% of the weight of fresh mushrooms. After freeze drying, the
mushrooms have a more porous internal structure, which facilitates the formation of vitamin D 2 by UVB
irradiation. Without measuring the vitamin D2 content before UVB irradiation, freeze-dried mushrooms
exposed to the sun for 30 minutes produce a significant amount vitamin D 2: shimeji, 1,384 IU/g (34.6 μg/g)
dry mass; shiitake, 2,400 IU/g (60 μg/g) dry mass; and champignon, 4,760 IU/g (119 μg/g) dry mass [482].
After irradiation, mushrooms stored under refrigeration have been shown to maintain their vitamin
D content for one week or less, with consumption recommended within this period [475]. For mushrooms
irradiated with UVB light and then hot-air dried, the vitamin D2 content remained stable for up to 8 months
when stored dry, in the dark, in plastic packaging at 20 °C [482].
The time and method of cooking mushrooms affect the final vitamin D content. In general, for
mushrooms sauteed without oil for 5 minutes, vitamin D2 retention is 88% [483].
Some studies have assessed the efficacy of mushrooms as a source of vitamin D for humans.
In 2011, a single-blind, randomized, placebo-controlled trial conducted in winter in Germany, 26
individuals with a 25OHD level < 50 nmol/L (20 ng/mL) were followed up for five weeks after being divided
into three groups: intake of 28,000 IU of vitamin D2 (4 times per week) as mushrooms irradiated with UVB;
intake of 28,000 IU of vitamin D2 as a supplement (4 times per week); and a placebo group. After five
weeks, serum 25OHD levels were significantly higher in the mushroom group than those in the placebo
group, with an initial concentration of 34 nmol/L (13.6 ng/mL) and final concentration of 56.7 nmol/L (22.7
ng/mL) in the mushroom group; an initial concentration of 28.7 nmol/L (11.5 ng/mL) and final
concentration of 58 nmol/L (23.2 ng/mL) in the supplement group; and an initial concentration of 38.7
nmol/L (15.5 ng/mL) and final concentration of 28.7 nmol/L (11.5 ng/mL) in the placebo group. The
mushroom group and the supplement group exhibited similar increases in 25OHD levels [484].
Published in 2012, another study with 38 individuals used lower doses of vitamin D 2 (one of the groups
with 352 IU/day and the other with 684 IU/day) from irradiated mushrooms and a placebo (nonirradiated
mushrooms with 34 IU/day vitamin D) and vitamin D2 received via supplementation (1,120 IU/day).
Absorption from the mushrooms was effective and increased 25OHD 2 levels, but there was a reduction in
25OHD3 levels. The authors concluded that there was no change in the vitamin D nutritional status
because the D2 fraction increased and the D3 fraction decreased [485].
A randomized trial from 2013 conducted in Ireland recruited 90 individuals and followed them for
four weeks. One of the groups received Agaricus bisporus (champignon) powder irradiated with pulsed
light for three seconds, containing 600 IU/day (15 μg/day) vitamin D2, or placebo mushroom powder, and
the other group received D3 or placebo capsules. The use of vitamin D2 increased the 25OHD2 level by
128% but did not change the 25OHD3 level, indicating bioavailability for human use [486].
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A 2013 study compared the use of 2,000 IU of vitamin D2 supplement, vitamin D2 in mushrooms, and
vitamin D3 supplement for three months in 24 individuals. Vitamin D 2 from mushrooms was as effective
as the D2 supplement in maintaining 25OHD levels. In that study, the serum 25OHD level increased
significantly, from 51.5 nmol/L (20.6 ng/mL) to 75.3 nmol/L (30.1 ng/mL) [487].
In a nutrient evaluation profile, there are three important elements to determine safety and efficacy. The
first is to identify the presence of a nutrient in a given food, which was done with vitamin D in mushrooms. The
second is to assess whether, with the consumption of the nutrient derived from this food, the body level
increases, which was observed in those who consumed mushrooms irradiated with UV light, as there was an
increase in the serum level of 25OHD2. The third and perhaps most important is to determine whether, with the
intake of the evaluated nutrients, there is a change in the metabolic function markers associated with it. For
vitamin D2 from irradiated mushrooms, there are no well-designed studies that evaluate what occurs with PTH
and calciuria when vitamin D2 serum levels increase significantly, which limits our absolute certainty about its
metabolic function. However, the data are promising because there are many studies with D2 supplements
derived from plant extraction (yeast irradiation) that affect calcium metabolism. Vitamin D2 is the most
commonly used vitamin D supplement in the United States and has been approved by the Food and Drug
Administration. Regarding the treatment of vitamin D deficiency, we will discuss the efficacy of using D2 or D3.

2.6. Fortification with vitamin D and alternative foods
The fortification of some foods with vitamin D is a strategy to improve the nutritional status of the
population in some countries, such as the United States and some European countries.
Milk and margarine are the main products fortified with vitamin D. Some countries
add vitamin D to cheese, yogurt, orange juice and bread [456].
One study evaluated the use of champignon powder (Agaricus bisporus) as a dietary source of vitamin
D2 for humans. The powder was exposed to UV to convert ergosterol to ergocalciferol, resulting in a
vitamin D content of 23,200 to 23,800 IU/g (580–595 μg/g), which is considered safe for human use in
individuals older than 1 year of age [488].
The fortification of cow milk is a suggested measure to optimize the vitamin D nutritional status in
Spain and the European Union [489]. Notably, this suggestion is exclusionary of vegetarians.

2.7. Treatment of vitamin D deficiency
The amount of vitamin D recommended for maintenance is different from that used to correct insufficiency.
For individuals with a 25OHD level < 50 nmol/L (<20 ng/mL), the use of oral doses of 50,000 IU/week
(7,000 IU/day) for 6 to 8 weeks is recommended. Notably, the response to treatment can be quite
variable among individuals. When the desired level is not reached, a new cycle can be restarted [467].
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After correction, the maintenance dose depends on several factors, such as skin color and the
frequency and time of exposure to sunlight and can vary from 400 IU to 2,000 IU. Elderly individuals often
take 1,000 IU to 2,000 IU/day or 7,000 IU to 14,000 IU/week [467].
Individuals with body adiposity, individuals with malabsorption problems and individuals who use
medications (such as anticonvulsants) may need 2 to 3 times higher doses [467].
The dose used will depend on the desired serum level. Higher levels require a higher dose.
It is estimated that for every 100 IU (2.5 μg) of vitamin D 2 or D3 taken, the 25OHD level increases by
2.5–5.0 nmol/L (1.0–2.0 ng/mL); however, there are significant differences in these estimates in the
literature [461, 490].
Vitamin D2 or D3

In humans, both D2 and D3 can be activated by hydroxylases and have the same biological efficiency.
However, the controversy regarding their effect is due to the formulations used for supplementation.
Regarding the type of vitamin D to use, it is necessary to make a special consideration in relation to
vegetarianism, as most of the vitamin D3 found on the market is from animal sources. Lanolin, a lipid
compound derived from sheep wool, is converted into vitamin D3 after irradiation with UV light and is not
accepted by vegans.
There are vitamin D3 supplements on the market derived from lichen or UVirradiated yeast that can be used by vegans.
Vitamin D2 in supplements are always of plant origin.
Historically, studies have shown similar effects on the correction and prevention of rickets with similar
doses of D2 or D3, and therefore, the two forms were considered equipotent. However, these data were
established through clinical observations, without randomized clinical trials to confirm the conclusions [491].
In the United States, vitamin D2 has traditionally been more commonly used as a supplement, while
many European countries use vitamin D3 [491].
In 2011, a review evaluated studies that compared D2 and D3, and D3 in adults and elderly individuals,
providing more effective results [492].
In 2012, a meta-analysis of randomized controlled trials in which D2 or D3 were used indicated that
D3 increased 25OHD3 levels more significantly than did D2 and that a bolus of D2 (single dose with
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concentrated content) was more effective than a bolus of D3 for correcting vitamin D deficiency. However,
this advantage did not occur when supplementation was administered daily [493].
Studies published later confirmed this finding.
When vitamins D2 and D3 are used in the same amount, studies show conflicting results, with
equivalent or slightly higher potency of D2 in maintaining 25OHD levels when used daily. However, when
used intermittently, D2 is clearly less potent than D3 [491]. The explanation seems to be the affinity of
vitamin D transporters for D2 metabolites, increasing its clearance and reducing its level more quickly. The
half-life of 25OHD2 is 10 hours shorter than that of 25OHD3 [461].
serum PTH also decreases after the use of D2 or D3 in daily oral doses but not when D2 is used
intermittently [494].
In 2019, a study that used vitamin D2 and D3 to correct low vitamin D levels in 100 adults (25 to 85
years) divided into four groups found positive results with the use of D3 and D2, but D2 was more effective.
The problem with the study was that the doses used were not similar, i.e., D 3 was used at doses of 2,000
IU/day and 3,000 IU/day, and D2 was used at doses of 50,000 IU/week and 50,000 IU 2 × per week [495].
Thus, whether one form is more effective than the other at similar doses is still unclear, but the fact is
that vitamin D2 is effective in correcting vitamin D deficiency.
The IVU recommends D2 or D3 for vitamin D replacement for vegetarians.
For D2, use should be daily, not weekly.
For D3, use can be daily or weekly.
The use of injectable vitamin D is an alternative, but the effect is similar to oral use, with a slightly
slower increase until peaking [461].
Current supplements use vitamin D2 or D3, but 25OHD-based preparations are available that are 3.2
to 5 times more effective for increasing serum 25OHD levels [461].

2.8. Vitamin D toxicity
Vitamin D toxicity through excess intake, either through food or sun exposure, does not occur. The
body is able to inactivate excess vitamin D production in the skin.
Toxicity occurs through the excess consumption of fortified foods or, more commonly, from highdose supplementation [496].
The clinical symptoms of vitamin D toxicity arise from hypercalcemia and manifest as neuropsychiatric
disorders, such as difficulty concentrating, confusion, apathy, drowsiness, depression, and psychosis,
sometimes leading to stupor and coma. Gastrointestinal symptoms include recurrent vomiting, abdominal
pain, anorexia, constipation, peptic ulceration, and pancreatitis. Cardiovascular manifestations include
hypertension and QT interval shortening with ST-segment elevation and bradyarrhythmia with first-degree
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heart block on electrocardiogram. The renal manifestations are hypercalciuria (initial manifestation), polyuria,
polydipsia, dehydration, nephrocalcinosis and renal failure [497].
The value considered safe has changed to avoid toxicity. A 2008 study concluded that 750 nmol/L (300
ng/mL) produces toxicity; therefore, 250 nmol/L (100 ng/mL) would be the most prudent concentration
to adopt to ensure safety [471].
Currently, the vitamin D level considered toxic is 25OHD3 > 375 nmol/L (>150 ng/mL), but some
individuals present manifestations below this concentration [497, 498].
Vitamin D intoxication should include the presence of the following manifestations [497]
—
—
—
—

severe hypercalcemia;
hypercalciuria;
very low or undetectable PTH level; and
normal or elevated 1,25(OH)2D.

Importantly, toxicity does not only include the vitamin D level; in hypercalcemia, the amount of
calcium ingested has a direct influence [497].
In hypercalcemic individuals, without measuring PTH, increased serum phosphorus suggests vitamin
D intoxication, while a low phosphorus level indicates primary hyperparathyroidism [497]. Notably, the
physiological increase in PTH levels is a response to maintain calcium levels when they begin to decrease,
and in the kidneys, the calcium that would be excreted returns to the blood in exchange for phosphorus
excreted through the urine (increased phosphaturia).
The exogenous use of vitamin D is the most common cause of intoxication. Some diseases lead to the
excess production of 1,25(OH)2D and increase calcemia. This is called endogenous intoxication, which can
occur in granulomatous diseases and lymphoma. Thus, exogenous vitamin D intoxication occurs through
elevated 25OHD3, whereas endogenous vitamin D intoxication occurs through 1,25(OH)2D elevation [497].
Hypercalcemia due to a vitamin D overdose from supplements may last 18 months after the exclusion
of the supplement [497].
Doses below 10,000 IU/day are not usually associated with toxicity, while doses above 50,000 IU/day for several
weeks or months are often associated with toxic effects and hypercalcemia. However, studies have demonstrated
toxicity with a dose above 25,000 IU/day, leading to a serum level of 200 ng/mL (500 nmol/L) [471, 499].
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2.9. Studies on vitamin D deficiency in vegetarian groups
Here, we present the latest studies in chronological order.
Published in 2012, a longitudinal study evaluated 105 vegan and 105 omnivorous women to assess
bone mass after menopause. Vegans had a significantly higher prevalence of vitamin D deficiency than
did omnivores (73% versus 46%, respectively), with mean serum levels of 65.2 nmol/L (26.1 ng/mL) and
79 nmol/L (31.6 ng/mL), respectively; however, there was no difference in bone mass loss and fractures
between the two groups [500].
A study published in 2013 with individuals from Pakistan, including 83 vegetarians and 93 omnivores,
showed that vegetarians, residing in urban and rural areas, had significantly higher vitamin D levels than
did omnivores. Although higher, the vitamin D levels in vegetarians were not adequate [501].
A study published in 2015 with 70 vegans and 1,257 omnivores from Denmark evaluated food and
supplement intake and concluded that vitamin D intake in vegan men and women was absent. In
omnivores, intake was quite low, at 116 IU/day (2.9 μg/day) for men and 88 IU/day (2.2 μg/day) for
women. In that study, serum vitamin D levels were not evaluated [302, 502].
A study published in 2016 evaluated 22 vegans and 19 omnivores from Finland, and the results indicated that
vegans had a significantly lower 25OHD level than did omnivores, i.e., 54 nmol/L (21.6 ng/mL) and 90 nmol/L (36
ng/mL), respectively. Interestingly, 77% of the vegans used vitamin D supplements, as well as 78% of omnivores.
However, the mean vitamin D intake (excluding the use of supplements) by vegans was significantly lower than
that by omnivores, i.e., 200 IU (5 μg) and 560 IU (14 μg), respectively [503].
A 2018 study evaluated the calcium metabolism and vitamin D nutritional status of 78 vegans and 77
omnivores in Denmark. Vegans had a lower 25OHD level than did omnivores (47 nmol/L or 18.8 ng/mL
and 67 nmol/L or 26.8 ng/mL, respectively). In that study, vegans did not consume any vitamin D, except
for 200 IU (5 μg) per day as a supplement. Omnivores consumed 120 IU (3 μg/day), with another 200 IU
(5 μg) consumed as a supplement [504].
Published in 2019, a study evaluated the bone health of 246 vegetarians (ovo-lacto and vegans – mean
of 5 years of dietary follow-up) and 246 omnivores from Shanghai, China. The concentration of vitamin D
was significantly lower in vegans (15 μg/L) than in omnivores (17.6 μg/L). The vitamin D intake by vegans
was 64.4 IU/day (1.61 μg/day), that by ovo-lacto vegetarians was 104 IU/day (2.6 μg/day) and that for
omnivores was 116 IU/day (2.9 μg/day). There was no difference among the groups in bone mineral
density of the calcaneus, the site chosen by the researchers for the evaluation [505].
A study published in 2020 evaluated the vitamin D nutritional status (and other nutrients) of 36 vegans
and 36 omnivores from Germany. There was no difference in vitamin D levels between the groups, and in
both cases, the use of supplements was common [506].
Published in 2021, a study with 6,433 South Asians aged 40 to 69 years living in the United
Kingdom evaluated serum vitamin D levels, and the results indicated that 55% had severe deficiency
and 92% had insufficient levels. Of these, 15% had very severe deficiency levels. There were 824
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individuals with an undetectable vitamin D level. The characteristics most predictive of deficiency
in individuals with 25OHD < 25 nmol/L (10 ng/mL) were male sex, being Pakistani, high BMI, age 40
to 59 years, never consuming fish oil, sun exposure of less than 5 h/day, no use of supplements
containing vitamin D, measurement of the 25OHD level in winter or summer and vegetarian diet
[507].
In general, most studies show a lower vitamin D level in vegetarians; this is due to
lower vitamin D intake or a lack of use of supplements by this group, not due to the
diet itself, considering that animal sources (excluding fish liver oil) are not rich in
vitamin D. The problem is public policies that exclude vegetarian groups because
vitamin D fortification is more common in milk and margarine.

2.10. IVU’s opinion regarding vitamin D in vegetarian diets
Given the review undertaken, the IVU provides the following recommendations:
1. Vitamin D consumption
— Mushrooms irradiated with UVB are an excellent source of vitamin D2 and can be regularly
consumed if this food is part of an individual's culture and accepted as part of his or her diet.
— Mushrooms should be sliced (thickness of approximately 9 mm or less) and exposed to light, without
the slices overlapping, to facilitate actual exposure of the surface to light.
— The exposure of sliced mushroom to the sun should last approximately 60 minutes in summer in
Europe and in countries at same latitude. It is possible that in countries with greater insolation,
exposure can be shorter; in countries with less insolation and in winter, exposure should be
prolonged. There is still a lack of data. A relevant study showed little vitamin D loss in the three hours
following the suggested 60 minutes of exposure. We recommend that in tropical countries, the
duration of exposure should be 60 minutes.
— Sliced mushrooms should be exposed to UV fluorescent lamps for 90 minutes, using a UVB
wavelength of 280–316 nm, with radiation of 1.14 W/m2 at a temperature of 28 °C (between 25 °C
and 35 °C).
— Fortified foods are a suitable option for use when the raw material is accepted by the vegan
consumer.
— Vitamin D supplementation is indicated for individuals at higher risk (little sun exposure, darker skin,
overweight and elderly). Due to the lower usual calcium intake and the lower availability of foods
fortified with vitamin D for vegan groups, we support the recommendations suggested by The
Endocrine Society: 1,500 to 2,000 IU/day (37.5–5.0 μg/day).
— When indicated or chosen, vitamin D2 supplementation should occur daily.
— When indicated of chosen, vitamin D3 supplementation can occur daily or weekly.
— Sun exposure as a natural source of vitamin D should occur daily without the use of sunscreen and
for a limited time (5 to 10 minutes), especially in areas of the body that are typically covered (trunk,
legs) to avoid overloading chronically exposed areas.
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2 – Serum vitamin D level
— We recommend using the safest cutoff range in the literature, i.e., maintaining serum 25OHD levels
between 75 and 125 nmol/L (30 to 50 ng/mL).
3 – Treatment for vitamin D deficiency
— We recommend using the same dosage as that for the omnivorous population but with supplements
accepted by vegans (nonanimal D3 or D2): for individuals with a 25OHD level < 20 ng/mL, an oral dose
of 50,000 IU/week (7,000 IU/day if D2) for 6 to 8 weeks is recommended. If the desired level is not
reached, a new cycle can be restarted.
4 – Public measures for vitamin D fortification
— We recommend using inputs that include vegans, i.e., vitamin D3 from nonanimal sources or D2 with
exclusive fortification of foods of plant or mineral origin.
— The IVU supports and encourages population-based vitamin D food fortification measures.
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3. CALCIUM
3.1. Chapter overview
— Calcium is an important element in the composition of bone mass, traveling through
the blood and to tissues to meet the metabolic demands related to nerve impulse
conduction, muscle and vascular contraction and blood coagulation. At the
intracellular level, it acts as a second messenger.
— Serum calcium cannot be used for the diagnosis of adequate mineral intake because
it can be maintained within the normal range through the action of hormones
(described in this chapter) and, if necessary, by bone calcium removal.
— Calcium intake by ovo-lacto-vegetarians tends to be similar to that of omnivores, but
the intake by vegans tends to be lower.
— As calcium intake depends on food choices, dietary guidance should be optimized to
meet the nutritional calcium requirements of any individual through fresh foods,
enriched foods, or supplements.
— The choice of calcium-rich foods, avoiding foods rich in oxalate and minimizing sodium
intake, is an appropriate choice that will be detailed throughout this chapter.
— Adequate vitamin D levels should be maintained to ensure good absorption of
ingested calcium through transcellular enterocyte uptake.
— In some studies, the bone mass in vegans is lower than that in omnivores; in the
majority of vegans, it is similar.
— Bone mass depends on several factors, such as genetics (peak bone mass reached in
young adulthood), body mass index (BMI), type and intensity of physical activity,
hormone level (sex hormones), use of medications (such as corticosteroids), adequate
calcium intake and adequate vitamin D level, and is influenced by magnesium and
vitamin K levels and possibly by microbiota and fruit and vegetable intake (due to acid
ash and phytochemical contents).
— Foods containing alkaline ash and phytochemicals seem to exert a positive effect on
bone mass, but there is no concensus in the literature. These compounds are obtained
naturally through healthy vegan diets and should remain part of such diets, regardless
of the effect on bone.
— Evidence indicates that the lower BMI for some groups may be one of the main
determinants of lower bone mass because adipose tissue provides greater muscle
traction due to body overload and the need to optimize lean mass to carry a heavier
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—

—

body weight. In addition, adipose tissue protects against mechanical bone trauma and
increases estrogen levels through the action of the enzyme aromatase.
The increase in BMI with body fat, as much as it increases bone mass, is incompatible
with the pursuit of cardiovascular health and the prevention and treatment of cancer,
not to mention glycemic control. Thus, in individuals with a lower BMI, resistance
exercise seems to be even more important for bone mass maintenance.
A vegan diet is fully compatible with good bone health, especially when calcium intake
(with good vitamin D level) is maintained at an adequate level and physical activity is
practiced regularly (recommended for the entire population, regardless of bone
health).

The same figure shown in the previous chapter is presented here to complement the information.
Figure 6.6. Vitamin D and calcium metabolism

Figure created by Professor Doctor Eric Slywitch
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3.2. Calcium metabolism
Calcium is one of the most abundant elements in the human body and the largest component of
mineralized tissues (bones and teeth), where more than 99% of this mineral is found. Approximately 1%
of body calcium is in the blood and should be maintained at a controlled concentration because it plays
a role in nerve impulse conduction, muscle and vascular contraction, and blood coagulation, in addition
to being a second messenger in the intracellular environment [508, 509].
Bone is a complex tissue. Its weight is composed of 70% minerals and 30% organic constituents. The
mineral content is 95% hydroxyapatite, Ca10(PO4)6(OH)2, i.e., mostly calcium with phosphorus, organized
into crystals with other ions (such as sodium, magnesium, fluorine, and strontium). The organic part
(osteoid) is composed of 98% collagen fiber and matrix formed by glycoproteins and proteoglycans.
Although bone seems immobile, it has a considerable remodeling rate, and in adults, the entire skeleton
is remodeled every ten years.
The serum calcium concentration in healthy individuals is maintained within controlled ranges under
the action of calciotropic hormones: parathyroid hormone (PTH), calcitriol (1,25-dihydroxyvitamin D or
1,25(OH)2D), fibroblast growth factor 23 (FGF23) and calcitonin. In calcemia, there is an increase in the
secretion of PTH, which acts in three ways: after binding to bone receptors, it removes calcium from
bone; reduces calciuria in the kidneys; and stimulates the enzyme 1-alpha-hydroxylase, which converts
25-OH-D3 (calcidiol) to 1,25(OH)2D (calcitriol), an active form of vitamin D able to activate vitamin D
receptors (VDRs) in enterocytes and increase calcium absorption. Without active vitamin D, calcium can
be absorbed via a paracellular route (between enterocytes) but in a smaller amount than via a
transcellular route (via VDRs). When the calcium concentration increases, there is an increase in the
secretion of calcitonin (secreted by the thyroid), with negative feedback exerted by 1,25(OH)2D on PTH.
FGF23 controls serum phosphate levels and, indirectly, calcemia [510, 511].
Magnesium plays a role in calcium metabolism by facilitating the secretion of PTH [512].
Approximately 60% of the magnesium stock in the body is located in bones, and ⅓ of bone magnesium is
found in cortical bone, both on the hydroxyapatite surface and in the hydration layer around the crystal.
Magnesium deficiency inhibits osteoblast growth and affects bone health. Conversely, excess
magnesium inhibits the formation of hydroxyapatite crystals by competing with calcium and binding to
phosphate, forming an insoluble salt that is not degradable by enzymes [513].
Vitamin K plays a role in the carboxylation of pro-osteocalcin, converting it to pro-GLA-osteocalcin and,
ultimately, to GLA-osteocalcin, which stores calcium in the bone matrix. Without vitamin K, pro-osteocalcin
becomes pro-GLU-osteocalcin and then GLU-osteocalcin (an undercarboxylated osteocalcin), which, because it
is not incorporated into the bone matrix, is discarded into the bloodstream [514].
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Figure 6.7. Bone processes – vitamin K and magnesium

Figure created by Professor Doctor Eric Slywitch

Low calcium intake is common in several countries, but it does not always receive attention in terms
of public health because this condition is not considered life-threatening compared with conditions
involving other essential nutrients that cause a greater impact in the short term. However, low calcium
intake is associated with preeclampsia and hypertension. Adequate calcium intake, particularly derived
from foods, reduces the risk of periodontal disease, hypertensive disorders, colorectal adenoma,
nephrolithiasis, coronary artery disease, insulin resistance and obesity. Excessive calcium intake (doses
>2,500 mg/d) increases the risk of hypercalcemia, renal failure, milk-alkali syndrome, and kidney stones.
Some studies suggest that there may be an increase in cardiovascular events and prostate cancer in some
populations; however, the data are controversial [207].
Low calcium intake is a common problem in almost all countries [207]. In the United States,
approximately 40% of the population uses calcium in the form of supplements [515].
There is no difference in the nutritional prescription of calcium for lacto-vegetarians or omnivores.
However, for those who consume vegan diets, the choice of other sources of calcium gains greater
importance because milk and its derivatives are the usual sources od calcium for most people. Such
prescriptions also do not cause difficulties for nutritionists because they are similar to prescriptions for
lactose-intolerant individuals.
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3.3. Recommended calcium intake
The required calcium intake varies based on the intake of phytate, oxalate, phosphate, salt, caffeine
and protein because all these compounds negatively affect calcium retention, either by impairing its
absorption (phosphate, phytate and oxalate) or by increasing its urinary excretion (caffeine and salt). In
addition, serum vitamin D levels significantly modify the amount of calcium that can be absorbed [207].
The recommended calcium intake is 1,000 mg/d for adults, as shown in Table 6.22.

Age group

Table 6.22. Recommended calcium intake
Calcium (mg/day)

Men, 19–65 years of age
Men, 19–50 years of age
Women, 19 years of age to
menopause
Women, 19–50 years of age

Source

1,000
1,000
1,000

OMS [516]
DRI [212]
OMS [516]

1,000

DRI [212]

3.4. What is the calcium intake by vegetarian groups?
Table 6.23 provides the calcium content in different diets.
Table 6.23. Calcium content in different diets (adapted from reference [26]):

Omnivores
1,026
950
939
344
995
1,328

Ingested calcium (mg/day)
Ovo-lacto-vegetarians
Vegans
1,019
875
746
384
1,018
--

557
378
768
359
586
538

Reference
[517]
[518, 519]
[519]
[520]
[521]
[522]

As seen in studies, calcium intake by vegetarian groups generally tends to be lower; correcting this
tendency should be incorporated into dietary planning.
Intake always depends on food choices, and if well planned, a vegetarian diet can exceed the
recommended amount of calcium (1,000 mg), with or without the use of supplements or fortified foods;
however, it is usually easier to achieve the recommended value via fortified foods or supplements.

232

3.5. Determinants of bone mass
It is important to partially disassociate bone mass from calcium intake. The importance of calcium
nutritional adequacy and good vitamin D levels is well known, but bone mass is not determined only by
the amount of calcium ingested.
In the United States, the prevalence of osteoporosis is 5% among men and 25% among women older
than 65 years of age [523]. Osteoporosis is responsible for more than 8.9 million fractures worldwide and
increases morbidity and mortality [524].
Body mass index (BMI) is an important factor because the effect of weight overload on bone structure
favors a higher bone density. Adipose tissue causes hormonal changes (aromatase converts testosterone
into estrogen). A low BMI is a risk factor for fractures [524]. A 2020 study addressed this issue in vegetarian
and omnivore groups, and we will discuss the results later.
An adequate level of sex hormones (estrogens and testosterone) and the type and intensity of
physical activity have strong effects on bone mass. Reduced estrogen and testosterone levels decrease
bone mineral density.
Some researchers indicate that a higher consumption of plant foods, especially fruits and vegetables,
is beneficial because these foods are excellent precursors of alkaline ash; this is, in fact, true. The greater
consumption of these food groups aids in bone maintenance due to the degree of alkalinity supplied to
the organism because the acid-base balance changes the demand for serum calcium as acidity removes
calcium from bones as a buffering mechanism. Some studies have shown that the adoption of a more
alkaline diet reduces urinary calcium loss. However, some researchers question whether there is a
difference in the mineral metabolic balance in individuals without impaired renal function. The higher
potassium and magnesium contents in plant foods seem to reduce urinary calcium excretion, and some
studies show beneficial effects on bone mass. It is also postulated that phytochemicals in fruits and
vegetables can aid osteoblast activity. Several observational studies (not necessarily with plant-based
diets) do not support this hypothesis, but others endorse it. Thus, the hypothesis that vegetables and
fruits are bone health factors based on maintaining an acid-base balance and on the action of
phytochemicals requires further investigation [26, 525-527].
Studies have demonstrated a change in the acid load resulting from vegetarian diets. Acid load can be
calculated using two methods: PRAL (potential renal acid load) and NEAP (net endogenous acid
production). The results of both are expressed in mEq/d. Meats have an acid load whereas fruits and
vegetables have an alkaline load [26].
Calculation of PRAL and NEAP
PRAL (mEq/d) = 0.49 × protein (g/d) + 0.037 × phosphorus (mg/d) – 0.021 × potassium (mg/d) –
0.026 × magnesium (mg/d) – 0.013 × calcium (mg/d). The final result for the food in question will
depend on the nutrients present in its composition.
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NEAP is easier to apply because it evaluates only the action of acidifying proteins (with higher sulfate
content) and the alkalinizing effect of potassium: NEAP (mEq/d) = (0.91 × proteins g/d) – (0.57
potassium mEq/d) + 21; or NEAP (mEq/d) = (54.5 × protein g/d/potassium mEq/d) – 10.2.
Table 6.24. provides the PRAL and NEAP values determined in different studies; the lower is the value,
the more alkalizing is the evaluated diet (in all comparisons, p < 0.037).
Table 6.24. PRAL and NEAP values determined in different studies (adapted from reference [26]).

Parameter
PRAL*
NAE**
PRAL
NEAP***
NEAP
NEAP

Omnivores
(mEq/d)
9
42.6

Ovo-lactovegetarians
(mEq/d)
-1.5
31.3

Vegans
(mEq/d)
-15.2
17.3
Moderate Strict
-46.5
-39.0
-6.19
+2.41
+16.3
+12.6

Reference
[519]
[528]
[529]

------95%
85%
[530]
animal foods
plant foods
+109
-186
PRAL
-3
-17
-23
[531]
PRAL = potential renal acid load; **NAE (net acid excretion) = estimated net acid excretion;
***NEAP = net endogenous acid production
In 2020, a study compared several diet profiles and found that a higher consumption of plant foods
(either in a vegetarian diet or in combination with meat-based foods) was associated with improved bone
mineralization markers and that this effect appeared to be due to plant-derived micronutrients and
phytochemicals [532].
A systematic review and meta-analysis indicated that the use of animal protein is not more advantageous
for bone health than is plant protein, or vice versa [533].
The impact of the microbiota on bone health has also been studied, and its effect on various body systems
is widely recognized. Studies show striking differences in the microbiota of vegans [42, 534]. The action of
microbiota has already been observed in animals, with an effect on osteoclasts, sex hormones, PTH action and
systemic inflammatory responses, factors that are related to bone mass [535, 536]. Clinical trials in humans
are still needed to understand the effect of microbiota changes on bone mass, but there is strong evidence
that microbiota changes are positively influenced by a vegan diet.
Exercise plays an important role in bone mass. In men [537] and in postmenopausal women [538],
exercise reduces bone loss. The site of muscle traction or impact site makes a difference in the affected bone
region; walking, for example, is effective in changing the mineral bone density of the femur but not of the
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lumbar spine of postmenopausal women [539]. Women who spend more than 9 hours sitting have 50% more
femur fractures than those who sit for less than 6 hours [540].
Although osteoporosis is commonly associated with a lack of calcium, genetics is considered responsible
for 80% of the constitution of bone mass [541-543]. Of the remaining 20%, calcium and vitamin D nutritional
status determines bone mass [544-547]. This factor indicates that a careful interpretation of studies that
associate only calcium intake with osteoporosis risk is necessary.
Although genetics has a strong impact on peak bone mass, adequate nutrient intake is the main factor for
gene expression in this regard. Thus, bone density is determined by several factors, such as genetics,
hormones, exercise and nutrition [548, 549].

3.6. Bone mass in vegetarian groups
For several reasons, it is difficult to conduct studies to evaluate the bone health of vegetarians. One reason
is the fact that many individuals adopt plant-based diets for better health, often in a context of other healthy
habits that affect bone mass. Another reason is that the largest cross-sectional and cohort studies with this focus
have investigated special populations, such as Seventh-Day Adventists and Mahayana Buddhists (in Vietnam
and Taiwan), generating potential sampling biases or correspondence biases with control groups. It is almost
impossible to design controlled randomized trials on this subject due to the difficulty in recruiting volunteers,
the impossibility of conducting a double-blind study and the cost of conducting a large-size study for decades, as
bone development occurs over the lifetime and is dependent on nutritional and nonnutritional factors [525].
Studies with vegetarian populations (ovo-lacto and vegan) generate different results with regard to bone
mass: some have shown worsening of bone mass in strict vegetarian populations [550]. However, the vast
majority have found no bone mass changes in vegetarians compared to omnivores [500, 551-556]. An
increased intake of corticosteroids and a high intake of animal protein and fat are associated with greater bone
mass loss [500]. A meta-analysis published in 2009 of nine studies with 2,749 individuals (1,880 women and
869 men) suggested that vegans have 4% lower bone density than do omnivores and that, clinically, this
difference is nonsignificant [556]. Since then, new studies have been published.
A prospective five-year study monitored changes in bone mass in women with an average age of 81 years
who lived in Adventist communities, some of whom were omnivorous and some of whom were ovo-lactovegetarians. The mean daily calcium intake by the omnivores was 996 mg, and that by the ovo-lactovegetarians was 733 mg. All women lost bone mass over the five years, at a rate of 1% per year, regardless of
the type of diet or calcium intake; that is, there was no difference between omnivores and vegetarians. The
lower was the lean mass, the greater was the bone mass loss [557].
A systematic review and meta-analysis of seven randomized clinical trials published in 2018 evaluated
the effect of animal protein compared to plant protein (with isoflavones) on bone mineral density and
content and bone biomarkers in 633 healthy adult women in perimenopause and postmenopause, finding no
differences between the two dietary choices [533].
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In 2018, in a study conducted in Canada worth noting for its follow-up time, 115 adolescents (mean initial age
of 12.7 years), 51 of whom were female, were followed up for 20 years (mean final age of 28.2 years) to investigate
the influence of dietary patterns on adult bone mass. The study evaluated the total body, femoral neck, and
lumbar spine bone mineral content and density by dual-energy X-ray absorptiometry (DEXA). Five dietary patterns
were identified (vegetarian; Western-like; high fat, high protein; mixed; and snack), with the vegetarian pattern
being the one that promoted better adult bone health. The vegetarian dietary pattern consisted of vegetables,
eggs, whole grains, fruit juice (100% fruit), legumes, nuts and seeds, added fats, fruits and skim milk [558].
A study published in 2018 evaluated bone markers of Danish individuals who consumed a vegan diet (n =
78) with insufficient calcium and vitamin D intake and compared them to omnivores (n = 77). Vitamin D (25OH-D), parathyroid hormone (PTH), serum calcium and four bone turnover markers — osteocalcin, bonespecific alkaline phosphatase, C-terminal telopeptide of type I collagen (CTX) and N-terminal propeptide of
type I procollagen (PINP) — were measured. PTH and PINP levels were higher in the vegan group than in
omnivores, a potential indication that bone mass deterioration is maintained for a long time. These markers
are influenced by vitamin D levels and calcium intake, and according to the authors, lower calcium intake by
vegans (average of 880 mg of dietary calcium plus supplements versus 1,000 mg/day in omnivores) could
explain, at least in part, these findings. In addition, serum vitamin D levels were significantly lower in vegans
than in omnivores, with levels of 47 nmol/L (18.8 ng/mL) and 67 nmol/L (26.8 ng/mL), respectively [504].
A 2019 systematic review and meta-analysis investigated the effect of a vegetarian diet (both ovo-lacto
and vegan) on bone mineral density and the risk of fractures. A total of 37 studies were included, with 37,134
participants who met the inclusion criteria (total body, lumbar spine and femoral neck bone mineral density
and number of fractures as outcomes) and exclusion criteria (study without imaging tests and studies with
participants whose fractures included those that occurred before becoming vegetarian). Compared with
omnivores, vegetarians and vegans had lower bone mineral density at the femoral neck and lumbar spine
and a higher rate of fractures. The authors concluded that a vegetarian diet should be consumed to avoid
negative consequences on bone health [559].
In 2020, a study with prospective data from the European Prospective Investigation into Cancer and
Nutrition (EPIC-Oxford) evaluated 29,380 meat eaters, 8,037 fish eaters, 15,499 ovo-lacto-vegetarians and 1,982
vegans regarding the total and site-specific (arm, wrist, hip, leg, ankle, clavicle, rib and vertebra) risks of fractures.
The evaluation was performed by following up each diet group for 17.6 years. The results indicated that vegans
had the lowest BMI (mean of 22.1 kg/m2) and the lowest calcium intake (591 mg/d). Dietary quality was not
evaluated, and the low fiber intake by the vegan group suggests that the diet was not completely based on
natural and whole foods. The vitamin D level in individuals was not evaluated. The results indicated that vegans
were at the highest risk of fractures (did not discriminate whether caused by exercise, accidents, or bone
fragility). This difference was attenuated when adjusted for BMI. The authors concluded that people who did
not eat meat, especially vegans, had a high total risk of fractures and a high risk of fractures at some more specific
sites, especially the hip, and that the bone mass of vegetarians requires further study [560].
Although BMI and muscle activity are directly related to bone mass, these factors were not given
prominence in the previously cited studies or meta-analysis.
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A 2020 study investigated the relationship between the bone mass and body composition (BMI and waist
circumference) of vegetarian and omnivorous adults. The data were extracted from the National Health and
Nutritional Examination Survey (NHANES), which is a research program conducted by the National Centers for
Health Statistics of the United States to evaluate the nutritional status of American children and adults across
time. The study data were extracted from the 2007–2008 and 2009–2010 NHANES. After screening (exclusion
of individuals younger than 20 years, individuals with missing data, and individuals who lacked bone
densitometry test results), 9,416 participants were included. After adjusting for age, sex, race/ethnicity,
menopause and educational status, the bone mass of vegans was significantly lower than that of omnivores.
However, after adjustments related to lifestyle, the difference was attenuated. After adjusting for BMI and
waist circumference, there was no difference between vegans and omnivores with respect to bone mass.
According to the authors, the lower bone mass observed in vegetarians in some studies can be explained, in
large part, by the smaller BMI and waist circumference in this group [555].
There is no evidence that a plant-based diet, with adequate calcium intake and adequate vitamin D levels,
is associated with negative outcomes with respect to bone mass [525]. Theoretical studies also suggest that a
plant-based diet may reduce the risk of osteoporosis due to the various protective factors described above;
however, further evidence is still needed [525]. It seems prudent, if there is a reduction in BMI within an
individual with normal weight, a protective factor against the main chronic noncommunicable diseases, that
the lower body weight be compensated by intensifying resistance exercise combined with adequate calcium
intake and the maintenance of good vitamin D levels.
In 2021, data from a prospective cohort study conducted with Seventh-Day Adventists were published.
The study identified 679 hip fractures per year during a follow-up of 249,186 patients. There was no difference
in the incidence of fractures among men who followed different diets, but vegan women had a 55% higher
risk of hip fracture than nonvegetarians. However, in vegetarian women who took calcium and vitamin D
supplements, there was no increased risk of fracture [561].
Thus, the data available to date show the safety of a vegan diet in the context of bone
mass if the intake of calcium and vitamin D is adjusted; additionally, when an individual
has a lower BMI, it seems prudent for the individual to increase resistance exercise.

3.7. Antinutritional factors
In addition to including good sources of calcium in a vegetarian diet, it is also important to reduce
antinutritional factors.
Oxalic acid is the main antinutritional factor that should be moderated to improve calcium
absorption. This means excluding foods rich in oxalic acid (spinach, chard, rhubarb, beet greens and cocoa)
or using cooking methods that reduce it, knowing that discarding cooking water can also lead to the loss
of various nutrients [562, 563].
Moderate consumption of table salt is an important factor for maintaining body calcium; for every
2,300 mg of sodium ingested, 40 to 60 mg of calcium is eliminated in urine [564].
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The maintenance of acidophilic gut microbiota improves calcium absorption in the ascending colon.
This requires increasing the consumption of dietary fiber and avoiding foods rich in fat (especially
saturated fat) and excess protein [565-567].
Reducing the phytic acid content of foods also helps improve calcium absorption [568-570].
The presence of lactose increases the absorption of calcium in the diet of animals and children but
not that of calcium in the diets of adults [571]. Thus, lactose-free products do not affect calcium
absorption in people with lactose intolerance or strict vegetarian habits. What is important is the intake
of a sufficient amount of calcium.

3.8. Dietary sources
Historically, as recently as 1984, in the United States, dairy products were the predominant source of
dietary calcium (70% of calcium intake). Currently, dairy products account for 40% of calcium intake.
Calcium supplements are used by 40% of adults and 70% of elderly individuals [571].
Low calcium intake is common in several populations, and in general, milk and dairy products are chosen
worldwide as a concentrated source of calcium. Their exclusion from the diet for health reasons, to reduce
environmental impacts or for any other reason requires choosing foods with a higher calcium content. Low
calcium intake in lactose-intolerant, omnivorous or vegan individuals may impair bone mass [571].
Before examining tables listing foods rich in calcium, it is important to further discuss some common
issues regarding specific food choices.

3.8.1. Fortified foods
Worldwide, only the UK has a mandatory program for the fortification of flour with calcium,
ultimately providing 13% to 14% of the daily calcium requirement. Without this fortification, 10% to 12%
of adolescents would have intake levels below the nutritional requirement [207].
The consumption of fortified foods may be an effective way to assist in adequate calcium intake.
Among the foods fortified with calcium outside the scope of public policies, fortified plant-based
beverages (formerly called plant milks) have gained ground in the beverage industry, and there are
interesting reviews on the industrial processing of these products [572].
According to reports on consumption trends, 49% of Americans, including 68% of parents and 54% of
children, consume these plant-based beverages with the goal of improving health [571].
The consumption of plant-based beverages with an appearance similar to cow milk has always been
common in several countries, such as horchata (Cyperus esculentus) in Spain, sikhye (based on cooked rice,
malt extract and sugar) in Korea, boza (fermented wheat, rye, millet and corn) in Bulgaria, Albania, Turkey
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and Romania, bushera (fermented wheat sorghum, millet and corn) in Uganda, and traditional “soy milk”
in China [573]. From a culinary perspective, these products are suitable cow milk substitutes but do not
have the same calcium content as dairy products. In this sense, from the nutritional standpoint, calciumfortified plant beverages are a more appropriate choice for daily use as sources of this mineral.
Homemade plant-based beverages are usually made with 100 g of grain (almonds, sunflower seeds,
cashew nuts or others) and 1,000 mL of water. Although nutritious, with the exception of sesame seeds,
grains have low calcium content because 100 g of grains has less than 240 mg (some, 150 mg) of calcium
in approximately 600-kcal.
The fortification of plant-based beverages with calcium does not diminish the nutritional power of
vegan or plant-based diets, as cattle receive intense supplementation of various nutrients, including
calcium in dairy cows, as discussed in the chapter on supplementation.
Different calcium-fortified plant-based beverages are available in several countries, greatly aiding in
providing dietary calcium. It is important to explain to consumers which plant-based beverage are
fortified with calcium because not all of them are. Beverages from different brands may have different
calcium levels, and it is not uncommon to find that one cup (200 mL) contains 240 to 400 mg of calcium,
depending on the manufacturer.
A study analyzed 148 plant-based beverages from three continents (United States, Australia and
Western Europe). Of this total, 49 were made from nuts or seeds, 38 from grains, 36 from legumes, 10
from coconut and 15 from mixed blends. The analysis showed positive data regarding nutritional quality,
as all beverages contained low sodium, saturated fats and calories. More than half of the beverages were
fortified with calcium in an amount equal to or greater than the content found in cow milk. The protein
content ranged from 0 to 10 g/portion. The fortified levels of vitamin D and B12 were considered low. The
authors concluded that the content of these nutrients can vary greatly from one beverage to another
[574]. Thus, we recommend that health professionals who work with vegetarians know the plant-based
beverages available in the market to indicate to their patients the ones most appropriate for their needs.
It is possible to achieve the recommended calcium intake with a vegan diet, but it
becomes much easier with the consumption of fortified foods [564].
Technically, calcium as calcium carbonate has a bioavailability similar to that of cow milk, between
20% and 40% [575, 576]. Tricalcium phosphate has 20% lower absorption, probably because it forms
calcium phosphate crystals in the small intestine. However, a study that used isotopes found that the
absorption of tricalcium phosphate was the same as that of calcium in cow milk [577].
Available in some countries, the calcium in fortified orange juice has the same bioavailability as
calcium in cow milk [578]. The absorption of calcium citrate malate is higher than that of tricalcium
phosphate and calcium lactate [579].
The degree of dissolution of calcium in plant-based beverages is lower than that of calcium in cow
milk. After centrifugation, 82% of the calcium in soy milk and 89% of the calcium in rice milk separates,
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but this occurs with only 11% of the calcium present in cow milk. Thus, to homogeneously ingest calcium
with each cup, it is best to stir plant-based beverages before consumption [580].
Many individuals exclude cow milk from their diet because they are lactose intolerant.
Milk and lactose intolerance
In most mammals, the production of the enzyme lactase decreases after weaning, constituting
intolerance or primary hypolactasia. In this condition, the consumption of products with lactose
leads to abdominal distension, flatulence, abdominal pain, and diarrhea, with variable intensity
depending on the amount consumed. Hypolactasia is genetically determined, but a mutation
occurred that has allowed some humans to tolerate milk in adulthood [581].
Lactose intolerance affects 75% of the world population; the prevalence data from several
countries are shown in Table 6.25 (adapted from reference [581]).
Table 6.25. Prevalence of lactose intolerance in several countries
Country
Germany
Austria
Brazil (whites)
Brazil (Terena indigenous children)
Brazil (Japanese)
Brazil (mixed race)
Brazil (black)
China (North)
Estonia
France
Hungary
India (North)
India (South)
Italy
Japan (adults)
Jordan (Bedouins)
Jordan (West) and Palestine
Russia (Northeast)
Siberia (West, Khanty people)
Somali
Sudan (Beja tribe, ranchers)
Sudan (Nilotes tribe, farmers)
Sweden (Caucasian children)
Sweden (non-Caucasian children)

Prevalence (%) of intolerant individuals
14.8
20.1
57
89.3
100
57
80
87.3
24.8
23.4
37
67.5
86.8
51 (North), 71 (Sicily)
89
24
75
35.6
94
76
16.8
74.5
10
66
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Sweden (Caucasian elderly)
Tuareg
Turkey

5
12.7
71.3

There are also health advantages when plant-based beverages are consumed instead of cow milk.
One study showed a 9% reduction in the total cholesterol level and a 4% reduction in the LDLc level in
adults in only four weeks when cow milk was replaced with oat or soy milk [582]. Isoflavones in soy milk
have a positive effect on cardiovascular health, prostate cancer and osteoporosis [324-326, 583].
In the context of health, milk consumption has strong effects that should be considered. High dairy
consumption is associated with an increased risk of prostate cancer and possibly endometrial cancer and also
with a reduced risk of colon and rectal cancer. Importantly, the reported health effects of dairy foods depend
heavily on the specific foods or beverages with which they are compared. In many studies, dairy foods show a
protective effect when compared to processed meats or to red meat and sugar-sweetened beverages but
exhibit less favorable effects when compared with vegetable protein sources, such as nuts [584].
Just as the production of omega-3 fatty acids from fish has devastating impacts on the marine
environment, the consumption of meat and dairy products impacts climate. When compared with that
for the production of soy or oat milk, carbon emission is 4 to 8 times higher for the production of cow
milk [573]. Calcium-fortified plant-based beverages should be included in the health domain as an
important resource for reducing environmental impacts and, for this reason, should be prescribed by
health professionals.

3.8.2. Calcium-rich water
The calcium present in drinking water may be an option for daily intake in some contexts.
The bioavailability of calcium in water has been widely studied since 1990, with approximately 10 studies
comparing it with dairy products. In six of these studies, absorption was studied with labeled isotopes and, in
others, with indirect markers, such as PTH or serum and urinary calcium levels. All studies reached the same
conclusion: calcium from water has good bioavailability, similar to that of cow milk [585].
Calcium-rich mineral water is called such when the calcium content is greater than 150 mg/L. Such
water is a great option for increasing calcium intake, with clinical results confirmed by bone markers [585,
586]. However, most of the waters available on the market do not have a calcium concentration close to
this level. An analysis of 36 different brands of noncarbonated natural mineral water commercially
available in Brazil showed that the calcium content ranges from 0.3 to 42 mg/L, an amount too low to
meet the daily requirement of 1,000 mg of calcium [587].
A review showed different calcium levels in water from several countries; the calcium content varied
greatly [207].
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Regarding nutritional guidance, when calcium-rich mineral waters are available for consumption as a
calcium source, the amount of calcium present in each should be evaluated.

3.8.3. Tofu
Tofu can be a great source of calcium, but some consideration regarding its use is necessary. After soaking,
grinding, and straining soybeans to make soy milk and then boiling the milk, during the temperature reduction
process, a coagulant is added so that the liquid (“whey”) separates from the solid part, which, when pressed,
becomes tofu. The nutritional content of calcium can vary greatly from one product to another, depending on
the type of coagulant used. There are three categories of possible coagulants: acids (citric, lactic, tartaric, malic
and gluconic), salts (calcium sulfate, calcium chloride, calcium acetate, calcium lactate, magnesium chloride,
magnesium sulfate and citrate trimagnesium) and enzymes (papain, chymosin-pepsin and MTGase). The main
factor for the choice of coagulant is the desired final consistency. The calcium content in tofu can vary
significantly based on the coagulant added, and tofu coagulated with calcium salts contains the highest calcium
content. Consumers are advised to check the calcium content on product labels. In 2019, a crab shell powderbased coagulant was developed to serve consumers seeking natural products and as an alternative to discarding
crab carcasses. Importantly, the addition of this type of product is exclusionary of vegetarian consumers [588].

3.8.4. Bioavailability
The absorption capacity of calcium can be modified not only by serum vitamin D levels and nutritional
factors but also by the life stage. For example, 80% of the calcium in breast milk can be absorbed. The
calcium content in a glass of milk is absorbed differently based on age group: 40% for adolescent girls,
30% young adult women, 25% for middle-aged women and 5% for elderly women [589]. Metabolic
demand alters the conversion of calcifediol to calcitriol, and the decrease in estrogen reduces the amount
of calcium transporters in enterocytes. These are some of the factors involved in changing the fraction of
calcium absorbed at different life stages.
The bioavailability of the nutrient depends not only on the food item but also on the
body condition of the person eating it.
The bioavailability of calcium varies based on different foods and may be high, even when derived
from the plant kingdom, especially if obtained from foods poor in oxalic acid [590-592].
Table 6.26. Calcium bioavailability in foods [593, 594]
Food
Bioavailability (%)
Broccoli
61.3
Napa cabbage
53.8
Kale
49.3
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Mustard greens
Milk
Yogurt
Cheddar cheese
Tofu with added calcium
Lentil
Adzuki bean
Sweet potato
Navy bean
Mung bean

40.2
32.1
32.1
31.2
31
29.3
24.4
22.2
21.8
15.7

In legumes, germination and peel removal increase calcium bioavailability by reducing antinutritional
factors [594].
A study on calcium bioavailability in Indian meals showed that calcium was more bioaccessible in corn
and rice-based meals than in wheat or sorghum-based meals [595].

3.8.5. Calcium-rich foods
The foods with the highest calcium content are shown in Table 6.27.
Table 6.27. Calcium content in plant foods (USDA)
Food number in
Table SR28
20001
18064

16428
16426
16135
16128
16427
16160
16118
16108
16119
16117
16049
16113

Food
CEREALS
Amaranth grain, uncooked
Bread, wheat
LEGUMES
Tofu, dried-frozen (koyadofu), prepared with
calcium sulfate
Tofu, raw, firm, prepared with calcium sulfate
Winged beans, mature seeds, raw
Tofu, dried-frozen (koyadofu)
Tofu, raw, regular, prepared with calcium sulfate
Tofu, hard, prepared with nigari
Soy flour, low-fat
Soybeans, mature seeds, raw
Soy meal, defatted, raw
Soy flour, defatted
Beans, white, mature seeds, raw
Nattō

Calcium content in mg
(in 100 g of the food)*
159
133

2134
683
440
364
350
345
285
277
244
241
240
217

243
16115
11450
16076
16045
16047
16037
16027
16083
16133
16410
11663
11974
11161
11597
11003
11622
11959
11233
11669
11591
11270
11096
11116
11152
11156
11568
11963
11988
11086
11955
11613
11278
11211
12193
12024
12023
12169
12006
12195

Soy flour, full-fat, raw
Soybeans, green, raw
Lupins, mature seeds, raw
Beans, small white, mature seeds, raw
Beans, yellow, mature seeds, raw
Beans, navy, mature seeds, raw
Beans, kidney, all types, mature seeds, raw
Mungo beans, mature seeds, raw
Yardlong beans, mature seeds, raw
Soybeans, mature seeds, roasted, no salt added
LEAFY VEGETABLES
Seaweed, agar, dried
Grape leaves, raw
Collards, raw
Winged bean leaves, raw
Amaranth leaves, raw
Kale, scotch, raw
Arugula, raw
Kale, raw
Seaweed, wakame, raw
Watercress, raw
Mustard greens, raw

206
197
176
173
166
147
143
138
138
138

Broccoli raab, raw
Cabbage, Chinese (pak-choi), raw
Chicory greens, raw
Chives, raw
VEGETABLES
Turnip greens, raw
Nopales, raw
Fungi, Cloud ears, dried
Beet greens, raw
Tomatoes, sun-dried
Borage, raw
Okra, raw
Edamame, frozen, unprepared
SEEDS AND NUTS
Seeds, sisymbrium sp. seeds, whole, dried
Seeds, sesame seeds, whole, roasted and toasted
Seeds, sesame seeds, whole, dried
Seeds, sesame butter, paste
Seeds, chia seeds, dried
Nuts, almond butter, plain, without salt added

108
105
100
92

625
363
232
224
215
205
160
150
150
120
115

190
164
159
117
110
93
82
60
1633
989
975
960
631
347

244
12061
12220
12078
12145
12120
12152
597
12151
16087

269
255
160
145
114
107
105
105
92

09094
09085
09147
09322
09289
09095
09205
09094
09085
09147
09322
09289

Nuts, almonds
Seeds, flaxseed
Nuts, brazilnuts, dried, unblanched
Nuts, pilinuts, dried
Nuts, hazelnuts or filberts
Nuts, pistachio nuts, dry roasted, without salt added
Walnut, raw
Nuts, pistachio nuts, raw
Peanuts, all types, raw
FRUITS
Figs, dried, uncooked
Currants, zante, dried
Jujube, dried
Tamarinds, raw
Prunes, dehydrated (low-moisture), uncooked
Figs, dried, stewed
Oranges, raw, with peel
Figs, dried, uncooked
Currants, zante, dried
Jujube, dried
Tamarinds, raw
Prunes, dehydrated (low-moisture), uncooked

09095
09205

Figs, dried, stewed
Oranges, raw, with peel

70
70

162
86
79
74
72
70
70
162
86
79
74
72

SPICES
02003
02023
02042
02017
02007
02038
02027
02016
02066
02033
02008
02036
02012
02018
02029
02041
02010

Spices, basil, dried
Spices, marjoram, dried
Spices, thyme, dried
Spices, dill weed, dried
Spices, celery seed
Spices, sage, ground
Spices, oregano, dried
Spices, dill seed
Spearmint, dried
Spices, poppy seed
Spices, chervil, dried
Spices, rosemary, dried
Spices, coriander leaf, dried
Spices, fennel seed
Spices, parsley, dried
Spices, tarragon, dried
Spices, cinnamon, ground

2240
1990
1890
1784
1767
1652
1597
1516
1488
1438
1346
1280
1246
1196
1140
1139
1002

245
02014
02004
02013
02005
02001
02002
02011
02015
02030
02049
02026
02064

Spices, cumin seed
Spices, bay leaf
Spices, coriander seed
Spices, Caraway seed
Spices, allspice, ground
Spices, seed analysis
Spices, cloves, ground
Spices, curry powder
Spices, pepper, black
Thyme, fresh
Spices, onion powder
Peppermint, fresh

931
834
709
689
661
646
632
525
443
405
384
243

Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

3.9. Calcium supplementation
Calcium – when do you need to use a supplement?

The use of calcium supplements has been associated with increased cardiovascular risk, but this has
been questioned because the people who use these supplements the most are elderly adults and
postmenopausal women, i.e., people who experience more cardiovascular events. In 2010, this topic was
widely discussed when a meta-analysis showed a 27% increase in the risk of acute myocardial infarction
associated with the use of calcium supplements [596]. The mechanisms that could lead to this are poorly
understood, but the idea is that an occasional increase in calcemia (when calcium is used in greater
quantities at a certain time of the day) could affect nonskeletal pathways, such as coagulation, and
increase thrombotic risk and vascular calcium deposition. However, a more recent meta-analysis,
published in 2018, showed a neutral effect of calcium in relation to cardiovascular risk [597].
Nutrient supplements should be used to correct a deficiency when the nutritional
requirement is not met through the diet. Supplements should not be taken without
assessing the actual need or for the nutrient level to exceed the body’s requirement.
The reliability of biochemical assays in assessing calcium levels is achieved by measuring PTH, vitamin D and
calciuria in 24 hours after confirming a normal serum calcium level (whether ionic calcium or total calcium
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normalized to the albumin level) [510]. When these markers cannot be used or are unknown, dietary
quantification can provide indications of how much calcium to intake as supplements or through fortified foods.

3.10. IVU’s opinion on calcium in vegetarian diets
Nutritional care
When choosing to exclude dairy products, some measures should be implemented to obtain
calcium:
— Consume the richest sources within each food group, as shown in the tables in this chapter.
— The foods with the highest content are sesame, chia, tofu (coagulated with calcium salts),
kale, arugula, watercress and broccoli, which should always be present in the diet, as well as
an abundant amount of natural spices for those who enjoy them.
— Use plant-based beverages fortified with calcium or calcium supplementation if calcium
intake does not reach 1,000 mg with fresh foods.
— Supplementation is indicated only to meet the daily calcium requirement.
— Avoid eating foods rich in oxalate (spinach, chard, rhubarb, beet greens and cocoa) in meals
with a higher calcium content.
— Reduce the phytate content in grains, as explained in the chapter on zinc.
— Maintain an adequate vitamin D level to ensure optimal absorption of ingested calcium.
Bone mass
— When adopting a vegan diet with higher nutritional quality, BMI reductions are possible
(even within the normal range) by choosing foods with a lower energy density. For those
who consume a vegan diet, regular exercise is even more important to provide impact and
bone traction and increase (in children and adolescents), maintain (in young adults) or
prevent (postmenopausal women and elderly adults) the loss of bone mineral density.
— Maintain adequate calcium intake and a good vitamin D level.
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4. IRON
4.1. Chapter overview
—
—
—

—

—
—
—
—
—

—
—

—

—

Iron deficiency is one of the most impactful deficiencies in terms of prevalence
and negative consequences in all life stages.
Once absorbed, heme and nonheme iron have the same metabolic function and
fate.
The bioavailability of iron in the diet is controversial because it depends on
nutritional characteristics and on the organism that receives this iron. In general,
heme iron has greater bioavailability than nonheme iron.
-The use of iron with elements that favor its absorption, avoiding those that
reduce it, is a good nutritional practice and should be implemented. Details are
provided throughout this chapter.
Meta-analyses indicate that heme iron is associated with an increased risk of
cardiovascular disease and esophageal, colon, rectum, and breast cancer.
Vegetarians tend to consume more iron and more vitamin C than do omnivores.
The prevalence of anemia (low hemoglobin) is similar between vegetarians and
omnivores.
The evaluation of iron metabolism involves measuring ferritin, which is an acutephase protein.
Ferritin should be evaluated in conjunction with other acute-phase proteins,
especially high-sensitivity C-reactive protein (hsCRP) and alpha-1-acid
glycoprotein, as well as other factors that increase it, such as increased BMI,
elevated liver enzymes and insulin.
Omnivores have a higher ferritin level than do vegetarians, but it is not known if
this represents a higher iron store or a higher level of inflammation.
The prevalence of iron deficiency is similar between Individuals who do not lose
blood (men and women who do not menstruate), independent of whether they
are vegetarian or omnivorous.
Individuals who lose blood have a higher prevalence of iron deficiency than those
who do not lose blood, and among women who menstruate, without a planned
diet, vegetarians have a higher prevalence of iron deficiency than do omnivorous
women.
Because iron metabolism can be evaluated biochemically with relative accuracy,
adults should undergo nutritional assessments and receive supplementation only
when there is evidence of a deficiency.
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—

Meat consumption is unable to correct iron deficiency, even in omnivores, and
eating meat should not be suggested to vegetarians to improve their iron
nutritional status.

4.2. Understanding the importance of iron
The Global Burden of Diseases, Injuries and Risk Factors Study 2016 conducted a comprehensive
assessment of the prevalence and incidence of years lived with disability from 328 causes (diseases and
injuries) and 2,982 sequelae in 195 countries and territories from 1990 to 2016. Worldwide, low back
pain, migraine, age-related hearing loss, major depressive disorder and iron deficiency anemia were the
main causes of years lived with disability. In 2016, iron deficiency anemia affected 1.2 billion people [598].
In 2016, it was estimated that 41.7% of children under 5 years of age, 40.1% of pregnant women and
32.5% of nonpregnant women worldwide were anemic [599, 600]. The control of iron deficiency anemia
is a global health priority of the World Health Organization (WHO), with the goal of reducing its prevalence
by 50% in women by 2025 [601]. According to the WHO, 42% of cases of anemia in children and 50% of
cases in women would improve with iron supplementation [602].
Iron deficiency, even without anemia, negatively impacts organ functions and is associated with an
increased risk of maternal-infant mortality, impaired cognitive and body development, reduced physical
performance and work capacity in adults, and a decline in functional cognitive disorders in elderly people
[603].
In iron deficiency, it is common for individuals to experience symptoms of fatigue and lethargy,
reduced concentration, dizziness, tinnitus, pallor, and headache. They may also present restless leg
syndrome, alopecia, dry skin, and hair, koilonychia (depression in the nail plate, giving a spoon-like
appearance) and atrophic glossitis. It is possible for nonnutritive food (soil, clay, ice, and raw rice)
compulsion, i.e., pica, to occur. Iron deficiency worsens the prognosis of individuals with heart failure and
ischemic heart disease. Even in apparently asymptomatic patients, iron deficiency reduces physical
performance, pediatric neurocognitive development, and safety in pregnancy. In iron deficiency anemia,
hemodynamic instability may occur. This condition increases the risk of blood transfusions in surgical
procedures and is correlated with increased postoperative morbidity and mortality [604].
For a correct understanding of iron from a nutritional standpoint, it is necessary to know not only the
food sources and the bioavailability of this nutrient but also its metabolic aspects, as laboratory
evaluations of iron depend on several factors.
Without this knowledge, it is not possible to interpret results from comparative studies of iron in
vegetarians and omnivores.
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4.3. Metabolic functions
Iron is one of the most abundant minerals on the planet. It can donate or receive electrons and
participate in redox reactions. Its presence is essential for oxygen transport, mitochondrial respiration,
intermediary and xenobiotic metabolism, nucleic acid replication and repair, immune defense and cell
signaling [603].
Iron is incorporated into several proteins (hemoglobin, myoglobin, cytochrome proteins,
myeloperoxidase, and nitric oxide synthase), iron-sulfur clusters (respiratory chain complexes IIII, coenzyme Q10, mitochondrial aconitase, and DNA primase) and other functional groups
(hypoxia-inducible factor and prolyl hydroxylase) [603].
Iron deficiency has a very negative impact, but so does excess iron, as it increases tissue damage via
oxidative processes. Iron that is not used by the body is stored in ferritin, which has a high capacity to
accumulate iron, making it nonreactive to redox processes. Free iron causes tissue damage (by increasing
free radical production, stimulating the inflammatory response and activating pathogens), but not
ferritin, which has a protective metabolic effect and is a nonenzymatic protein antioxidant [603].

4.4. Absorption
In healthy individuals, 80% of absorbed iron is used for hemoglobin production. Iron is absorbed in
various forms: inorganic iron, heme iron and ferritin [603].
Inorganic ferric iron (Fe+3) must be oxidized to ferrous iron (Fe+2) for intestinal absorption. This
conversion can be performed by intestinal cells due to the presence of ferrireductases, such as duodenal
cytochrome B (DCYTB), and is facilitated by the presence of an acidic environment (such as ascorbic acid).
As Fe+2, iron is carried through the apical membrane by divalent metal transporter 1 (DMT1) [605].
Heme iron and ferritin have lesser known absorption pathways, such as heme carrier protein 1 (HCP1),
and evidence suggests that after being absorbed, they follow pathways similar to those of inorganic iron.
Upon being absorbed, heme is cleaved by heme oxygenase, releasing iron from its interior [603].
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Figure 6.8. Iron absorption by enterocytes

Figure created by Professor Doctor Eric Slywitch

Regardless of the type of iron ingested, after absorption, use by the body is the
same.
Heme iron, due to the presence of a porphyrin ring, protects iron from the external environment and
preserves its continuous absorption in the human gastrointestinal tract [606].
Several methods have been used to estimate the bioavailability of iron. The first studies used a meal
with radioisotopes and evaluated the effect of ascorbic acid and meat on the absorption of nonheme iron
[607, 608]. Subsequently, algorithms were developed to investigate the absorption of iron by factors that
optimized or inhibited its absorption in a single meal [609]. However, none of these methods provided
definitive data on the bioavailability of iron.
It is accepted that the composition of the diet affects iron absorption, and the WHO/FAO reports
varied bioavailability values, such as 15%, 12%, 10% and 5% [610]. There is disagreement regarding the
effect of diet on iron bioavailability when the elements that increase or inhibit its absorption are used
concurrently.
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Additionally, the nutritional status of iron and the inflammatory state of each individual affect iron
absorption, which increases when there is iron deficiency and a low inflammatory state. As an example,
when ferritin is low (6 μg/L), the absorption of nonheme iron ranges from 13.9 to 23%. When ferritin is
normal (100 μg/L), absorption decreases to 1.8% to 3.0%, demonstrating a compensatory effect for
maintaining body homeostasis [611].
Despite the lack of a consensus, it is accepted that heme iron has a bioavailability of 15% to 35%
and that nonheme iron has a bioavailability of 2 to 20% [606].
Only 10% to 15% of heme iron is available in an omnivorous diet rich in meats [612].
Previous studies indicate an iron bioavailability of 7.1% in pearl millet (Pennisetum glucum), 15.0% in
rice (Oryza sativa), 7.6% in catjang cowpea (Vigna catjang) and 22% in chickpea (Cicer arietinum).
However, these values vary among studies, as shown in Table 6.28.
Table 6.28. Bioavailability of iron in different foods in three studies (adapted from reference [594])
Rao and Prabhavathi
Aannapurani and
Hemalatha
Food
(1983)
Murthy (1985)
et al. (2007)
Rice
15.0
5.2
8.1
Wheat
7.1
12.9
5.1
Sorghum
9.0
18.8
4.1
Millet
7.4
11.3
6.6
Cowpea
7.6
30.4
1.8
Pigeon pea
19.8
-3.1
Whole chickpea
22.0
36.9
6.9
Peeled chickpea
--7.9
Beans
-17.2
-Lentils
18.8
--Soy
18.6
25.0
-Green bean
--10.2
The only factor inhibiting the absorption of heme iron is calcium. Vitamin C, organic acids and other
factors that stimulate the absorption of nonheme iron do not enhance the absorption of heme iron [613].
A systematic review of dose–response randomized, and crossover studies evaluated the interaction
of iron and calcium as supplements. The negative effect of calcium intake on iron was significant but of
low magnitude, with an average reduction of 5.57% in the studies evaluated, all of short duration. There
was an inverse and significant relationship between calcium dose and ferritin concentration but without
changes in hemoglobin levels. According to the authors, the available studies are insufficient to make
recommendations due to their heterogeneity, the limitations of ferritin as a marker of iron nutritional
status and the lack of studies with pregnant women. It seems unlikely that iron separated from calcium
interferes with the anemic state [614]. As a precaution, in terms of supplementation, separating iron from
calcium seems prudent, given the current knowledge.
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However, anemia is the last manifestation of iron deficiency and is not a good safety parameter.
The main factors that increase the absorption of nonheme iron are vitamin C, sulfur amino acids
(meat factor), organic acids and alcohol. The factors that inhibit absorption are tannins (present in teas
and coffee), calcium and dairy products, polyphenols and phytates, some animal proteins (milk and eggs)
and some micronutrients, especially zinc and copper [615, 616].
The main factors that stimulate or inhibit the absorption of nonheme iron are listed in Table 6.29 [606].
Table 6.29. Factors that stimulate or inhibit the absorption of nonheme iron
Factors that stimulate the absorption of
Factors that inhibit the absorption of
nonheme iron
nonheme iron
Meat components (sulfur amino acids, also
Calcium (inhibits heme and nonheme iron
found in beans)
absorption)
Vitamin C (75 mg increases iron absorption by
Casein phosphopeptides (proteins
3 to 4 times)
present in eggs, milk and cheeses)
Organic acids (citric, malic, and tartaric acids)

Phytic acid

Vitamin A and beta-carotene (questionable
effect)
Fructooligosaccharides (by the acidophilic
microbiota in the colon)

Polyphenols (tannins and catechins) –
various teas, coffee and wine
Reduction in gastric acidity

Low iron store (increases absorption by 10 to
15 times)

Increased inflammatory state (increased
hepcidin expression)

The use of purified fibers in very high doses causes minimal interference in the absorption of minerals
from the diet. The inhibitory effect of iron absorption in fiber-rich foods does not seem to be due to fiber
but to phytic acid, which can be minimized by cooking methods [617, 618].
Vitamin C is one of the most potent stimulants of iron absorption and acts in opposition to the
inhibitory effects of polyphenols, phytate, calcium and casein phosphopeptides. Therefore, it is important
that it is always present when these compounds are present in the diet or not [606, 619].
The use of iron pots increases the mineral content in foods, but its amount is uncertain. Using iron
pots may be a preventive measure for deficiency but not the only treatment [620].
From the point of view of culinary processes and the addition of exogenous elements to products,
the table below indicates the changes in terms of bioaccessibility of iron in cereals and legumes.
Bioaccessibility is determined by in vitro methodology to evaluate the accessibility
of nutrients in a food matrix by simulating the digestive process and assimilation
by the intestinal epithelium.
The bioaccessibility of iron using various cooking methods is shown in Table 6.30.
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Table 6.30. Cooking processes and the effects on the bioaccessibility of iron
(adapted from reference [594])
Process
Iron bioaccessibility
Food processing methods
Cooking under pressure
Increases
Microwaving
Increases
Germination
Increases
Fermentation
Increases
Malting*
Increases
Exogenous factors
Amchur **
Increases
Citric acid
Increases
Protein isolated from soybean
Decreases
*Malting is a process of maceration, germination and drying of grain to convert it into malt.
**Amchur is green mango powder, used as a citrus seasoning, common in India.

4.5. Heme iron
Although classical nutrition strategies encourage the use of heme iron due to its greater absorption
potential, its use needs to be reviewed and proscribed, given all the harm of its presence in the human
body. In the table below, we summarize its effect through published meta-analyses.
Cancer
In 2011, a meta-analysis evaluated the relationship between meat iron and the risk of colon
and rectal cancer in 566,607 individuals. There were 4,734 cases of colon cancer. In those
who had a higher heme iron intake, the risk was 18% higher than in those who had the
lowest intake. The role of heme iron in carcinogenesis is related to its ability to catalyze the
endogenous formation of N-nitrous compounds and lipoperoxidation (causing genotoxicity
by aldehydes) [621].
In 2013, a systematic review and meta-analysis evaluated 59 epidemiological studies
published from 1955 to 2012 with information on the amount of dietary iron, total iron and
heme iron and on markers of iron nutritional status and cancer risk. For each 1mg/day
increase in heme iron intake, there was an increase of 8% in the risk of colon and rectal
cancer, 12% in the risk of colon cancer, 3% in the risk of breast cancer and 12% in the risk of
lung cancer. The highest ferritin levels correlated with the lowest risk, which suggests
greater protection against free iron [622].
Regarding prostate cancer, a meta-analysis published in 2015 found no correlation
between prevalence and heme iron consumption [623].
Regarding esophageal cancer, a meta-analysis published in 2018 evaluated 4,855 cases in
1,387,482 participants and found that for every 5 mg/day of increased total iron intake,
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there was a 15% reduction in the risk of esophageal cancer. In contrast, for each 1 mg/day
increase in heme iron intake, there was a 21% increase in risk [624].
Another systematic review and meta-analysis published in 2019 evaluated iron intake and
breast cancer risk in 23 studies. The consumption of heme iron was associated with a 12%
increase in risk, and there was no association of risk with total iron consumption or
supplementation or with ferritin levels [625].
Cardiovascular disease
In 2014, a meta-analysis of prospective studies included 131,553 participants with 2,459
cases of coronary disease. For each 1 mg/day increase in heme iron intake, cardiovascular
risk increased by 27%, showing a clear positive association [626].
In 2015, another meta-analysis of prospective studies (totaling 252,164 participants and
15,040 cases of cardiovascular disease) confirmed the association between a higher risk of
cardiovascular disease and heme iron, without an association between nonheme iron and
total iron. For each 1 mg/day of heme iron ingested, the risk was 7% higher [627].

4.6. Transport and storage
After absorption, the release of iron from enterocytes into the systemic circulation is performed by a
specific transporter, ferroportin; iron is exported as Fe+2, oxidized to Fe+3 by hephaestin and ceruloplasmin
and carried by transferrin [603].
Under normal conditions, transferrin is the main iron transporter in the bloodstream. Each transferrin
can transport up to two iron molecules and maintain them in an inert redox state, protecting organisms
from the oxidative effect of free iron. Approximately 20% to 40% of transferrin iron-binding sites are
occupied, corresponding to transferrin saturation. This transporter carries iron to tissues, which receive
it via transferrin receptor 1 (TRF1) [603].
When the amount of circulating iron exceeds the transferrin transport capacity, an iron-binding
protein (NTBI or nontransferrin-binding iron) can circulate and remove labile iron from the plasma,
depositing it in organs such as the liver, pancreas and heart and promoting tissue damage because free
iron causes oxidation [603].
The iron in ferritin (which is a protein structure) prevents the toxic effect of the free metal in
organisms. Ferritin is measured in the bloodstream, originates mainly in macrophages and, in general, is
related to body iron stores [603].
Ferritin levels can be influenced by inflammation, infection, liver disease,
malignancy, and other conditions.

4.7. Iron recycling
Humans can effectively conserve and recycle iron.
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The largest source of daily iron for metabolic processes comes from recycling by macrophages. These
cells phagocytize old or damaged erythrocytes after an average lifespan of 120 days. Erythrocytes are
degraded, and the released iron can be stored in ferritin and released into the bloodstream [603].
Approximately 1 to 2 mg of iron is absorbed by the duodenum daily, balanced by
the uncontrolled loss of 1 to 2 mg/day through peeling of the skin, sloughing of the
intestinal mucosa and blood loss [603, 628].
Figure 6.8 shows, in summary, the iron content in and functions of compartments in iron homeostasis.
Figure 6.8. Iron content and compartment functions in iron homeostasis (adapted from [603])

Figure created by Professor Doctor Eric Slywitch

During each blood donation, approximately 250 mg of iron is removed from the
donor's body [629].
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4.8. Regulation of systemic homeostasis
There are three main systems by which iron is regulated in the body: iron regulatory proteins (IRPs),
hypoxia-induced factor (HIF) and hepcidin [603]. Due to the importance of the topic, hepcidin deserves
special attention because its discovery has revolutionized the understanding of body iron kinetics.
Without an understanding of hepcidin, it is not possible to interpret any comparative study of iron
metabolism in vegetarians and omnivores.

Hepcidin
Hepcidin is a peptide hormone synthesized in hepatocytes. It circulates linked to alpha-2macroglobulin, and it is primarily excreted through the kidneys [603].
The role of hepcidin can be seen in Figure 6.9.
Hepcidin seems to be the main factor responsible for the nonuse of body iron in inflammatory and
infectious processes but also when there is excess iron. It is a component of the acute-phase response, and
its synthesis is stimulated by the presence of interleukin-6 (IL-6). With the increase in hepcidin, ferroportin
(transports iron from the intracellular space to extracellular space of enterocytes and macrophages)
internalization and degradation occur, preventing iron from leaving macrophages, in addition to reducing the
absorption of lost iron by enterocytes after sloughing of the intestinal epithelium [603].
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Figure 6.9. Roles of hepcidin and inflammation in iron metabolism
(adapted from references [605, 630])

Figure created by Professor Doctor Eric Slywitch

In the presence of inflammation, infection or excess iron, the hepatic synthesis of
hepcidin increases. Thus, ferroportin is degraded, and intestinal iron is not absorbed
and cannot leave macrophages. There is an increase in ferritin levels. The bone
marrow is devoid of iron for hemoglobin synthesis, potentially leading to anemia due
to chronic disease if the inflammation is prolonged; although there is body iron, it is
not available for hemoglobin synthesis.
In addition, inflammation reduces the production of renal erythropoietin and the
responsiveness of bone marrow to erythropoietin, which may cause anemia, even if
there is sufficient body iron to support the production of erythrocytes [630].
This understanding is of crucial importance for evaluating iron.
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Inflammation increases ferritin levels; however, this increase does not reflect an
increase in body iron stores. Therefore, iron assessments should also include the
measurement of specific inflammatory markers.

4.9. Iron deficiency anemia
In the context of iron assessments, it is very important for clinical differentiation for the concept of
anemia to be separated from the concept of iron deficiency.
Anemia is the condition in which the number of red blood cells (and consequently their ability to
transport oxygen) is insufficient to meet the physiological needs of the body [631].
Because oxygen is the most important nutrient for the body, i.e., its absence leads
to death in minutes, hemoglobin is the last factor to decrease when there is a
deficiency of iron or other nutrients linked to its synthesis.
Iron deficiency is the most common nutritional cause of anemia, but other conditions should always
be considered in evaluations, such as folate deficiency, vitamin B12 deficiency, vitamin A deficiency, acute
or chronic inflammation, parasitic infections, and disorders that cause changes in the synthesis of
hemoglobin or its half-life.
A reduction in hemoglobin cannot be used alone for the diagnosis of iron deficiency.
Anemia affects approximately 25% of the world population (approximately 1.62 billion people) [632].
The normal hemoglobin level (when there is no nutritional deficiency or hemoglobinopathy) is defined
by the level of tissue hypoxia [631].
Regarding iron, anemia may occur by reducing the total amount of body iron, which limits
hematopoiesis [603].

4.10. Iron deficiency
The most well-known clinical manifestation of iron deficiency is anemia, but it is a later manifestation.
The main causes of iron deficiency are malabsorption of the mineral (celiac disease, gastric or
intestinal resection, Helicobacter pylori colonization, and proton pump inhibitors), increased iron
requirements, such as during pregnancy and rapid child growth, and greater blood loss (gynecological or
gastrointestinal losses due to parasites, ulcers, malignancy, aspirin or nonsteroidal antiinflammatory
drugs) [603].
In healthy humans, menstrual blood loss or frequent blood donations are the most
common causes of iron deficiency in adults.
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4.11. Diagnosis of iron deficiency
The diagnosis of iron deficiency is simple, except when there is inflammation or infection; under these
conditions, there is a redistribution of body iron that affects the diagnostic parameters. Iron deficiency is
defined by a low amount of body iron, with or without anemia.
In gradual blood loss or in slow iron utilization with insufficient replacement, iron deficiency occurs
slowly. First, there is a reduction in the body stores (iron deficiency) and a reduction in circulating iron
(restricting erythropoiesis). Finally, there is a negative impact on the hemoglobinization of erythroblasts
(iron deficiency anemia). Under this condition, the liver suppresses the production of hepcidin and
facilitates the absorption of intestinal iron (release of ferroportin from enterocytes and macrophages) in
an attempt to maintain transferrin at a normal level [633].
In the case of iron deficiency, when anemia occurs, the production of hypoxia-induced factor 2 alpha
(HIF-2α) increases, leading to the increased production of erythropoietin by the kidneys and the
expression of DMT1 and DCYT-B and of ferroportin from duodenal enterocytes. That is, iron deficiency
causes greater intestinal conversion of ferric to ferrous iron, increases intestinal absorption and stimulates
the formation of red blood cells [633].
In terms of units, measured ferritin can be presented in ng/mL or μg/L. The two
units are similar and do not require conversion, i.e., 1 ng/mL = 1 μg/L.
In laboratory terms, a ferritin concentration less than 30 μg/L is the most sensitive (92%) and specific
(98%) marker for defining iron deficiency. Ferritin reflects a low iron store [634].
The first variable to decrease when iron is lacking is ferritin.
A ferritin concentration less than 30 μg/L is a sensitive and specific indicator of iron
deficiency.
Unfortunately, some laboratories still consider concentrations less 30 μg/L as normal, hindering a
correct diagnosis [633].
A systematic review of randomized controlled trials in nonanemic adults with iron deficiency showed
that iron supplementation does not improve physical capacity but improves fatigue reported by these
individuals [635].
A ferritin level between 20 and 100 μg/L is considered optimal in the context of reducing the risk of
cardiovascular mortality and morbidity, with 76 μg/mL showing clinical benefits [636].
A ferritin level greater than 50 μg/L is desirable [637] and is beneficial to individuals with restless leg
syndrome [638, 639].
According to current knowledge, the optimal ferritin concentration, in the absence
of an inflammatory or infectious state, should be between 50 μg/L and 100 μg/L;
the intermediate concentration of 75 μg/L is a reasonable goal.
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Transferrin saturation and serum iron are reduced in more advanced iron deficiency. In anemia due
to chronic disease, transferrin saturation decreases, but ferritin increases, reflecting the sequestration of
iron by macrophages [633]
Although the diagnosis of iron deficiency anemia and chronic disease anemia is simple, there is no
clear test to diagnose iron deficiency anemia in a context of inflammation. Low transferrin saturation is
one of the criteria correlated with ferritin levels; empirically, iron deficiency is defined as ferritin level less
than 100 ng/mL or 300 ng/mL in chronic kidney disease or heart failure [633].
In the presence of inflammation, the WHO defines iron deficiency as a ferritin level less than 70 μg/L
[640].
An individual may have a ferritin level within the normal range despite having a low
iron reserve is the presence of an inflammatory or infectious process. Highsensitivity C-reactive protein (hsCRP), alpha-1-acid glycoprotein and TNF-alpha are
inflammatory markers that should be tested together with ferritin [633, 641].
Several factors can trigger inflammation in the absence of an acute or infectious inflammatory
process, for example, excess body fat [642]. Body fat accumulation is considered an underlying
mechanism of metabolic diseases because it triggers low-grade inflammation and insulin resistance [643],
conditions that increase ferritin synthesis [644].
The evaluation of ferritin requires the joint evaluation of body weight or body
composition as a marker of adiposity and the degree of insulin resistance and
hepatic impairment. Worsening of these parameters leads to increased levels of
ferritin.
Iron deficiency causes a reduction in the mean corpuscular size and mean corpuscular hemoglobin
concentration, changes typical of iron deficiency. The red cell distribution width (RDW), which indicates
variation in erythrocyte volume, increases, especially in the initial phase of deficiency, when normal-sized
cells still coexist with reduced-size cells [633]

4.12. Nutritional status of iron in vegetarians
It is very difficult to compare the nutritional status of iron in vegetarians and omnivores because of
the inflammatory state.
As discussed, hepcidin plays a key role in iron regulation, and when it is elevated (in this case by
inflammation), ferritin levels also increase and are not, in this condition, representative of the iron
nutritional status. Therefore, in any comparative study of diets, several confounding factors should be
excluded, such as BMI, degree of insulin resistance, alterations in liver enzymes (ALT and AST), and
alterations in inflammatory markers (such as hsCRP, alpha-1-acid glycoprotein, TNF-alpha, homocysteine,
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and uric acid). Additionally, in the context of iron deficiency risk, the frequency and intensity of blood loss,
such as blood donations and menstrual loss, should be highlighted.
Several studies comparing the ferritin levels of omnivores and vegetarians report a lower circulating
ferritin level in vegetarian than omnivorous men and/or women [333, 645-647], without comparatively
evaluating the level of inflammation. Only one study evaluated CRP concentrations and found a similar
levels of this inflammatory marker in vegetarians and omnivores but a significantly higher BMI in
omnivores [333].
Another point to be considered is the different ferritin cutoff values for iron deficiency. Two studies
that used a ferritin cutoff of <12 ng/mL found a similar prevalence of iron deficiency in vegan and
omnivorous women, with one also reporting a similar prevalence between women who menstruated and
women who did not [645, 648]. A study that considered different ferritin cutoff points for men (<20
ng/mL) and women (<15 ng/mL) found similar prevalence of iron deficiency among men but a higher
prevalence among vegetarian (ovo-lacto vegetarian) women than among omnivorous women [649].
Another study that considered a ferritin cutoff point <25 ng/mL reported a higher frequency of iron
deficiency in men with different vegetarian habits (ovo-lacto-vegetarians and vegans) than in omnivores
[646]. None of these studies evaluated the effects of metabolic and/or inflammatory factors involved in
ferritin metabolism on the diagnosis of iron deficiency.
In 2018, a systematic review and meta-analysis [650] involving 24 studies (2,124 individuals, of whom
1,159 were vegetarians and 965 were omnivores, including men and pre- and postmenopausal women)
showed that vegetarians have lower iron stores (lower ferritin levels) than do nonvegetarians. Among
women, 11 of 22 studies showed similar ferritin levels in omnivores and vegetarians, while 10 studies
showed higher ferritin levels in omnivores, and one study found a significantly lower level of iron in one
of the vegetarian religious groups evaluated but not in the other. Regarding men, 16 studies were
evaluated, showing higher ferritin levels in the nonvegetarian population; six studies showed no
difference in ferritin levels. The studies showed relative heterogeneity. This meta-analysis concluded that
vegetarians have a lower iron store than do omnivores.
However, this lower ferritin concentration may not reflect significant differences in the prevalence
of iron deficiency among these populations because the inflammatory status was not properly
evaluated.
With the intention of better assessing the iron nutritional status and having more answers to these
comparative questions, we conducted a study on the topic. For the evaluation, we selected 1,340
individuals (between 18 and 60 years): 422 men (44.1% omnivore, 13.5% semivegetarian, 34.1% ovolacto vegetarian and 8.3% vegan), 255 women who did not menstruate (49.1% omnivore, 17.3%
semivegetarian, 27% ovo-lacto vegetarian and 6.6% vegan) and 693 women who menstruated (38.5%
omnivore, 15.1% semivegetarian, 37.1% ovo-lacto vegetarian and 9.4% vegan). First, without evaluating
BMI or inflammatory markers, we separated omnivores from vegetarians and found that in men and
women who menstruated or not, vegetarians had a higher prevalence of lower ferritin levels,
characterized as iron deficiency (ferritin < 30 μg/L). Before assessing individuals with similar levels of
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inflammation, we found that both omnivores and vegetarians had similar increases in ferritin levels
when they gained weight, when hsCRP increased and when insulin resistance increased. The omnivore
group had more individuals with an elevated BMI than did the vegetarian group. Therefore, we separated
only eutrophic individuals (without insulin resistance) and those with low hsCRP levels for a comparative
evaluation. The evaluation of ferritin levels indicated that there was no difference in the prevalence of
iron deficiency (ferritin < 30 μg/L) between vegetarians and omnivores who were men and women who
did not menstruate. Only women who menstruate had a higher prevalence of iron deficiency, i.e.,
31.85% in omnivores and 51.46% in vegetarians. These data suggest that not losing blood is one of the
most important factors for maintaining an adequate ferritin level. Without evaluating the metabolic status
of individuals, any evaluation of iron nutritional status has a high potential to produce an erroneous result
[651].
Regarding metabolic inflammation, the composition of omnivorous diets may have a proinflammatory
effect. For example, meat (especially red meat) and eggs provide choline for the synthesis of
trimethylamine (TMA) by the intestinal microbiota; TMA is absorbed by the intestine and oxidized by the
liver to trimethylamine N-oxide (TMAO), which is associated with a higher risk of inflammatory metabolic
disorders, including insulin resistance, as already discussed in this guide [652]. Taken together, these
observations suggest that the relationship between HOMA-IR progression and elevated ferritin levels may
be independent of overweight/obesity and that omnivorous diets may be the cause, possibly through
inflammatory mechanisms, which are also associated with the increased consumption of saturated fat,
which increases TNF-alpha production.
Thus, based on the data in the current literature, we can state the following:
— Omnivores have a higher ferritin level than do vegetarians.
— Higher ferritin levels are not necessarily a marker of a better iron nutritional
status in omnivores because studies did not assess levels of inflammation.
— When we excluded individuals with factors capable of elevating ferritin levels,
such as BMI, insulin resistance, elevated liver enzymes and hsCRP, only under
the condition of menstrual blood loss do vegetarian women have a higher
prevalence of iron deficiency.
— There are still no studies that evaluate all inflammatory markers to provide a
definitive answer on the comparison of ferritin levels as a representation of the
iron nutritional status of vegetarians and omnivores.
— Women who menstruate or individuals who lose blood through other routes
have a higher risk of iron deficiency.
With regard to the prevalence of anemia in vegetarians and omnivores, a study identified a lower
hemoglobin concentration in eutrophic omnivores than in overweight omnivores, without a
characterization of the anemic state [647]. The higher or lower hemoglobin level when there is sufficient
iron for erythropoiesis is difficult to interpret because it is determined by the degree of tissue hypoxia. In
iron deficiency, the hemoglobin level is the last to decrease. Therefore, the evaluation of hemoglobin
levels without the simultaneous evaluation of these other factors does not confer reliable results.
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Studies comparing omnivorous and vegetarian women typically evaluate the age group of women
who menstruate mixed with the age group of those who do not menstruate [333, 653] or choose to
evaluate only those who menstruate; however, we identified three studies that included only the
comparison between women of childbearing age, and all reported a similar prevalence of anemia among
those with different eating habits [648, 654-656].
There is no difference in the prevalence of anemia between omnivores and
vegetarians.
Iron deficiency in premenopausal women is more strongly influenced by blood loss
than by dietary iron [612].

4.13. Recommended iron intake for vegetarians
The DRI for iron for vegetarians and nonvegetarians is based on population studies that suggest that
the average bioavailability of iron in the vegetarian diet is 5% to 12% versus 14% to 18% in the omnivorous
diet [606].
To absorb 1 to 2 mg of iron, considering maximum absorption through diets,
individuals who consume an omnivorous diet must ingest 5.5 to 11.1 mg of iron, and
those who consume a vegetarian diet must ingest 8.3 to 16.6 mg. The DRI includes an
exaggerated safety margin because if a woman needs to absorb 2 mg of iron, she
would have to ingest 16.6 mg of iron.
Based on the DRI, health professionals are recommended to prescribe twice as much iron to
vegetarians as they would prescribe to omnivores (Table 6.31). Due to the weak evidence for this
guideline, the IVU does not consider this DRI value as a reasonable value in view of the nutritional needs
correlated with the actual absorption of iron in vegetarians.
Table 6.31. Recommended iron intake for vegetarians and omnivores
Sex (age)
Omnivore
Vegetarian
Male (over 19 years)
Female (19 to 50 years)

8 mg
18 mg

16 mg
36 mg

4.14. Iron intake by vegetarian populations
As different individuals make different food choices, it is clear that there may be a change in the
quantification of iron in evaluated groups.
In most studies, individuals who adopt a vegetarian diet showed an iron intake equal to or greater
than that observed in omnivores [146, 295, 300, 333, 646, 648, 655, 657].
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Studies have shown a higher intake of vitamin C [146, 333, 646, 648] by vegetarian groups than by
omnivores. Serum vitamin C concentrations are also higher in vegetarians than in omnivores [51, 52].

4.15. Optimizing sources of dietary iron
Foods of plant origin have a considerable amount of iron, as shown in Table 6.32.
Table 6.32. Iron content in 100 g of food (Table SR28, USDA).
Food number
in Table SR28

Iron content in mg
(in 100 g of food)*

Food
CEREALS

20060
20077
20001
20078
20033
20063
20038
20035
20074
20647
20004
20076
20067
18061
18042
18060
42259
20014
20314
20062
20069
20012
20016
20008
20060
20077
20001
20078
20033
20063
20038

White rice, crude
Wheat bran, crude
Amaranth grain, uncooked
Wheat germ, crude
Oat bran, raw
Rye flour, dark
Oats
Quinoa, uncooked
Wheat, hard white
Millet flour
Barley, hulled
Wheat, durum
Sorghum grain
Bread, rye, toasted
Bread, pita, whole-wheat
Bread, rye
Snacks, popcorn, home-prepared, oilpopped, unsalted
Corn grain, yellow
Corn grain, white
Rye grain
Triticale
Bulgur, dry
Corn flour, whole-grain, yellow
Buckwheat
White rice, crude
Wheat bran, crude
Amaranth grain, uncooked
Wheat germ, crude
Oat bran, raw
Rye flour, dark
Oats

18.54
10.57
7.61
6.26
5.41
4.97
4.72
4.57
4.56
3.94
3.6
3.52
3.36
3.1
3.06
2.83
2.78
2.71
2.71
2.63
2.57
2.46
2.38
2.2
18.54
10.57
7.61
6.26
5.41
4.97
4.72

265
20035
20074
20647
20004

Quinoa, uncooked
Wheat, hard white
Millet flour
Barley, hulled

4.57
4.56
3.94
3.6

20076
20067

Wheat, durum
Sorghum grain

3.52
3.36

18061
18042
20031
18060
42259

Bread, rye, toasted
Bread, pita, whole-wheat
Millet, raw
Bread, rye
Snacks, popcorn, home-prepared, oilpopped, unsalted
Corn grain, yellow
Corn grain, white
LEGUMES
Peas, green, raw
Pigeonpeas, immature seeds, raw
Soybeans, green, raw

3.1
3.06
3.01
2.83
2.78

Winged beans, immature seeds, raw
Beans, adzuki, yokan, mature seeds
Beans, black, mature seeds, raw
Beans, French, mature seeds, raw
Beans, kidney, all types, mature
seeds, raw
Beans, pinto, mature seeds, raw
Beans, small white, mature seeds,
raw
Beans, yellow, mature seeds, raw
Beans, white, mature seeds, raw
Broadbeans (fava beans), mature
seeds, raw
Chickpeas (garbanzo beans, bengal
gram), mature seeds, raw
Lentils, raw
Lima beans, large, mature seeds, raw
Cassava, raw
Potatoes, flesh and skin, raw
Amaranth leaves, raw
Bamboo shoots, raw
Alfalfa seeds, sprouted, raw
Broccoli, raw

6.69
4.82
4.36
3.7
3.14

20014
20314
11304
11344
11450
11595
16004
16014
16022
16027
16042
16045
16047
16049
16052
16056
16069
16071
11134
11352
11003
11026
11001
11090

2.71
2.71
7.73
7.01
6.74

2.71
2.66
2.51
2.5
2.48
2.44
2.12
2.09
7.04
3.24
66.38
21.4
19.2
8.07

266
11098
11109
11112
11116
11135
11007
11011
11080
11104
12006
12014
12023
12036
12061
12078
12087
12104
12120
12131
12142
12151
12220
09244
09289
09322
09032
09265
09259
09094
09009

02001
02003
02005
02006
02010

Brussel sprouts, raw
Cabbage, raw
Cabbage, red, raw
Cabbage, Chinese (pak-choi), raw
Cauliflower, raw
Artichokes, (globe or French), raw
Asparagus, raw
Beets, raw
Burdock root, raw
SEEDS AND NUTS
Seeds, chia seeds, dried
Seeds, pumpkin and squash seed
kernels, dried
Seeds, sesame seeds, whole, dried
Seeds, sunflower seed kernels, dried
Nuts, almonds
Nuts, brazilnuts, dried, unblanched
Nuts, cashew nuts, raw
Nuts, coconut meat, raw
Nuts, hazelnuts or filberts
Nuts, macadamia nuts, raw
Nuts, pecans
Nuts, pistachio nuts, raw
Seeds, flaxseed
FRUITS
Peaches, dehydrated (low-moisture),
sulfured, uncooked
Prunes, dehydrated (low-moisture),
uncooked
Tamarinds, raw
Apricots, dried, sulfured, uncooked
Persimmons, native, raw
Pears, dried, sulfured, uncooked
Figs, dried, uncooked
Apples, dehydrated (low moisture),
sulfured, uncooked
SPICES
Spices, allspice, ground
Spices, basil, dried
Spices, Caraway seed
Spices, cardamom
Spices, cinnamon, ground

3.2
2.71
2.32
2.26
2.14
12.18
5.88
2.68
2.04
8.82
8.07
7.72
6.81
5.73
4.9
4.42
3.8
3.71
3.68
3.49
3.31
2.28
5.51
3.52
2.8
2.66
2.5
2.1
2.03
2

123.6
87.47
66.36
55
43
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02011
02012
02013
02014
02018
02020
02024
02026
02027
02028
02029
02030
02036
02037
02038
02042
02043
02065

Spices, cloves, ground
Spices, coriander leaf, dried
Spices, coriander seed
Spices, cumin seed
Spices, fennel seed
Spices, garlic powder
Spices, mustard seed, ground
Spices, onion powder
Spices, oregano, dried
Spices, paprika
Spices, parsley, dried
Spices, pepper, black
Spices, rosemary, dried
Spices, saffron
Spices, sage, ground
Spices, thyme, dried
Spices, turmeric, ground
Spearmint, fresh

42.46
37.88
36.96
36.8
31.95
28.12
19.8
19.1
18.54
17.45
17.3
16.33
11.87
11.83
11.1
10.4
9.83
3.17

Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

The foods (per 100 g) richest in vitamin C are listed in Table 6.33.
Table 6.33. Vitamin C content in 100 g of plant foods (Table SR28, USDA)
Food number
in Table SR28

Food

Vitamin C content in
mg (in 100 g of food)*

VEGETABLES
11233

Kale, raw

120

11739

Broccoli, leaves, raw

93.2

11740

Broccoli, flower clusters, raw

93.2

11741

Broccoli, stalks, raw

93.2

11090

Broccoli, raw

89.2

11965

Cauliflower, green, raw

88.1

11098

Brussel sprouts, raw

85

11270

Mustard greens, raw

70

11091

Broccoli, cooked, boiled, drained, without salt

11099
11156

Brussel sprouts, cooked, boiled, drained,
without salt
Chives, raw

11112

Cabbage, red, raw

11135

Cauliflower, raw

11116

Cabbage, Chinese (pak-choi), raw

11136

Cauliflower, cooked, boiled, drained, without
salt

64.9
62
58.1
57
48.2
45
44.3
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11591

Watercress, raw

43

11004

41.1

11234

Amaranth leaves, cooked, boiled, drained,
without salt
Kale, cooked, boiled, drained, without salt

11109

Cabbage, raw

36.6

11161

Collards, raw

35.3

11276

New Zealand spinach, raw

41

30

VEGETABLES
11951

Peppers, sweet, yellow, raw

11339
11823

Peppers, sweet, green, sauteed
Peppers, sweet, red, cooked, boiled, drained,
without salt

11921

Peppers, sweet, red, sauteed

162.8

11821

Peppers, sweet, red, raw
Tomatoes, sun-dried, packed in oil, drained

127.7
74.4

11886

Peppers, sweet, green, cooked, boiled, drained,
with salt
Tomato juice, canned, without salt added

11568

Turnip greens, raw

11953

Squash, zucchini, baby, raw

11086

Beet greens, raw

11956
11822

183.5
177
171

101.8

70.1
60
34.1
30

OILS
12175

Nuts, chestnuts, Japanese, dried

61.3

12094

Nuts, chestnuts, Chinese, dried

58.5

12098

Nuts, chestnuts, European, raw, peeled

40.2

12096

Nuts, chestnuts, Chinese, roasted

38.4

12093

Nuts, chestnuts, Chinese, raw

36

FRUITS
09139

Guavas, common, raw

09165

Litchis, dried

183

09083

Currants, European black, raw
Orange juice, frozen concentrate,
unsweetened, undiluted
Grapefruit juice, white, frozen concentrate,
unsweetened, undiluted

181

09214
09125

228.3

144.8
119.8

09445

Kiwifruit, gold, raw

105.4

09148

Kiwifruit, green, raw

92.7

09172

Longans, raw

09164

Litchis, raw

09205

Oranges, raw, with peel

71

09146

Jujube, raw

69

09265

Persimmons, native, raw

66

84
71.5
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09295

Pummel, raw

61

09226

Papayas, raw

60.9

09202

Oranges, raw, navels

59.1

09316

Strawberries, raw

58.8

09200

Oranges, raw, all commercial varieties

53.2

09150

Lemons, raw, without peel

53

09206

Orange juice, raw

50

09201

Oranges, raw, California, valencias

48.5

09266

Pineapple, raw, all varieties

47.8

09149

Kumquats, raw

43.9

09152

38.7

09113

Lemon juice, raw
Grapefruit, raw, pink and red, California and
Arizona

09128

Grapefruit juice, white, raw

38

09404

Grapefruit juice, pink, raw

38

09114

Grapefruit, raw, pink and red, Florida

37

09181

Melons, cantaloupe, raw

36.7

09176

Mangos, raw

36.4

09190

Mulberries, raw

36.4

09321

Sugar-apples, (sweetsop), raw

36.3

09060

Carambola (starfruit), raw

34.4

09116

Grapefruit, raw, white, all areas

33.3

09221

Tangerine juice, raw

31

09160

Lime juice, raw

30

38.1

SPICES
11615

Chives, freeze-dried

660

02012

Spices, coriander leaf, dried

566.7

11670

Peppers, hot chili, green, raw

242.5

02049

Thyme, fresh

160.1

11625

Parsley, freeze-dried

11819

Peppers, hot chili, red, raw

02029

Spices, parsley, dried

125

02037

Spices, saffron

80.8

149
143.7

Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

4.16. Meat consumption does not meet iron requirements
In omnivorous guidelines, in the pursuit of health optimization, meat consumption is increasingly
reduced.
Table 6.34. shows the iron content, in 100 g of different foods, that would be absorbed (considering
that the iron bioavailability of meat foods is 18%) and the required iron absorption for humans (1 to 2
mg/day) to maintain the levels of iron in the body in a situation of metabolic balance.
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Table 6.34. Iron content in meat foods and amount absorbed
Percent (%)
Iron content
Amount
absorbed in
Food
(in mg) in 100 absorbed
relation to
g of food*
(mg)
daily need
Raw fresh tuna
1.30
0.23
11.7 to 23.4
Raw hake
0.20
0.04
1.8 to 3.6
Raw whole sardine
1.30
0.23
11.7 to 23.4
Beef tenderloin, without fat, raw
1.70
0.31
15.3 to 30.6
Beef, topside, without fat, raw
1.90
0.34
17.1 to 34.2
Raw beef liver
5.60
1.01
50.4 to 100.8
Raw filet mignon
1.90
0.34
17.1 to 34.2
Raw beef burger
1.90
0.34
17.1 to 34.2
Raw skinless chicken breast
0.40
0.07
3.6 to 7.2
Raw skinless chicken drumstick
0.90
0.16
8.1 to 16.2
Raw pork ribs
0.90
0.16
8.1 to 16.2
Raw pork loin
0.50
0.09
4.5 to 9.0

Percentage (%) of
intake remaining
to meet daily
needs
76.6 to 88.3
96.4 to 98.2
76.6 to 88.3
69.4 to 84.7
65.8 to 82.9
0.0 to 49.6
65.8 to 82.9
65.8 to 82.9
92.8 to 96.4
83.8 to 91.9
83.8 to 91.9
91.0 to 95.5

*Source: Brazilian Table of Food Composition – Taco 4th edition [658]

As seen in the table, the consumption of meat, even in a very reasonable amount (100 g/day), does
not provide the iron needed to meet the body’s requirement.
Thus, it is important that health professionals always seek to adapt diets based on factors that
optimize and inhibit the absorption of nonheme iron, as this will always be essential to meet the daily
dietary needs of those who do or do not eat meat.
The importance of dietary iron in obtaining a satisfactory amount is the same for
omnivores and vegetarians.

4.17. Iron deficiency treated with supplements
Although we strongly emphasize foods and their combinations, supplements have the lowest impact
in maintaining an adequate iron metabolic state when blood loss occurs, depending on the magnitude,
given the explicit differences in ferritin levels in men and in women who menstruate. It is important that
health professionals be aware of these nonnutritional factors. Any bleeding, such as menstruation, blood
donation and diseases or conditions that cause blood loss (fibroids that increase bleeding, surgery,
hemorrhoids, worms, etc.), is a risk factor for iron deficiency, in addition to the metabolic expenditure of
this mineral during pregnancy and child growth [612, 618, 659-663]. In addition, a prolonged reduction in
gastric acidity with antacids and hypochlorhydria should be considered. In most of these cases, the use of
iron supplementation will be essential for correcting the deficiency. Laboratory evaluations are important
in such situations.
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Iron deficiency (in omnivores and vegetarians) should not be treated with diet
alone.
In practical terms, clinical and laboratory evaluations are the methods of choice to
assess iron nutritional status. Do not evaluate iron in vegetarians or omnivores using
nutritional calculations of intake alone.
Treatment with supplemental iron in cases of deficiency should be considered after ruling out
hemoglobinopathies, exacerbated inflammatory states and other metabolic conditions that alter
the distribution of iron in the body and confound the diagnosis. Medical evaluations are important.
The prescription of iron as a supplement for individuals with adequate iron in take is harmful
because it increases oxidative stress and can cause damage to the gastric and intestinal mucosa
[664, 665].
It is important to pay attention to the equivalence of the iron content of supplements used and how
much meat would have to be consumed to reach the same amount of iron.
To reach 60 mg of iron, the content present in many supplements used for months
for the treatment of deficiency (with or without anemia), a daily intake of 3.2 kg of
lean filet mignon or 1.1 kg of beef liver would be necessary, a clearly unviable
amount.

4.18. IVU’s opinion on iron in vegetarian diets
Given the above review, the IVU recommends the following for vegetarians:
1) Iron intake
— Vegetarians tend to intake more iron and vitamin C than do omnivores.
— Nonheme iron should always be accompanied by elements that optimize its absorption and
always be secluded from those that hinder it.
— Even in an omnivorous diet, most of the iron needed to meet the daily requirement comes
from plant foods.
— The DRIs for iron are overestimated.
2) Iron nutritional status
— Studies have not shown a higher prevalence of iron deficiency anemia in vegetarians than in
omnivores.
— Studies have shown higher ferritin levels in omnivores than in vegetarians, but it is not known
whether this is due to higher amounts of iron stores or higher levels of inflammation in the
omnivorous group.
— Blood loss is an important factor to consider in the nutritional status of vegetarians and
omnivores because it leads to a significant loss of iron.
— Vegetarian men and nonmenstruating women do not have a higher prevalence of iron
deficiency than omnivores.
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— Vegetarians who menstruate have a higher prevalence of iron deficiency than do omnivorous
women.
3) Diagnosis of iron deficiency
— Ferritin is the first parameter to decrease, and hemoglobin is the last parameter to decrease
in iron deficiency.
— Ferritin should always be evaluated in conjunction with elements linked to inflammation, such
as BMI, insulin resistance, liver enzymes and inflammatory markers, especially hsCRP. Without
this joint assessment, it is not possible to determine whether the ferritin concentration
obtained is real because it is a positive acute-phase protein, i.e., it increases when there is an
increase in body inflammation.
— Ferritin, in the absence of inflammation, should remain between 50 and 100 μg/L. We suggest
a target value of 75 μg/L.
— Serum iron is not an adequate indicator for assessing iron because its level fluctuates and only
decreases in late deficiency stages.
4) Iron deficiency and supplementation
— Vegetarian diets should not be associated with a need for iron supplementation.
— Supplementation should only be recommended after finding a deficiency through laboratory
tests.
— The optimal therapeutic target for ferritin (for omnivores and vegetarians without increased
inflammation) is 75 μg/L.
— The use of iron supplementation should be prolonged (months), preferably with a full stomach
to increase gastric tolerance. Hemoglobin concentrations increase rapidly with iron
supplementation, but ferritin concentrations increase quite slow, requiring several months
and sometimes more than a year when there is concomitant blood loss (such as
menstruation).
— In general, supplements containing 30 to 60 mg of elemental iron are well tolerated.
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5. ZINC
Because meat is a common and concentrated source of zinc for the omnivorous population and has
good zinc bioavailability, its removal from the diet may lead to questions regarding nutritional adequacy.
Similar to iron, as meat portions are limited to maintain the health of those who consume it, zinc intake
cannot be ensured by meat consumption only, making it necessary to acquire a significant amount of zinc
through plant foods.
This chapter delves deeper into the scientific knowledge on the subject.

5.1. Chapter overview
—
—
—

—

—
—
—
—

—

—

At least 17.3% of the world population is at risk of inadequate zinc intake.
A systematic review and meta-analysis showed higher zinc intake by omnivorous
and ovo-lacto-vegetarians than by vegans.
This review did not evaluate whether the amount of meat-based foods in the
omnivorous diet was excessive; thus, increasing zinc intake with this nutritional
approach does not justify the risk resulting from dietary inadequacy.
The review also did not evaluate whether the compared vegetarian diets were
planned to optimize zinc sources (or if the individuals simply ate what was typical
and convenient for them) or whether the participants were instructed to use
methods to reduce the phytate content in foods.
The early manifestations of zinc deficiency are not specific, which hinders the
recognition of signs and symptoms of deficiency.
There are no reports in the literature of clinical nutritional deficiency or of
subclinical manifestations of zinc deficiency in adult populations.
How the zinc nutritional status in a well-planned vegan diet compares to that in
a well-planned omnivorous diet is still unknown.
Phytic acid is the main factor that needs to be considered in zinc absorption and
reducing its content in foods using home methods is recommended, as described
in more detail throughout this chapter.
There is no consensus regarding the nutritional recommendations for zinc intake,
and for vegetarians, the recommendations are based on the lowest
bioavailability scenario, which can change using cooking methods that reduce
phytate.
Routine zinc supplementation without a prior nutritional assessment is not
justified.
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—

—

Serum zinc levels should be evaluated together with the inflammatory state and
iron deficiency, as both reduce serum zinc levels by compartmental displacement
and do not indicate a deficiency.
The IVU recommends that the best dietary sources of zinc (as presented in this
chapter) be chosen when planning a diet and that zinc bioavailability be
optimized.

5.2. Functions of zinc
Zinc is a mineral involved in several biological functions, such as enzyme activation, cell membrane
stabilization and gene expression regulation. Zinc deficiency results in several signs and worsening of body
functions, such as growth retardation and worsened cognitive function. Genomic analyses also suggest a
link between zinc and chronic diseases [666].
The immune action of zinc is described as follows: it plays a role in the intracellular regulation of
innate and adaptive immune responses and is a necessary cofactor for enzymes with antioxidant activity
[667]. It also plays a role in antiviral immune responses [668].
From an endocrinological point of view, zinc increases the synthesis of growth hormone and its
receptors. It is found in large quantities in the pancreas and plays a role in insulin regulation. In thyroid
metabolism, zinc plays a role in hormone synthesis, receptor activity, the conversion of T4 into T3 and the
production of carrier proteins. It also plays a role in the synthesis of melatonin, which in turn regulates
zinc absorption in the gastrointestinal tract. The conversion of testosterone into dihydrotestosterone
depends on the enzyme 5-alpha-reductase, which, in turn, depends on zinc [669].
Severe zinc deficiency is rare, but mild deficiency states may be prevalent and difficult to diagnose
because there are no evident signs and symptoms. An analysis performed by the FAO and the UN
estimated that at least 17.3% of the world population is at risk of inadequate zinc intake. The countries
most at risk are those in sub-Saharan Africa and South Asia [670].

5.3. Kinetics and body distribution
The kinetics of zinc in the body are complex. There is no body store of zinc, and its level in serum
constitutes a highly mobile reservoir. Zinc, in the processes of entry into and exit from tissues, as well as
absorption, passes through the plasma compartment, generating a total zinc flux approximately 130
times/day [671].
Close to 60% of zinc in the body is contained in skeletal muscle, 30% is contained in bones, and only
1% is contained in plasma. High concentrations of zinc are found in the choroid (vascular layer of the
eyeball wall) and in prostatic fluid [672].
In the blood, zinc is transported by albumin and transferrin. Excretion occurs predominantly in feces.

276

5.4. Absorption
The influence of dietary components on zinc bioavailability was first reported in the Middle East in
1960. Only in the 1980s were studies conducted with radioactive isotopes in humans to quantify zinc
absorption in different diets. In the 1990s, with an accumulation of knowledge, better estimates of the
bioavailability of dietary zinc were reported [673].
Zinc absorption can be stimulated or inhibited by different factors [674, 675], as shown in Table 6.35.
Table 6.35. Dietary factors that stimulate or inhibit zinc absorption
Factors that stimulate Zinc absorption
Factors that inhibit zinc absorption
Dietary sulfur amino acids
Phytic acid
(cysteine and methionine)
Vitamin C
Casein
Organic acids
(citric acid, lactic acid, malic acid, and
tartaric acid)

Iron and zinc supplementation

Folate supplementation
(conflicting data)
Maillard reaction
Alcohol consumption

The absorption of zinc from legume-based diets is similar to the that from animalbased diets, despite a higher phytate content [676].
The factors that affect zinc bioavailability are further discussed next.

Phytate
Phytic acid, phytate or myo-inositol hexaphosphate is myo-inositol with six phosphorus atoms. Its
acronym is IP6, to represent inositol with six phosphorus atoms.
Phytate is the main form for phosphorus storage for seeds such as cereals, legumes and nuts;
phosphorus is used in the germination process. Approximately 80% of the phosphorus content in seeds is
stored in phytate [677]. IP6 is the most stable and abundant form of phosphate in nature. In cereals and
legumes, approximately 0.4% to 6.4% of the components is phytic acid.
The chemical structure of phytic acid imparts high antioxidant activity, and phytic acid is used by
industry in the conservation and preservation of juices and other foods, including meat products [678].
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The chelation potential of phytic acid is high; thus, phytic acid can be used to chelate elements
potentially toxic to humans [679]. Phytic acid has an affinity for the chelation of divalent metals [677]. In
order of chelation power, the sequence is as follows: Cu+2 > Zn+2 > Ni+2 > Mn+2 > Fe+3 > Ca+2 [678].
Zinc absorption is reduced when it is in the hexaphosphate (six phosphorus atoms) and
pentaphosphate (five phosphorus atoms) forms because poorly soluble complexes are formed with zinc
in the digestive tract. Cooking processes, such as soaking food in water (which dissolves phytate and
stimulates germination) and fermenting flour, can be used to reduce the phosphorus content, so as to
optimize zinc absorption [671]. Such cooking methods are described below.
Phytate accounts for more than 80% of the amount of zinc absorbed [680, 681].
It is not only plants that contain phytate. The cells of all mammals also contain high amounts of myoinositol hexaphosphate (as well as inositol and inositol phosphate), which play important roles in the
regulation of cellular functions, such as signal transduction, cell proliferation and differentiation, RNA export,
mRNA transcription, DNA repair, energy transduction and ATP generation, and the deregulation of phytate
metabolism is recognized in several clinical conditions, such as neurological disorders, polycystic ovary
syndrome, metabolic diseases and cancer [679]. Inositol is considered a member of the vitamin B complex
family, conjugates with lipids and is found mainly in cell membranes as phosphatidylinositol. Extracellular
stimulation activates phospholipase C and hydrolyzes phosphatidylinositol, and within the cell, IP3 serves as a
precursor of other phosphates, such as IP4, IP5 and IP6 [678].
The enzyme phytase hydrolyzes phytate. The human digestive tract does not produce phytase;
therefore, fermentation and germination processes should be employed because they optimize microbial
and grain phytases. Cooking by extrusion inactivates the phytase contained in food and does not allow a
reduction in phosphorus content by immersion in water; that is, after food has undergone the extrusion
process, it can no longer germinate.
To reduce the phytic acid content in foods, beans and whole grains should be soaked in water (room
temperature) for 15 to 20 hours before cooking. Because much of the phytate is soluble, the water in
which grains are soaked should be discarded. In addition to reducing the phytate content, soaking grains
stimulates germination, which reduces the phytate content, especially in legumes [568-570, 677]. Using
this method, most phytate is removed by its dissolution in water, but zinc elimination can also occur when
water is discarded.
Germinating grains is another option to reduce phytate. Technically, temperatures between 40 °C and 50
°C are ideal for phytase stimulation, with a pH of 5.0 for cereals and 7 to 7.5 for peas and varying between
legumes [682, 683]. Studies indicate a reduction of 35% to 100% of the phytate content by enzymatic
hydrolysis, especially in legumes. In the germination of cereals, the process is longer, as it takes six to 10 days
to significantly increase phytase activity; other studies have shown that there is a significant increase in
phytase in lentil, mung bean, corn, millet and sorghum after three days of germination [568-570, 677, 683].
Soaking ground grains in water or using grains in the form of flour are more effective than the immersion
of whole grains for removing phytate. For example, intact yellow mung bean grains (Phaseolus radiatus) soaked

278

for six hours at 30 °C showed no reduction in phytate content, but when ground, soaking in water for the same
number of hours and at the same temperature resulted in a 47% reduction in the phytate content.
Cooking is not a good reduction method because phytate is stable at high temperatures. However,
prior to cooking, when the water is discarded, more phytate is eliminated [677].
Natural fermentation of bread, through the use of biological, not chemical, yeast, reduces the phytic
acid content in food. Some lactobacillus strains, such as Lactobacillus amylovorus and Lactobacillus
plantarum, and lactic acid-producing bacteria are able to produce a significant amount of phytase and
reduce phytic acid during grain fermentation. Phytases can optimize iron absorption from 0.6–23% to
5.5–42%. Microbial phytase has excellent activation at pH 3.5 to 6.0 and at temperatures of 35 °C to 80
°C [568-570, 677]. In studies with cassava fermentation in which the pH was changed from 6.8 to 3.9 via
lactic acid generation, the phytate content decreased by 90.2%, increasing zinc absorption [684].
The ingestion of phytate was estimated to be 150 to 1,400 mg per day in mixed diets and 2,000 to
2600 mg in vegetarian diets consumed by individuals in developing countries and rural areas [677]. Table
6.36 provides the phytate content in different foods [673, 677].
Table 6.36. Phytate content in different foods
Phytate content (mg/100 g)

Food
Cereals
Whole-wheat bread
Unleavened wheat bread (chapati type)
Whole rye bread
Bread, 70% wheat + 30% rye
Bread, 70% rye + 30% wheat
Corn
Corn bread
Unleavened corn bread
Cooked polished rice
Cooked wild rice
Cornflakes
Pasta
Oat bran
Oat flakes
Oat porridge
French bread
Wild rice
Nuts
Boiled peanut
Peanut flour

320–730
1,060–320
190–430
40–110
0–40
980–2,130
430–820
1,220–1,920
120–370
1,270–2,160
40–150
70–910
210–730
840–1,210
690–1,020
20–40
127–2,160
505
1,297
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Legumes
Pigeon pea, dry
Kidney bean
Cow pea
Lima bean
Boiled vegetables
Pumpkin leaf
Chinese cabbage
Okra leaf
Cassava leaf
Roots
Sweet potato
Yam (Dioscorea sp. L)
Cassava

727
557
349
238
34
5
97
42
10
50
54

Table 6.37. provides the changes in zinc bioaccessibility in cereals and legumes after different food
processing methods and the addition of exogenous elements.
As seen in the chapter on iron, bioaccessibility is an in vitro estimate of the accessibility of nutrients
in a food matrix determined by simulating digestion and assimilation by the intestinal epithelium. Table
6.37 lists different cooking methods and factors that affect zinc bioaccessibility.
Table 6.37. Cooking methods and factors that affect
zinc bioaccessibility (adapted from reference [594]).
Process
Zinc bioaccessibility
Food processing method
Pressure cooking
Decreases
Microwaving
Decreases
Germination
Decreases
Fermentation
Increases
Malting*
Increases
Exogenous factors
Amchur**
Increases
Citric acid
Increases
Soy protein isolate
Increases
*Malting is a process involving the maceration, germination and drying of grains
for conversion into malt. **Amchur is green mango powder, used as seasoning,
which is common in India.
The use of garlic and onion, due to the presence of sulfur compounds, increases the bioaccessibility
of zinc, iron, copper and, to a lesser extent, manganese [685].

280

Although from a nutritional standpoint, reducing phytate levels to optimize zinc absorption is indicated,
phytate has numerous health benefits, as detailed below.
Beneficial actions of phytic acid
Phytic acid is a natural antioxidant and shows, both in vitro and in vivo, protective action against
various diseases [678].
Phytic acid inhibits platelet aggregation, reduces circulating lipids, protects against irritable bowel
syndrome, neurodegenerative and cardiovascular diseases, prevents kidney stone formation and
inhibits cancer development [678].
The first hypothesis regarding the beneficial effects of phytate arose from its antioxidant activity,
but it is believed that other little understood mechanisms are also involved in its action.
In cancer, IP6 plays a role in the prevention and inhibition of tumor development due to its ability
to modulate the differentiation, proliferation and apoptosis of neoplastic cells. This effect seems to
be mediated by the inhibitory action of the Fenton reaction (which induces the formation of free
radicals using iron). IP6 also reduces tumor necrosis factor expression, halts cell multiplication at the
G0/G1 phase, activates caspase-3 and p53 and inhibits the activation of MAPKs. In addition, the
results from some studies indicate that IP6 enhances the action of chemotherapeutic agents and
reduces their side effects in breast and colon cancer, in addition to helping control metastasis (using
IP6 or only inositol). The daily intake of 1 to 2 g of IP6 has a prophylactic effect on cancer
development, and the intake of 8 to 12 g/day can be used in antitumor therapy [679, 686].
IP6 also acts on other metabolic fronts. It inhibits lipid peroxidation in the colon and plays a role in
glutathione peroxidase and catalase activity. It also plays a role in immune function: it increases the
action of natural killer cells, regulates the action of neutrophils and reduces the expression of
proinflammatory cytokines and interleukins. In patients with Parkinson’s disease, IP6 reduces
neuronal apoptosis [678].

Calcium
Calcium has no direct inhibitory effect on zinc absorption, but studies have indicated that it can
potentiate the inhibitory effect of phytic acid [674]. Due to the potential effect of calcium on phytate, in
1996, the WHO proposed the (calcium) (phytate):zinc ratio as a more useful ratio than the phytate:zinc
ratio [687]. However, the studies that emerged after this period generated conflicting results, indicating
that high calcium intake only negatively affected zinc in diets with phytate and a low zinc content. Studies
in humans have not confirmed the effect of dietary calcium on the phytate × calcium ratio in zinc
absorption [671, 673].

Vitamin C
Vitamin C may reduce the effects of phytic acid [674].
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Maillard reaction
The Maillard reaction is a chemical reaction between an amino acid (or protein) and a carbohydrate.
The classic example of this reaction is the browning of foods after roasting. The Maillard reaction reduces
the bioavailability of zinc [673].

Fiber
In the past, fiber consumption was associated with lower zinc absorption. However, with the advent
of studies with radioactive isotopes, it became clear that zinc absorption decreased as a result of phytate
present in foods, not by the fiber contained in foods [673].

Dietary protein content
Early studies indicated an increase in zinc absorption by individuals who consumed diets containing
more protein, but this was because these diets also had a higher zinc content. Currently, we understand
that protein intake does not affect zinc absorption [673].

Alcohol
Alcohol has a negative effect on zinc, reducing its absorption and increasing its urinary excretion [2].

Diuretics
Thiazide diuretics increase urinary zinc excretion by up to 60%, which may cause long-term deficiency [2].

Zinc supplementation
A high zinc dose (>50 mg/day) may affect the absorption of iron and copper [2].

Freezing
A Brazilian study evaluated the zinc content in meats frozen for four weeks and observed a 40% to
70% loss in zinc content in this period [688].

5.5. Recommended intake
Defining recommendations for oral zinc intake is challenging; there is no consensus on the
recommended values.
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Recommendations have been established by the WHO, the U.S. Institute of Medicine, the
International Zinc Nutrition Consultative Group and the European Food Safety Agency. All of these groups
used the estimated zinc absorption needed to offset losses and an additional amount to meet the amount
needed for growth, development and lactation. Although some common data are used, there are
differences in measurements, such as body weight, studies selected by different groups, estimated fecal
loss, and zinc bioavailability attributed to different diets, with different final results among the groups
that studied zinc requirements [689].
In 1996, the WHO identified three zinc bioavailability levels based on the molar ratio of phytic acid:zinc
[687]. When the ratio is less than 5, the bioavailability of zinc in a diet is considered high (50–55%); when
the ratio is between 5 and 15, the bioavailability is considered moderate (30–35%); and when above 15,
the bioavailability is low (15%).
In 2004, the International Zinc Nutrition Consultative Group classified diets into two types based on
the phytate:zinc molar ratio: mixed or refined vegetarian diets are characterized by a phytate:zinc ratio
of 4–18, and unrefined, cereal-based diets are characterized by a phytate:zinc ratio greater than 18 [690].
These four guidelines provide the RDA for zinc (Table 6.38) [689].
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Table 6.38. Zinc requirement guidelines based on different entities
World
Health Organization

Group
Adult women

Adult men

Institute of
Medicine

International
European Food
Zinc Consultative
Safety Agency
Group
8 mg in a mixed
7.5 mg
diet and 9 mg in
a whole-foods
diet

3 mg (in a high
8 mg
bioavailability diet*),
4.9mg (in a moderate
bioavailability diet**),
9.8 mg (in a low
bioavailability diet***)
4.2mg (in a high
11 mg
13 mg in a mixed
bioavailability diet*),
diet and 19 mg in
7.0mg (in a moderate
a whole-foods
bioavailability diet**),
diet
14.0 mg (in a low
bioavailability diet***)
*High zinc bioavailability: 50%; **Moderate zinc bioavailability: 30%
***Low zinc bioavailability: 15%.

9.4 mg

Vegetarian diets (including the vegan) are usually classified as having moderate zinc absorption when
they consist of whole grains subjected to phytate reduction methods. This corresponds to diets with
moderate zinc bioavailability, i.e., 30–35%. However, the U.S. Institute of Medicine established intake
recommendations for vegetarians based on diets with low zinc bioavailability (15% absorption), thus
underestimating zinc absorption in these diets [674].
Thus, the DRI for zinc vegetarians is 50% beyond that prescribed for omnivores.
Table 6.39. Recommended zinc intake for omnivores and vegetarians
Sex (age)
Omnivores
Vegetarians
Male (over 14 years old)
11 mg
16.5 mg
Female (over 19 years old)
8 mg
12 mg

5.6. Determination of the zinc nutritional status
The early manifestations of zinc deficiency are not specific.
As the serum level of zinc is used to meet tissue demands, a decrease in serum zinc is one of the early
indications of increased zinc demand by tissues [671].
Serum zinc levels decrease during inflammation and iron deficiency. Iron deficiency affects the last
stage of heme synthesis, leading to the accumulation of protoporphyrin IX and the incorporation of zinc
in place of iron in the protoporphyrin ring. The increase in zinc protoporphyrin in red cells can be used as
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a measure of iron deficiency [633]. Thus, the evaluation of erythrocyte zinc is another option for analysis,
but previous nutritional evaluations of iron must always be taken into account.
Clinical symptoms of zinc deficiency are evident only when the plasma zinc concentration is
substantially low, but the effect of zinc deficiency on cellular functions occurs before a decrease in serum
levels. As the body can maintain plasma zinc at a normal concentration even in the presence of dietary
restriction of the mineral, serum evaluations have limitations in the early diagnosis of this deficiency.
However, in terms of population assessments, serum zinc levels are useful for identifying subgroups at
risk of deficiency, especially when combined with dietary assessments and functional indices [671].
A meta-analysis published in 2012 indicated that for every doubling in zinc intake, the serum level
increases by 6% [691].

5.7. Adaptations to low zinc intake
From the perspective of health optimization, consuming whole foods is usually the best option.
However, from the perspective of optimizing zinc absorption, it is necessary to reduce the amount of
phosphorus from phytic acid in this dietary profile using the methods described in this chapter.
This is not the only nutritional or dietary reasoning possibility, especially when adopting mathematical
knowledge because when a smaller fraction of a nutrient is absorbed, when consuming a higher absolute
content, the final absorption may be similar to that for a diet with a lower content of the nutrient and
greater absorption. In fact, this is advocated by some researchers, who emphasize that the higher amount
of phytate in whole foods compensates for the lower absorption due to greater zinc intake [674].
Diets with a higher zinc content ensure a lower absorbed fraction, while diets with a lower zinc
content result in higher absorption; the body compensates to maintain homeostasis. However, chronic
low zinc intake, although it increases absorptive capacity, leaves the body in a negative balance and leads
to deficiency [671].
From the perspective of zinc balance, adjustments within the body related to a reduction in intestinal
excretion have greater potential to maintain endogenous zinc when intake is insufficient. When zinc
intake is low, the reduction in fecal zinc reflects not only lower intake but also lower zinc secretion in the
enterohepatic cycle and higher absorption in the distal intestine [671].
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5.8. Population studies in vegetarians
Studies comparing the nutritional status of zinc in healthy populations were evaluated in a metaanalysis and systematic review published in 2013 that totaled 34 studies, 26 of which measured the
nutritional status of zinc in vegetarian men and women compared to omnivores [666].
With regard to zinc intake by the overall sample, the meta-analysis evaluated 18 studies, performing
35 comparisons, and found lower zinc intake by vegetarian groups than by nonvegetarians. However, in
a secondary analysis of the data, there was no difference in zinc intake by ovo-lacto-vegetarians
compared with nonvegetarians. In comparison with the control group (omnivores), vegans (eight studies
and 10 comparisons) and, in relation to individuals who ate little meat (three studies and four
comparisons), lacto-vegetarians (two studies and two comparisons) and vegetarians without defining the
type (three studies and three comparisons) had the lowest zinc intake. In this same analysis, when
evaluating by country, the largest difference in intake was found in developing countries [666].
This meta-analysis also evaluated the serum zinc levels reported in 13 studies, completing 23
comparisons, and found a lower level in vegetarians than in omnivores, with the level in strict vegetarians
(four studies with six comparisons) being the lowest, especially in developing countries.
Zinc intake and serum levels are usually lower in vegetarians than in omnivores,
both in men and women, especially in developing countries.
Zinc intake and serum levels in ovo-lacto-vegetarians do not differ from those
found in omnivores.
It is important to question whether we should be evaluating who has higher or lower zinc intake or if
the intake is adequate to meet metabolic needs.
The meta-analysis did not describe the food sources of zinc used because if meat products were used
in high amounts, the health risks do not justify the higher dietary intake in this form. Similarly, whether
the vegetarians received prior nutritional guidance or were advised to use zinc bioavailability optimization
methods was not reported.
There is still a question remaining in the literature: Are zinc levels adequate in planned and guided
vegan diets and omnivorous diets?
Despite the difference found between strict vegetarians and omnivores, there is no clinical or any
other manifestation that indicates that long-tern strict vegetarians have metabolic alterations due to
lower zinc intake and serum levels.
For safety reasons, the IVU advises choosing zinc-rich foods and using the
preparation methods described to reduce the phytate content in foods.
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5.9. Zinc content in foods
The most zinc-rich foods are listed in Table 6.40, which shows zinc content based on food groups.
Table 6.40. Zinc content in foods (Table SR28, USDA)
Food number
in Table SR28
20078
20077
20060
20088
20063
20076
20038
20075
20069
20074
20132
20011
20033
20035
20001
20004
20070
20062
42259
20647
20080
20090
20008
16067
16060
16119
16419
16001
16428
16108

Food
CEREALS
Wheat germ, crude
Wheat bran, crude
White rice, crude
Wild rice, raw
Rye flour, dark
Wheat, durum
Oats
Wheat, soft white
Triticale
Wheat, hard white
Oat flour, partially debranned
Buckwheat flour, whole-groat
Oat bran, raw
Quinoa, uncooked
Amaranth grain, uncooked
Barley, hulled
Triticale flour, whole-grain
Rye grain
Snacks, popcorn, home-prepared,
oil-popped, unsalted
Millet flour
Wheat flour, whole-grain
Rice flour, brown
Buckwheat
LEGUMES
Hyacinth beans, mature seeds, raw
Cowpeas, catjang, mature seeds,
raw
Soy meal, defatted, raw
Soy meal, defatted, raw, crude
protein basis (N x 6.25)
Beans, adzuki, mature seeds, raw
Tofu, dried-frozen (koyadofu),
prepared with calcium sulfate
Soybeans, mature seeds, raw

Zinc content in mg
(in 100 g of food)*
12.29
7.27
6.04
5.96
5.04
4.16
3.97
3.46
3.45
3.33
3.2
3.12
3.11
3.1
2.87
2.77
2.66
2.65
2.64
2.63
2.6
2.45
2.4
9.3
6.11
5.06
5.06
5.04
4.9
4.89
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16111
16076
16135
16121
16421

16118
16122
16115
16049
16014
16037
16019
16144
16085
16133
16083
16069
16052
16110
16113
16047
16071
16045
16157
16027
16032
16056
16101
16080

Soybeans, mature seeds, dry
roasted
Lupins, mature seeds, raw
Winged beans, mature seeds, raw
Soy protein concentrate, produced
by alcohol extraction
Soy protein concentrate, crude
protein basis (N x 6.25), produced
by acid wash
Soy flour, low-fat
Soy protein isolate
Soy flour, full-fat, raw
Beans, white, mature seeds, raw
Beans, black, mature seeds, raw
Beans, navy, mature seeds, raw
Beans, cranberry (roman), mature
seeds, raw
Lentils, pink or red, raw
Peas, green, split, mature seeds,
raw
Yardlong beans, mature seeds, raw
Mungo beans, mature seeds, raw
Lentils, raw
Broadbeans (fava beans), mature
seeds, raw
Soybeans, mature seeds, roasted,
salted
Nattō
Beans, yellow, mature seeds, raw
Lima beans, large, mature seeds,
raw
Beans, small white, mature seeds,
raw
Chickpea flour (Besan)
Beans, kidney, all types, mature
seeds, raw
Beans, kidney, red, mature seeds,
raw
Chickpeas (garbanzo beans, bengal
gram), mature seeds, raw
Pigeon peas (red gram), mature
seeds, raw
Mung beans, mature seeds, raw

4.77
4.75
4.48
4.4
4.4

4.1
4.03
3.92
3.67
3.65
3.65
3.63
3.6
3.55
3.5
3.35
3.27
3.14
3.14
3.03
2.83
2.83
2.81
2.81
2.79
2.79
2.76
2.76
2.68
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16035
16112
16117
16024

Beans, kidney, royal red, mature
seeds, raw
Miso
Soy flour, defatted
Beans, great northern, mature
seeds, raw
Beans, pinto, mature seeds, raw

16042
SEEDS AND NUTS
12170
Seeds, sesame flour, high fat
12171
Seeds, sesame butter, tahini, from
unroasted kernels (non-chemically
removed seed coat)
12163
Seeds, pumpkin and squash seeds,
whole, roasted, without salt
12174
Seeds, watermelon seed kernels,
dried
12029
Seeds, sesame seed kernels,
toasted, without salt added
(decorticated)
12014
Seeds, pumpkin and squash seed
kernels, dried
12023
Seeds, sesame seeds, whole, dried
12016
Seeds, pumpkin and squash seed
kernels, roasted, without salt
12169
Seeds, sesame butter, paste
12024
Seeds, sesame seeds, whole,
roasted and toasted
12147
Nuts, pine nuts, dried
12087
Nuts, cashew nuts, raw
12085
Nuts, cashew nuts, dry roasted,
without salt added
12039
Seeds, sunflower seed kernels,
toasted, without salt
12088
Nuts, cashew butter, plain, without
salt added
12143
Nuts, pecans, dry roasted, without
salt added
12036
Seeds, sunflower seed kernels, dried
12006
Seeds, chia seeds, dried
12142
Nuts, pecans
12220
Seeds, flaxseed
12078
Nuts, brazilnuts, dried, unblanched
12154
Nuts, walnuts, black, dried

2.66
2.56
2.46
2.31
2.28
10.67
10.45

10.3
10.24
10.23

7.81
7.75
7.64
7.29
7.16
6.45
5.78
5.6
5.3
5.16
5.07
5
4.58
4.53
4.34
4.06
3.37
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12063
16087
12061
16397

02008
02033
02006
02003
02007
02042
02024
02005
02029
02016
02014
02012
02013
02015
02038
02043
02028
02009
02026

Nuts, almonds, dry roasted, without
salt added
Peanuts, all types, raw
Nuts, almonds
Peanut butter, chunk style, without
salt
SPICES
Spices, chervil, dried
Spices, poppy seed
Spices, cardamom
Spices, basil, dried
Spices, celery seed
Spices, thyme, dried
Spices, mustard seed, ground
Spices, Caraway seed
Spices, parsley, dried
Spices, dill seed
Spices, cumin seed
Spices, coriander leaf, dried
Spices, coriander seed
Spices, curry powder
Spices, sage, ground
Spices, turmeric, ground
Spices, paprika
Spices, chili powder
Spices, onion powder
Source: U.S. Department of Agriculture – Nutrient Database, 2019 [276]

3.31
3.27
3.12
2.79

8.8
7.9
7.47
7.1
6.93
6.18
6.08
5.5
5.44
5.2
4.8
4.72
4.7
4.7
4.7
4.5
4.33
4.3
4.05

290

5.10. IVU’s opinion on zinc in vegetarian diets
Given the above review, the IVU recommends the following for vegetarians:
— Although there are no reports in the literature of zinc deficiency in vegetarian populations, as its
identification at an early stage is difficult to diagnose, the IVU recommends paying attention to
the consumption of zinc and phytate in the diet.
— The IVU recommends choosing the most concentrated zinc sources within each food group.
— Phytic acid is the main factor that needs to be considered in zinc absorption, and its reduction is
recommended.
— The use of elements that enhance zinc biodigestibility, such as soaking cereals and legumes in
water for at least 15 hours, inducing germination whenever possible and desired, fermenting
bread naturally, and using associated elements, such as amchur (in countries where its use is part
of the culture) and citrus foods, should be optimized.
— Zinc supplementation is not routinely justified without prior nutritional assessments.
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6. IODINE
6.1. Chapter overview
— The iodine content in foods depends on the iodine content available in the soil in
different regions of the planet.
— The fortification of salt with iodine is a policy recommended by the WHO since
1952, but it only gained strength in the 1990s.
— Iodine deficiency is still a global public health problem.
— No diet, whether omnivorous or vegetarian, is able to safely meet iodine
requirements without fortification.
— The recommended iodine intake is 150 μg/day for adults (outside of pregnancy
or lactation).
— Iodine deficiency leads to hypothyroidism, with disastrous consequences on child
growth and development.
— Excess iodine can lead to transient hypothyroidism and hyperthyroidism.
— Thyroid hormone production is triggered by increased thyroid-stimulating
hormone (TSH) levels and involves the presence of iodine, tyrosine, zinc, iron, and
selenium.
— In iodine deficiency, TSH is increased, T4 is reduced, thyroglobulin is increased,
and urinary iodine is reduced. T3 may be normal or low.
— In in vitro and animal studies, several substances affected the mechanism
involved in thyroid hormone formation; however, in vivo, in humans, studies
show safety with the use of plant products (such as soybean and crucifers) and,
in the absence of iodine or iron deficiency, hormone formation is not
compromised.
— Currently, iodized salt is the safest source of iodine.
— Seaweed contains high amounts of iodine and can lead to excess intake.
— Animal products, such as meat, eggs, milk, and cheese are not natural sources
rich in iodine; iodine content is due to the iodine supplementation of animals.
— In view of the iodine supplementation of animals, it is expected that vegetarians,
especially vegans, who do not use iodized salt nor supplementation will have a
lower iodine level, as shown in a meta-analysis of 15 studies.
— Iodine sources should be evaluated, and laboratory tests should be used in those
evaluations, if necessary.
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The iodine content in food depends on how much iodine is in the soil and water, which influences the
content found in plants and animals [692].
Thus, unlike other nutrients, whose nutritional status is affected by the economic development of the
population, iodine is related to geographical conditions and results from differences that occur during
geological formation, such as the impact of glaciation, flooding and soil erosion [692].
In the oceans, through the action of algae, iodide is converted into iodine, which, in volatile form, is
taken up by the atmosphere and deposited in the soil via rain and snow. As this cycle is slow, iodine
replacement in soil and water is not very effective. Thus, foods planted in soils poor in iodine provide little
or no iodine to humans. Under these conditions, iodine should be supplied through fortified foods,
especially salt [692].

6.2. History of iodine and salt fortification
Marine algae were used in ancient Greece by Claudius Galenus to cure "swollen neck." In 1811,
Bernard Courtois discovered iodine by adding sulfuric acid to seaweed ash, producing an intense violet
vapor that crystallized on cold surfaces. Subsequently, Gay-Lussac identified the substance as a new
chemical element and called it iodine, which means “violet” in Greek. In 1851, Adolphe Chatain was the
first to publish the hypothesis that iodine deficiency causes goiter and proposed the distribution of iodized
salt in regions with a higher prevalence of goiter in France. In 1918, Swiss physician Otto Bayard conducted
the first dose-response study for the treatment of goiter and demonstrated that a low dose of iodine,
e.g., 30 μg, had beneficial effects in the treatment of goiter. In 1922, the surgeon Hans Eggenberger
introduced iodized salt to prevent goiter and cretinism in northeastern Switzerland [692].
In 1952, the WHO recommended the iodization of all salts for dietary use in iodine-deficient areas
after estimating the prevalence of deficiency at 20% to 60% of the world population [692]. In Brazil, salt
has been mandatorily fortified with iodine since 1953.
Despite the recommendation made in the 1950s, only between 1970 and 1990, with evidence
generated by controlled trials of the negative impact of iodine deficiency, did the fortification policy begin
to gain strength. One of the points evaluated was that iodine supplementation improved cognitive
function in humans, generating benefits in terms of economic development [693]. Another factor that
drew attention was that iodine supplementation of farmed animals improved the viability and quality of
livestock [692].
In 1990, several countries (United States, Australia, Canada, some Scandinavian countries, the
Netherlands and Switzerland) were considered iodine deficient.
In 1990, the United Nations World Summit for Children and the World Health Assembly joined efforts
to eliminate iodine deficiency disorders. In 1993, the WHO reaffirmed the need for salt iodization as the
main strategy to eradicate such disorders. In 1994, the Public Policy Committee of the United Nations
Children's Fund (UNICEF)/WHO emphasized the importance of salt iodization [694].
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In 2007, the International Child Development Steering Group identified iodine deficiency as one of
the four risk factors impacting child development that still required urgent intervention [695]. As of 2007,
120 countries implemented the iodization of salt [696].
Salt is considered adequately iodized when 15–40 mg/kg iodine, based on the consumption of 10 g of
salt per day [692].
Iodine deficiency, characterized by 24-hour ioduria less than 100 μg/day [697], is prevalent in the
Eastern Mediterranean, Asia, Eastern Europe and Africa. Moderate deficiency is found in Australia, Great
Britain and New Zealand, as well as in ovo-lacto-vegetarians and vegans [698].
In 2019, the Iodine Global Network report included school-age children from 115 countries and
classified them based on iodine level. The following countries were considered to have an optimal iodine
level: the United States, Canada, France, Portugal, and Great Britain. A sufficient level was found in Angola
and Italy. In 23 countries, the intake level was low: Burkina Faso, Burundi, Cambodia, Finland, Germany,
Israel, Iraq, Lebanon, Madagascar, Morocco, Haiti, North Korea, Mozambique, Nicaragua, Samoa,
Tajikistan, Vanuatu, Norway, Russia, South Sudan, Sudan and Vietnam [699]. One study showed
insufficient iodine intake by pregnant women in 39 of the 72 countries evaluated [700].
One study showed that excess iodine affects school-age children in the following
countries: Armenia, Benin, Brazil, Colombia, Georgia, Honduras, Paraguay, Somalia,
Uganda and Uruguay [692].
Iodine deficiency currently affects 2 billion people worldwide, with pregnant women being the most
at-risk group, demonstrating that salt iodization programs, despite greatly improving the overall iodine
nutritional status, have not yet solved this problem [701].
Although recommended, salt iodization is not always mandatory; it is mandatory in countries such as
Poland, China, and Denmark but voluntary in the United States, Netherlands, and Great Britain. In
Australia and New Zealand, salt iodization is not mandatory, but iodized salt is used in bread [701].
The reduction or exclusion of salt fortified with iodine from the diet in places where crops are not
grown in iodine-rich soil can lead to low intake. This may occur in a more natural, whole-grain diet profile,
as in plant-based diet profiles, or in any diet profile with reduced consumption of iodized salt, such as
diets adopted by hypertensive patients [701].
No diet is able to safely meet iodine requirements; therefore, food fortification is
necessary [701].
Iodine deficiency is not related to the adoption of a vegetarian diet but rather to the
absence of foods fortified with iodine, especially iodized salt, or to the consumption
of foods grown in iodine-poor soil.
Animals provide iodine to humans when supplemented with the mineral, as
discussed in a previous chapter.
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6.3. Recommended intake
According to the IOM, the recommended iodine intake for adults is 150 μg/day [702].
For women who are pregnant and lactating, the demand for iodine increases, and 220 μg and 290
μg/day are recommended, respectively.
The upper limit of intake (UL) is 1,100 μg/d according to the IOM [702] and 600 μg/day according to
the Scientific Committee on Food [703].

6.4. Functions of iodine in the human body
Iodine plays a role in a few metabolic biochemical reactions and has functions of remarkable
importance. It is required for the formation of thyroid hormone, for example, and when deficient, has
negative impacts – resulting from hypothyroidism – on growth (given the reduction in the levels of insulinlike growth factor 1 (IGF1) and its carrier protein, IGFBP3) and neurological development and causes
miscarriage, reproduction issues, congenital abnormalities, elevated cholesterol levels, constipation,
excessive sleep, reduced hair thickness, fatigue and decreased basal metabolic rate [692].
Before the introduction of policies related to the iodination of salt, cretinism was frequent, and goiter
affected 80% of children in severely deficient areas [704].
In iodine deficiency, the formation of thyroid hormone is reduced, leading to an increase in
stimuli for its production, represented by increased thyroid-stimulating hormone (TSH)
levels. This continuous stimulation leads to hyperplasia and hypertrophy of the thyroid
gland, resulting in an increase in its size. This can lead to obstruction of the trachea and
esophagus and recurrent injury of the laryngeal nerve (resulting in hoarseness), often
requiring surgical removal of the gland [692].
It has been suggested that iodine is related to fibrocystic breast disease, immune responses and the
risk of gastric cancer [692]. Iodine also acts as an antioxidant and has a protective effect against
inflammatory states and cancer [705].
It has also been suggested that iodine deficiency increases the risk of breast cancer through two
mechanisms: increased sensitivity to estradiol and the impact of hypothyroidism on tumor proliferation;
however, the data are highly controversial [701].

6.5. Excess iodine
Excess iodine has negative consequences, with the Wolff and Chaikoff effect and the Jörd-Basedow
phenomenon being the most frequently described.
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In the Wolff and Chaikoff effect, high iodine exposure results in a transient inhibition of thyroid
hormone synthesis due to the formation of iodolactones and iodolipids that inhibit thyroperoxidase (an
enzyme that produces peroxide, necessary for attaching thyroglobulin to iodine to form thyroid hormone)
[692].
The Jöd-Basedow phenomenon occurs when iodine induces hyperthyroidism, representing a failure
of the Wolff-Chaikoff effect; it may occur in individuals with a history of nodular goiter caused by iodine
deficiency [692].
Excess iodine intake is well tolerated by many healthy individuals but can lead to hyperthyroidism,
hypothyroidism, goiter and thyroid autoimmunity [706].
The American Thyroid Association suggests avoiding supplementation with more than 500 μg of
iodine per day [707]. There is evidence that chronic excessive iodine intake can induce autoimmune
thyroiditis because iodinated thyroglobulin is immunogenic [708].

6.6. Iodine metabolism
To maintain a normal concentration of iodine in the body (10 to 20 mg), where 70% to 80% of iodine
is destined to locate to the thyroid gland, humans require an exogenous source that can be provided in
various chemical forms [692].
The absorption of iodine is fast and efficient (approximately 90% of the amount ingested is absorbed)
in the stomach and upper small intestine. Compounds organically bound to iodine are digested, releasing
iodide for absorption. Iodine derived from thyroxine (T4) can be absorbed intact, which usually occurs
with 70% of the ingested dose [709].
Circulating iodine is removed by the thyroid (in an amount dependent on its requirement, ranging
from <10% to greater than 80% uptake) and continuously excreted by the kidneys [692].
Circulating iodine has a half-life of 10 h [692].

6.6.1. Thyroid hormone production
Under adequate iodine conditions, humans require 60 μg of iodine daily to offset losses and for
thyroid production [692].
The presence of TSH is essential for initiating thyroid hormone synthesis. Figure 6.10. shows how
thyroid hormones form.
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Figure 6.10. Synthesis of thyroid hormones

Figure created by Professor Doctor Eric Slywitch

The basolateral membrane of the thyroid contains a sodium and iodine cotransporter called
natrium/iodide symporter (NIS), which is responsible for taking up serum iodine and translocating in into
the intracellular environment. Iodine reaches the colloid region (which is where iodine organification
occurs, i.e., where thyroid hormone is built) via pendrin, a transporter located in the apical membrane of
thyrocytes.
Thyroperoxidase (TPO) is also found in the apical membrane; in the presence of iron, TPO produces
peroxide (H2O2), which is necessary for attaching thyroglobulin (formed from the amino acid tyrosine) to
iodine, forming monoiodotyrosine (MIT, which was not but could have been called T1) and diiodotyrosine
(DIT, which was not but could have been called T2). Thus, the formation of MIT is an oxidative process
dependent on free radicals and the presence of iron, iodine, and tyrosine. Because it is a highly oxidative
environment, the presence of antioxidants is mandatory, as well as selenium-dependent glutathione
peroxidase.
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A DIT linked to an MIT forms T3 (triiodothyronine); two DITs together form T4 (thyroxine). The
chemical forms of T3 and T4 are identical, except for the presence of an additional iodine in T4.
Approximately 65% of the weight of T4 and 59% of the weight of T3 is iodine [692].
T4 and T3 are used at the periphery, with the half-life of T4 ranging from 5 to 8 days and that of T3
ranging from 1.5 to 3 days [692]. Deiodinases are enzymes that use selenium and zinc for the conversion
of thyroid hormones.

6.6.2. Metabolic response to low iodine intake
The body has mechanisms to maintain homeostasis, to a certain extent, when iodine intake is
insufficient, and the subsequent biochemical manifestations are measurable.
When iodine is lacking and thyroid hormone production is compromised, the TSH level begins to
increase. This usually occurs with iodine intake below 100 μg/day in healthy individuals [692].
This increase in TSH results in NIS stimulation, causing greater removal of iodine from the plasma and
consequent lower urinary iodine excretion [692].
Elevated TSH levels also stimulate the breakdown of thyroglobulin and the synthesis, as well as
preferential release, of T3 into the blood [692].
Thus, the following are the laboratory presentations for iodine deficiency [692]
—
—
—
—
—

Elevated TSH levels;
Low serum T4 levels;
Normal or low serum T3 levels;
Elevated thyroglobulin levels; and
reduced urinary iodine.

The intensity of these manifestations may vary based on the degree of iodine deficiency and on its
chronicity.
Thyroid failure and cretinism usually occur in regions where iodine deficiency is severe and chronic
and manifest as low circulating T3 and T4, with very high TSH levels [692].

6.7. Foods and nutrients that theoretically
affect thyroid hormone production
Several dietary factors, whether nutritional or not, have been identified as potentially interfering in
the formation of thyroid hormone. These substances are called goitrogens.
The following nutrients are some of the most active in thyroid hormone metabolism:
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— Selenium: Selenium is necessary for the formation of glutathione peroxidase and deiodinases,
which play roles in the conversion of thyroid hormones [692]. Selenium deficiency favors the
accumulation of peroxides in the colloid and thyroid injury. Deiodinase deficiency negatively
affects thyroid hormone synthesis [692].
— Iron: Iron is important for the synthesis of peroxide by thyroperoxidase. In individuals
(especially children) with iron deficiency, the efficacy of iodine replacement is compromised,
and iron supplementation increases the efficiency of iodine utilization [710].
— Zinc: Zinc deficiency causes the increased expression of the liver enzyme thyroxine-5monodeiodinase, which catalyzes the inactivation of thyroid hormone. Some studies have
shown an increase in T3 levels in zinc deficiency. The consumption of a high dose of zinc
contributes to hyperthyroidism or Graves' disease by the additional stimulation by zinc in the
thyroid gland [711]. Zinc deficiency reduces the activity of deiodinases, the synthesis and
release of hypothalamic thyrotropin-releasing hormone (TRH), and the synthesis of TSH and
transcription factors involved in the synthesis of thyroid hormones [692].
— Vitamin A: When deficient, there is a decrease in suppression of the pituitary TSHβ gene,
associated with increased TSH stimulation and goiter [692].
Several in vitro and animal studies have evaluated the potential of thyroid changes due to the
consumption of various substances.
The main foods and substances with potential goitrogenic action and the corresponding biochemical
explanations are provided in Table 6.41.
Table 6.41. Substances with theoretical goitrogenic potential (adapted from [692])
Product
Mechanism
Cassava, lima bean, linseed,
Presence of cyanogenic glucosides that are
sorghum, and sweet potato
metabolized into thiocyanates and compete with
iodine uptake by NIS
Cruciferous vegetables
Presence of glucosinolates that compete with
(cabbage, kale, cauliflower,
iodine for transport by NIS
broccoli, turnip and rapeseed)
Soy and millet
Presence of flavonoids that, due to their
antioxidant content, may inhibit TPO activity
Soy
Presence of genistein and daidzein may affect TPO
function
Industrial pollutants such as
Competitive inhibitory action on NIS
perchlorate, nitrate, and
disulfides from coal processing
Cigarettes
One of the most important goitrogens; the high
content of thiocyanates competes with iodine for
uptake by NIS.
NIS = natrium/iodide symporter; TPO = thyroperoxidase
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A controlled clinical trial with 45 euthyroid women followed up for 12 weeks who ate broccoli sprouts
showed that there was no change in thyroid hormone levels or in thyroid autoimmunity parameters [712].
A systematic review published in 2018 evaluated 57 studies (20 intervention and 37 observational
studies). According to the review, although observational evidence suggests that the concentrations of
zinc, selenium and iron are positively associated with iodine nutritional status, the data from randomized
clinical trials do not confirm the relationship [697].
The use of selenium becomes relevant when an individual has moderate Graves' orbitopathy because
selenium has been shown to improve quality of life and the disease course [713].
In 2019, a systematic review and meta-analysis evaluated 18 randomized controlled trials and
showed that soy supplementation in humans does not alter the level of free T4 or free T3 and causes a
slight increase in TSH without clinical repercussions [327].
A study with 151 individuals (78 ovo-lacto-vegetarians and 63 vegans) showed that the intake of
thiocyanates (compounds derived from cruciferous vegetables) was significantly higher in vegans, as was
low iodine intake. Even under these conditions, there was no effect on thyroid hormones [714].
All foods cited are safe for consumption regarding thyroid function, and it seems
unlikely that a substance can be goitrogenic if an individual has sufficient iron and
iodine intake.
There is no evidence that a vegetarian diet should contain dietary restrictions for
fear of altering thyroid function.

6.8. Iodine sources
Natural sources
Foods and beverages are naturally low in iodine, providing 3 to 80 μg per serving [692].
The origin of foods explains their different levels of iodine, which are usually insufficient to meet the
body’s demand [692].
As the oceans have the highest iodine content, saltwater fish and seafood usually have the highest
iodine content. However, even with this higher content, regular saltwater fish intake is needed to provide
sufficient iodine [715-717].
The iodine content in different products is listed in Table 6.42.
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Table 6.42. Iodine content in different products (adapted from references [701, 718])
Product
Iodine content (μg/100 g of product)
Fresh cod
110
Fresh salmon
7.7–44
Kefir (2% fat)
7.5
Skim milk*
19.5–21
Full-fat cheese*
7.7–30
Chicken eggs*
9.5–57.6
Oat flakes
0.5–5.9
Vegetables
1–31
Nuts
4–9
Iodized salt*
2,293
Nori seaweed (Porphyra tenera)
1,600
Wakame seaweed (Alaria esculenta)
3,200–11,500
Arame seaweed (Eisenia bicyclis)
58,600
Hijiki seaweed (Hizikia fusiforme)
62,900
Kombu seaweed (Laminaria)
135,000
Kelp seaweed (Laminaria)
125,900–151,300
*Sources of iodine by addition of the mineral to the product

The iodine content in seaweed is relatively high and may meet the needs of individuals who consume
seaweed regularly [719, 720]. However, there is a risk of excess iodine intake associated with the
consumption of seaweed and seaweed supplements. Some Asian dishes may contain more than 1,100
μg/day iodine when they contain seaweed [718].

Iodized salt
The major source of iodine is iodized table salt, adopted as a public health measure in several
countries. Generally, 15 to 80 mg of iodine is added per kilogram of salt [715, 719, 721, 722].

Water
It is possible to obtain iodine from water from aquifers containing iodine or from water disinfected
with iodine [721, 723, 724].
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Products of animal origin
Milk consumption usually supplies 25% to 70% of the human iodine requirement in industrialized
countries [187]. Milk, although naturally low in iodine, is a considerable source of the mineral, either
when iodine is given directly (via supplementation) or indirectly (via supplements in feed) to animals [725728]. Immersion of the cow udder in iodinated solution for cleaning almost triples the iodine content in
milk for human consumption [191].
The iodine content in animal products depends on the content ingested by the
animal via supplementation, as discussed in the chapter on supplementation.
In countries with higher water iodine content, animal milk may contain excess iodine [200]. Heat
processing of milk and its derivatives causes minimal changes in iodine content [729].

Processed foods
The consumption of processed foods such as bread, dairy products and processed meats provides the
highest salt content in a Western diet. When this salt is fortified with iodine, the amount of iodine supplied
can be substantial. Processed foods can contribute 60–80% of iodine to individuals in industrialized
countries [721, 730, 731].
Industrial processes such as boiling, roasting and canning result in small losses of iodine,
approximately 10% [719, 732].

6.9. Vegetarian diets and iodine deficiency
A systematic review published in 2020 evaluated the effect of food choices on iodine in vegan, ovolacto-vegetarian and omnivorous diets. Fifteen studies were evaluated, totaling 127,094 adults. Vegans
had the lowest concentration of urinary iodine, followed by ovo-lacto-vegetarians, with both groups not
reaching nutritionally adequate values of iodine. The lowest intake was by vegetarians (mean of 15.6
μg/day), and the highest intake was by vegan women (mean of 1,448 μg/day), with the latter being due
to the consumption of seaweed. Omnivores had the highest intake in 83% of the studies [733].
Subsequent to that meta-analysis, a study with vegetarians in Norway showed that the urinary
excretion of iodine from 115 vegans was, on average, 43 μg/L (moderate deficiency), that from 55 ovolacto-vegetarians was 67 μg/L (mild deficiency), and that from 35 pescatarians was 96 μg/L (mild
deficiency). Half of the individuals had an iodine intake below 100 μg/day (EAR value). The use of iodine
supplements was the predictor most strongly correlated with the iodine content present in 24-hour urine
samples. All these individuals were at risk of iodine deficiency, and supplementation or the use of fortified
foods was an important factor for adjustments, as well as care not to ingest excess iodine through
seaweed [734].
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Additionally, published in 2020, a study conducted in Germany compared 36 vegans with 36 omnivores.
Compared with omnivores, vegans had a significantly lower 24-hour urine iodine excretion. In one-third of the
vegan population, the value was below 20 μg/L, indicating severe iodine deficiency. Despite this finding, the TSH
levels in the vegan group was not different from that in the omnivore group [506].
A vegetarian diet can be considered a risk for iodine deficiency when iodized salt,
seaweed or supplements are not used and when the soil in which the food is grown
is not rich in iodine (this is difficult to measure).
Animal foods are not rich in iodine; supplements given to animals ensure a high
iodine content in animal products. Thus, omnivorous diets can provide iodine
through the supplements given to animals.
Iodine deficiency can affect any individual who restricts their consumption of iodized salt, from
hypertensive patients to individuals who consume a paleolithic diet [701].
The IVU endorses the international recommendation for the fortification of salt with
iodine for human consumption.
For health professionals who serve vegetarians, the IVU recommends individual
assessments of iodine intake (assess if iodinated salt is consumed, if the amount
iodine consumed meets the needs of the body, and seaweed or supplements are
consumed). If possible and necessary, use laboratory evaluations (24-hour ioduria)
to assess iodine adequacy. The same health care approach applies to omnivores.

6.10. IVU’s opinion on iodine in vegetarian diets
The IVU recommends the following:
Foods and supplementation
— Use iodized salt to ensure an iodine intake of 150 μg/day.
— Although industrialized foods can be a source of iodine because of the addition iodized salt, we
recommend minimizing the consumption of these products. If salt or any other product fortified with
iodine cannot be consumed, supplementation with 150 μg of iodine per day is recommended.
— If choosing to consume seaweed, evaluate the regularity of consumption and the type consumed so
that iodine intake is not deficient or excessive. Laboratory evaluations may help in this context.
— Do not omit soy, cruciferous vegetables, or other foods with a goitrogenic potential from the diet.
— Maintain adequate levels of iron, selenium, and zinc in the body.
Biochemical evaluations:
— Iodine deficiency can be recognized by classic changes in the absence of thyroid disease: elevated TSH
levels, low serum T4 levels, normal or low serum T3 levels, elevated thyroglobulin levels, reduced
urinary iodine levels.
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PART 7 — ANTINUTRITIONAL FACTORS
Many plants contain components that increase or reduce nutrient absorption. When they have a
negative impact on absorption, they are called antinutrients.
Unlike harmful compounds naturally present, added to meat or formed by heating (heme iron, Nnitrous compounds, aromatic heterocyclic hydrocarbons, and aromatic heterocyclic amines) that cannot
be removed by cooking methods, the content of antinutrients can be modified with simple care during
preparation and cooking.

1. CHAPTER OVERVIEW
— Most antinutritional factors have a beneficial effect on human health.
— Cooking methods reduce the content of antinutritional factors.
— Lectins are more present in legumes and are reduced by prolonged soaking (in
water), boiling and germination.
— The use of a microwave has an effect on the lectins in legumes, but this effect is
less significant in common beans.
— Legumes should not be eaten raw or undercooked, as lectins can cause
intoxication and enterocyte injury.
— There is no risk associated with lectins when cooked legumes are consumed.
— Oxalate is present in plants and decreases the absorption of calcium, iron,
magnesium, sodium, and potassium.
— Urinary oxalate is mostly derived from endogenous production (not dietary).
— Soluble oxalate can be reduced by cooking in water and, to a lesser degree, by
steaming. Soaking with subsequent cooking significantly reduces the oxalate
content in food. The use of a microwave is effective in reducing oxalate.
— Roasting foods (such as nuts) does not reduce the oxalate content.
— Goitrogenic foods, such as brassicas (kale, brussels sprouts, broccoli, and
cauliflower) and soy, do not cause changes in the thyroid gland of humans.
— Phytoestrogens have positive effects associated with the prevention and
treatment of breast cancer.
— The microbiota plays a role in the conversion of phytoestrogens into their active
form, and vegetarian diets are more favorable to this microbial conversion
profile.
— Tannins do not reduce iron absorption.
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2. ANTINUTRIENTS: BENEFICIAL
ACTIONS AND NUTRITIONAL CARE
Some antinutrients, such as lectins, oxalates, phytates, phytoestrogens and tannins, have positive
effects on human health.
The main elements considered antinutrients are listed in Table 7.1. The “suggested clinical implication”
is the hypothesis that led to studies confirming or refuting this idea and will be discussed later.
Table 7.1. Antinutrients and clinical implications (adapted from reference [735])
Antinutrient
Lectins
Oxalates

Phytate

Goitrogens

Phytoestrogens

Tannins

Food source
Legumes, cereal grains, seeds, nuts, fruits,
and vegetables
Spinach, sweet chard, sorrel, beet greens,
beet root, rhubarb, nuts, legumes, cereal
grains, sweet potato, and potato
Legumes, cereal grains, pseudo-cereals
(amaranth, quinoa, millet), nuts, and
seeds
Brassica vegetables (kale, Brussel sprouts,
cabbage, turnip greens, Chinese cabbage,
and broccoli), millet, and cassava.
Soy, soy products, and flaxseed

Tea, cocoa, grapes, berries,
apples, stone fruits, nuts, beans,
and whole grains

Suggested clinical
implication
Changes in gut function and
inflammation
May inhibit calcium
absorption and increase the
formation of kidney stones
May inhibit the absorption of
iron, zinc and calcium;
has antioxidant and
antineoplastic effects
Hypothyroidism or goiter;
inhibition of iodine uptake by
the thyroid
Endocrine disruptor;
Increased risk of estrogensensitive cancer
Inhibition of iron absorption;
negative impact on iron
stores

Table 7.2. provides a summary of the methods used to reduce or increase antinutrient levels.
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Table 7.2. Summary of the methods used to reduce or increase antinutrients (adapted from [735])
Substance
Lectins
Oxalate

Phytates
Tannins
Phytoestrogen
Goitrogens

Preparations that reduce
Preparations that increase
antinutrient content
antinutrient content
Soaking, boiling, autoclaving, Roasting
germination, and fermentation
Soaking, boiling, steaming, and Roasting and grilling; a diet low
pairing with high calcium foods in calcium increases the
absorption of dietary oxalate
Soaking, boiling, germination, None
and fermentation
Cooking and peeling skins from None
fruits and nuts
None
Boiling, steaming, and fermenting
(increases the aglycone content)
Boiling and steaming
None
The main antinutritional factors are discussed below.

3. LECTINS
Lectins, also called hemagglutinins, are part of a family of proteins capable of reversibly binding to
carbohydrates, which can agglutinate erythrocytes. In addition, when ingested, they may bind to glycan
receptors and glycoconjugates on the enterocyte surface, causing cell damage [735].
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Lectins are found in various organisms, such as plants, animals, and microorganisms. More than 500
lectins have already been isolated and identified in plants that play a role in defense against insects,
molds, fungi and diseases [735].
Lectins are found in many foods, such as legumes, seeds, nuts, fruits and vegetables. However, their
content is nonsignificant in fruits and vegetables, while whole grains and legumes are rich in lectins
when raw [735].
The legumes with the highest concentrations of lectins are soybeans (692.8 HU/mg), common beans
(Phaseolus vulgaris) (87.7–88.6 HU/mg), lentils (10.9–11.8 HU/mg), peas (5.5–5.7 HU/mg), broad beans (5.5–
5.5 HU/mg) and chickpeas (2.7–2.7 HU/mg) [736]. However, the content may vary based on the location and
the cultivation area, with the content in kidney beans ranging from less than 200 μg/g to greater than 51,200
μg/g. This difference can be attributed to the grain stage, as the content is higher during grain development
(because lectins have a protective function for the plant) and lower in mature grains [737].
Because of being resistant to digestive enzymes in the gastrointestinal tract, lectins can be removed
from foods by cooking methods. Soaking, autoclaving, and boiling seeds cause irreversible denaturation
of lectins. In addition, fermentation for more than 72 hours leads to the degradation of most lectins in
lentils (Lens culinaris) [738]. In other legumes, even those rich in lectins, 93.8–100% of the lectin content
can be eliminated by boiling [736, 739].
Microwave cooking destroys the lectins in most legumes, but its effect on common beans is not
significant [740].
Legumes should not be consumed raw or undercooked.
There are several documented cases of intoxication due to the consumption of poorly prepared
legumes. In the United Kingdom, there are 50 documented cases of suspected poisoning due to the
consumption of improperly cooked kidney beans. In China, more than 7,000 individuals were poisoned
between 2004 and 2013. In all cases, beans were consumed raw or soaked or cooked at an inadequate
temperature to denature the lectins. The consumption of cooked legumes does not cause any intestinal
changes in humans [735].
In addition, the consumption of whole grains and legumes has been shown to reduce inflammatory
markers in humans [741-743].
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4. OXALATES
Oxalate or oxalic acid is a substance capable of forming insoluble salts of sodium, potassium, calcium,
iron, and magnesium. Most plants produce oxalate, and its function seems to be linked to regulating
calcium metabolism, protecting plants and detoxifying heavy metals [744].
In mammals, endogenous oxalate is a metabolite of ascorbate, glyoxylate, hydroxyproline and
glycine. Urinary oxalate is mainly derived from endogenous oxalate [735].
Oxalate in plants is found in different forms and may be soluble (oxalic acid and sodium, potassium,
and ammonium oxalates) or insoluble (calcium oxalate) in water. Soluble oxalates can chelate minerals,
hindering their absorption, and can be absorbed in the intestine and colon. When absorbed, they may
contribute to the formation of kidney stones [735].
In the context of kidney stones, dietary oxalate seems to contribute up to 50% of the total urinary
excretion of oxalate. More than 60% of individuals who form kidney stones are oxalate hyperabsorbers.
However, in kidney stone formers, dietary oxalate does not seem to be the main risk factor for stone
formation [745]. Calcium intake is a protective factor against stone formation by reducing the absorption
of oxalate [746].
The plants richest in oxalic acid are spinach, rhubarb, chard, amaranth, yam, sweet
potato, beet, and sorrel.
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Oxalate is also found in raw legumes, whole grains, cocoa and teas but in smaller
quantities [735]].
Plant part, cultivation conditions and season of the year cause variations in oxalate content [735].
Cooking methods can influence the oxalate content, especially when cooking in water and steam,
which reduces the content in food. Boiling vegetables for 12 minutes has been shown to reduce the
soluble oxalate content from 30% to 87%; in spinach, 87% of the oxalate content is lost; and in chard, 85%
is lost. Conversely, steam cooking has less of an impact, resulting in a loss of 46% for spinach and 42% for
chard [747].
The immersion of legumes in water (soaking) and subsequent cooking can significantly reduce the oxalate
content. After cooking lentils for 15 minutes, the soluble oxalate content has been shown to decrease by
42.6%; after cooking chickpeas for 60 minutes, a 19.5% decrease has been observed. In beans cooked for 45
minutes, the oxalate content has been shown to decrease by 59.6%. Microwaving and preservation
techniques can also reduce the oxalate content in products by approximately 85.7% to 92.9% [748].
Conversely, toasting nuts such as peanuts does not reduce the oxalate content [749].

5. GOITROGENS
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The term “goitrogenic” indicates the interference of some compounds (dietary or not) with thyroid
function, leading to goiter and other thyroid diseases. This action may be due to competition for iodine
uptake by NIS (see the chapter on iodine) as well as to the antioxidant content, which alters glutathione
formation and reduces thyroperoxidase activity.
Glucosinolates, a class with more than 120 compounds, are present in Brassica vegetables (kale,
Brussel sprouts, broccoli, and cauliflower) and other sources. Damage caused to the plant (from cutting
and chewing it) activates the enzyme myrosinase within the plant. The human microbiota also contains
myrosinase. Under the effect of this enzyme, glucosinolates are converted into several other compounds,
such as thiocyanates, isothiocyanates, nitrile and sulforane, substances with potential roles in cancer
prevention, phase II liver detoxification, apoptosis and oxidoreduction reactions [735].
Other substances, such as resveratrol, flavonoids and isoflavones (genistein and daidzein) present in
soybean and flaxseed, for example, may also have goitrogenic effects [735].
Fermenting and cooking reduce the content of glucosinolates, but these substances are beneficial for
health [735].
We have already presented studies on this subject in the chapter on iodine. There is no reason to
discontinue using any food containing goitrogenic substances to protect thyroid function. The presence
of an adequate iodine nutritional status is a protective factor against goitrogenic substances; even with a
reduction in iodine levels, studies still indicate that there are no issues with goitrogenic substances.

6. PHYTOESTROGENS
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Phytoestrogens are dietary polyphenolic compounds derived from plants whose chemical structure is
similar to that of 17-β-estradiol. Because of this similarity, they could theoretically interfere with estrogen
action by binding to cellular receptors [750].
Phytoestrogens are classified by the presence of phenolic groups, and their main representatives are
isoflavones, lignans, stilbenes and coumestrol; isoflavones and lignans have received the most attention
due to their presence in the human diet.
Isoflavones are flavonoids found in soybean: genistein, daidzein, glycitein and biochanin. The
phytoestrogen lignan is most commonly found in flaxseed and cereals [750].
The microbiota is responsible for converting lignans into aglycones and isoflavones into enterodiol
and enterolactone [751]. These compounds, after conversion, play roles in the human body.
Equol is the most studied isoflavone metabolite, followed by lignans.
Most likely due to the difference in microbiota secondary to the diet, only 25% to 30% of the Western
population is able to convert isoflavones into equol, while this occurs in 50% to 60% of the Asian
population and vegetarians [752]. As already described in the chapter on proteins, the consumption of
isoflavones provides many health benefits.
The most concentrated sources of lignans are flaxseed and sesame, with contents of 379.4 mg/100 g
and 8.0 mg/100 g, respectively [753].
Cooking in water, with steam, and under pressure and fermentation by Lactobacillus and
Bifidobacterium significantly increase the aglycone content. Fermented soy products, such as nattō, have
a significantly increased aglycone content [754, 755].
From the perspective of safety, the consumption of these compounds by individuals with altered
thyroid hormones and patients at risk of breast and uterine cancer is safe, and they provide benefits for
cancer patients in this condition [328, 756, 757].
The isoflavone contents in several soy products are provided in Table 7.3.
Table 7.3. Isoflavone content in soy products (adapted from references [758-760]).
Isoflavone content
Processed soy
(wet basis, expressed as aglycone)
Defatted whole soybean flours
120–340 mg/100 g
Soy protein isolates
88–164 mg/100 g
Commercial textured soy proteins
66–183 mg/100 g
Soy hypocotyl flour
542–851 mg/100 g
Soy milk
12–83 mg/L
Soy sauce (shoyu)
5.7 mg/L
Miso
20–41.4 mg/100 g
Tofu
7–34.8 mg/100 g
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Edamame
Nattō
Tempeh
Okara
Soy lecithin
Concentrated soy protein (aqueous extraction)
Concentrated soy protein (alcoholic extraction)
Roasted soybean
Raw soybean grain
Soybean oil

17.9 mg/100 g
82.3 mg/100 g
3.82 mg/100 g
9.4 mg/100 g
15.7 mg/100 g
94.7 mg/100 g
11.5 mg/100 g
148.5 mg/100 g
154.5 mg/100 g
0 mg/100 mL

The isoflavone content in soybean may vary based on the country of cultivation (Table 7.3) [760].
Table 7.4. Isoflavone content in soy grown in different countries
Country
Isoflavone content in 100 g of soybean
Australia
120.84
Brazil
99.82
China
118.28
Europe
103.56
Japan
130.56
Korea
178.81
Taiwan
85.68
United States
159.98

314

7. PHYTATES
Phytates have the potential to reduce the absorption of minerals when source foods are not
subjected to soaking, germination, fermentation, or cooking. Phytates have potent antioxidant activity
[735].
In the chapter on zinc, the conditions that affect phytate are explained in detail. For more information,
see that chapter.

8. TANNINS
Tannins are a class of high-molecular-weight compounds present in various vegetables that provide
the astringent flavor of fruits and beverages. They are classified into two groups [761]:
— Hydrolysable tannins (gallotannin and ellagitannin); and
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— Condensable tannins (catechins, flavonols, and proanthocyanins) – this group includes the
most studied polyphenols, such as catechin, epigallocatechin, epicatechin, and
epigallocatechin-3-gallate.
Tannins act in plant defense. In the human body, they act as antioxidants, anticarcinogens and
immunomodulators and have cardioprotective effects. Their antinutritional effect is associated with a
possible deficiencies in iron, copper and zinc due to the inhibitory effect of the absorption of these
minerals [762].
The plant kingdom is rich in tannins, such as proanthocyanins and catechins, from cocoa seeds (as
well as dark chocolate), tea, wine, fruits, nuts, whole grains and legumes [763].
Cooking and processing can reduce the catechin content in some foods. There is a reduction of 28%
in rhubarb, 58% in broad beans and 26% in pears. Removal of nut skin can reduce the phenolic content
by 90% [762, 764].
Epidemiological evidence shows no negative effects of tannins on iron absorption and many health
benefits and antioxidant effects. The vitamin C content in tannin-rich products may be a neutralizing
factor in the potential of tannins to reduce iron absorption [735].
A systematic review concluded that the total intake of polyphenols does not interfere with the
nutritional status of iron and improves inflammatory markers [765].

9. IVU’S OPINION ON ANTINUTRITIONAL FACTORS
Given the review conducted, the IVU recommends modulating antinutritional factors using home
cooking methods:
— Lectin – Do not consume raw or undercooked legumes.
— Oxalate – The plants richest in oxalate are spinach, rhubarb, chard, amaranth, yam, sweet
potato, beet, and sorrel. Cooking in water, as well as in steam, can reduce oxalate content.
Another option would be to avoid these foods in more calcium-rich meals.
— Goitrogenic substances – Kale, Brussel sprouts, broccoli and soybean should not be omitted
from the diet of individuals with altered thyroid function.
— Isoflavones – The consumption of isoflavones is beneficial and recommended for individuals
with breast, uterus, and prostate cancer.
— Tannins – Tannins do not need to be reduced in foods for proper iron bioavailability.
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PART 9 — CALCULATED GLOBAL MENUS
As we have demonstrated using scientific evidence, a vegan diet is healthy and capable of improving
quality of life and preventing and strongly assisting in the treatment of chronic noncommunicable
diseases.
In this part of the guide, we offer a 30-day vegan menu, considering the food profile of several
countries.
This material serves as a guide so that you, the health professional, have a resource to develop a
nutritional plan and ensure an adequate diet.
The menus were developed by nutritionists, and the nutritional adequacy calculations are presented
in detail in Appendix 2. In this section, we present condensed values for 5 days, with each day having food
from a different country. We considered two caloric profiles: 1,600-kcal/day (55 kg female) and 2,100kcal (70 kg male).

Nutritional calculations
To structure the menus, we used the food table of the United States Department of Agriculture
(SR28), already presented several times in the nutrient sections of this guide.
Nutrient requirements were calculated based on the DRI. Because the DRI for iron and zinc is
overestimated for vegetarians, the phytate content of grains should be reduced and vegetarians consume
abundant vitamin C, for these nutrients, we use the DRI values for omnivores.
Calories were calculated based on the content presented in the tables of the United States
Department of Agriculture, but many foods presented in this table have carbohydrate, fat and protein
values that are slightly different per gram, i.e., 4-kcal, 9-kcal and 4-kcal, respectively.
Thus, to calculate the final percentage of macronutrients, we consider that 1 gram of carbohydrate
and protein has 4-kcal and 1 gram of fat has 9-kcal. When the percentage was above or below 100%, we
adjusted the value in accordance with rule 3.

Structuring the menu
The menus were planned taking into account the most plant-based diet possible, but we also
considered cultural aspects of each country; additionally, for some meals, we stretched the concept of a
plant-based diet while still maintaining a vegan diet.
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For calcium, we suggest enriched vegetable beverages on several days. We chose beverages with
calcium contents similar to that of cow milk, but there are others on the market with a higher calcium
content.
For each country, but not among them, the calorie content of each meal is similar. Thus, if a breakfast
meal is switched from one day to another, the final calorie content will be similar, but the macro- and
micronutrient content may not necessarily be similar. The same is true for each of the meals within the
same country.

Recipes
Whenever possible, we present the amount that meets individual needs. However, the volumes can
be multiplied to make a larger amount.
We have chosen to provide instructions even for recipes that seem basic, as this can help individuals
with little experience in the kitchen and individuals who want to try dishes of other cultures.
The dishes that are prepared are numbered, corresponding to recipes with the same respective
numbers.

Abbreviations used for recipes
Abbreviation
c.
xc
unit
SQ

Meaning
Spoon
Cup
Unit
Sufficient quantity
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1. AFRICAN MENU
Presentation message

Menu

Breakfast

Lunch

Snack

Day 1 – EGYPT
Ful medames (fava
beans seasoned with
chili, parsley, cumin,
lemon and garlic)
with tahini 1

Day 2 – CONGO
Fufu (yam balls) 4
with tahini (pure
or diluted in
water) + soy milk

Day 3 – ETHIOPIA
Chechebsa (rye pan
cake with tahini
dressing, with berber
and korinima) with soy
milk 8

Koshari (lentils with
rice, chickpeas and
pasta with tomato
sauce and topped
with braised onion
rings and sesame) 2

Fumbwa
(spinach stew
with tomato,
onion, plantain,
fava beans,
sesame, and
cumin seeds) 5

Injera (whole-grain
bread) 9 with shiro wat
(chickpea paste with
onion, tomato, garlic,
tahini and berber) 10
with carrots, green
beans, and grilled corn
on the cob

Figs and almonds +
soy milk

Ngalakh
(couscous jam
with baobab,
peanut paste,
raisins, orange
blossom water
and nutmeg) 6 +
orange

Fruit smoothie with
avocado, mango, kiwi,
lemon, spinach,
cucumber, dates, and
chia seeds 11

Day 4 – KENYA
Fermented millet
porridge (made with
soy milk, sour cherry,
cinnamon, and
nutmeg) 14 with
banana, chia, and soy
milk
Pea Githeri (sautéed
with fresh peas, green
corn, carrots, potatoes,
onions, and chili) 15 +
mango

Ndengu (mung beans
with tomato sauce, soy
milk and tahini) 16 with
whole pita bread and
white cabbage salad

Day 5 – SOUTH AFRICA
Rye bread toast with
cooked red beans and
sautéed mushrooms,
avocado and tomato +
fresh strawberries

Chakalaka (white bean
stir-fry with tomato
sauce, peppers, carrots,
ginger, chili, curry,
coriander, and black
pepper) 19, with cooked
mung beans, squash
quibebe with spinach 20
and tahini (pure or
diluted in water)
Cape malay de tofu
(vegetable broth with
peppers, tofu, apricot,
chili, coriander, cumin,
cinnamon, ginger, onion,
garlic, bay leaf and wine
vinegar) 21 with whole
pita bread and soy milk
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Dinner

Lentil stew with
cabbage, leeks, mint,
coriander, and chia
seeds 3 with whole
pita bread

Lentils with
kwanga
(fermented
cassava) 7,
braised yam
leaves and chia
seeds

Yam cooked with
atakilt wat (sautéed
with carrots, potatoes,
and cabbage, with
spices 12) and misir wat
(lentils with tomatoes,
tomato, berber, ginger
and coriander) 13

Matoke (plantain stew
with onion, tomato,
pepper, garlic, and
cayenne pepper) 17
with peanut dressing18,
cooked mung beans,
and a kale and tomato
salad

Pap (polenta) 22 with
chickpea curry (with
carrots, coconut milk,
curry paste, peas, green
beans, chickpeas, and
coriander) 23 with a
broccoli, cucumber, and
chia salad

Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of
the guide.
The mean nutritional values for the 5-day menu, compared with the needed values, are provided below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8

Calculated
1,607.1
61.3
23
15.7
1.3

Adequacy (%)

275
1,100
1,045
2,310
2,090
1.045,00
1,815.00
1,320
770
25
12.00
1.76
4 to 1

700.9
2,114.2
2,276.2
4,085.4
2,990.2
1,659.6
4,411.2
2,723.6
1,470.4
57.3
12.7
3.3
3.8 to 1

254.9
192.2
217.8
176.9
143.1
158.8
243
206.3
191.0
229.0
106.1
187.9

1,000
18
8
75

1,073.0
23.4
10.5
264.1

107.3
130.3
131.3
352.1

162.5
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Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary fiber (g)
ω-6 fatty acids(g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

2,100-kcal diet
Needed
2,100
45-65%
25-35%
10-35%
0.8

Calculated
2,104.2
61.3
23
15.7
1.2

Adequacy (%)

350
1,400
1,330
2,940
2,660
1,330
2,310
1,680
980
25
17
2.31
4 to 1

932.3
2,792.3
3,004.3
5,398.2
3,937.8
2,202.4
5,823.9
3,590.0
1,940.5
75.0
16.7
4.3
3.9 to 1

266.4
199.5
225.9
183.6
148.0
165.6
252.1
213.7
198.0
300.0
98.1
187.5

1,000
8
11
90

1,405.7
30.7
13.8
346.0

140.6
384.0
125.1
384.4

150

In addition to food, we suggest the following (in the absence of monitoring by a health professional):
— Vitamin B12: 500 μg/day;
— Vitamin D2 or D3 vegan: 2,000 IU/d (if sun exposure is insufficient); and
— Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine).
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RECIPES

DAY 1
Breakfast
1. FUL MEDAMES
Ingredient
Fava beans
Parsley
Olive oil
Lemon (juice)
Garlic
Chili pepper
Cumin
Tahini

1,600-kcal diet
⅓ xc
2 tablespoons
½ teaspoon
3 tablespoons
1 clove
½ unit
½ teaspoon
2 tablespoons

2,100-kcal diet
½ xc
2½ tablespoons
⅔ teaspoon
4 tablespoons
1½ cloves
¾ unit
⅔ teaspoon
2½ tablespoons

Method of preparation:
Soak the fava beans: soak the beans in filtered water for at least 12 hours.
Cook the fava beans in a pressure cooker for 20 minutes until tender.
After cooking, drain the water from the fava beans and mash them with a fork until the consistency
of pate; mix with water to facilitate.
Mix all ingredients and serve.

Lunch
2. KOSHARI*
Ingredient
Chickpeas
Lentils
Tomato
Vinegar
Onion
Brown rice
Macaroni

1,600-kcal diet
2 tablespoons
2 tablespoons
½ xc
½ tablespoon
½ unit
3 tablespoons
⅓ xc

2,100-kcal diet
3 tablespoons
3 tablespoons
¾ xc
¾ tablespoon
¾ unit
4 tablespoons
⅔ xc
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Dehydrated coriander
Garlic
Sesame

1 tablespoon
1 clove
1 tablespoon

1½ tablespoons
1½ cloves
1½ tablespoons

Method of preparation:
Grind the tomatoes, onion, and garlic. Cook for 30 minutes over medium heat until thick.
Cook the chickpeas in a pressure cooker for 20 minutes until al dente.
Cook the lentils for 15 minutes until al dente. They should only be partially cooked because they
will finish cooking with the rice.
Preparation of rice: Mix the precooked lentils and rice in a pan over medium-high heat with 1
tablespoon of cooking oil, salt, pepper, and coriander. Cook for 3 minutes, stirring regularly. Add
warm water to cover the rice and lentil mixture by approximately 1½ inch (4 centimeters). Bring
to a boil; the water level should decrease a little. Cover and cook until all the liquid has been
absorbed and the rice and lentils are well cooked (approximately 20 minutes). Keep covered for 5
minutes or longer.
Preparation of the pasta: While the rice and lentils are cooking, make the pasta. Add the elbow
noodles a pinch of salt to boiling water. Cook until the pasta is al dente.
To serve, mix the rice and lentils in a serving dish and cover with pasta, tomato sauce and
chickpeas.
*Adapted from https://www.themediterraneandish.com/egyptian-koshari-recipe/

Snac
Ingredient
Dried figs
Almonds
Calcium-enriched soy milk
without sugar

1,600-kcal diet
2 units
5 units
1 xc

2,100-kcal diet
3 units
7 units
1⅓ xc

Method of preparation:
Consume the food separately; alternatively, liquefy the figs in soy milk, and consume the kernels
separately.

369

Dinner
3. LENTIL SOUP WITH VEGETABLES
Ingredient
Lentils
Cabbage
Leeks
Fresh mint
Coriander in grain
Whole-grain pita bread
Chia seeds

1,600-kcal diet
⅓ xc
¾ xc
¼ of xc
2 tablespoons
½ teaspoon
1 small unit
1½ tablespoons

2,100-kcal diet
½ xc
1 xc
⅓ of xc
3 tablespoons
⅔ teaspoon
1 unit
2 tablespoons

Method of preparation:
Cook the lentils until tender. Then, add the leeks, cabbage, coriander and mint, and boil until the
broth thickens.
Serve sprinkled with chia seeds and whole-grain bread:
Ingredient
Whole-meal pita bread

1,600-kcal diet
1 small unit

2,100-kcal diet
1 medium unit

1,600-kcal diet
1 small unit
1½ xc

2,100-kcal diet
1 large unit
2 xc

DAY 2
Breakfast
4. FUFU
Ingredient
Yam
Water
Method of preparation:
Peel and grind the yam in water in a blender until it forms a thick cream.
Cook the yam cream for approximately 5 minutes until it thickens.
Allow to cool slightly, and shape into balls; serve when cool
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Serve with tahini mixed with water (to form a liquid sauce), and drink enriched soy milk without
sugar:
Ingredient
Tahini
Enriched soy milk

1,600-kcal diet
2 tablespoons
1 cup

2,100-kcal diet
3 tablespoons
1⅓ cup

1,600-kcal diet
3 tablespoons
½ large unit
1 small unit
1 small unit
½ xc
1 tablespoon
½ tablespoon

2,100-kcal diet
4 tablespoons
¾ large unit
1 large unit
1 large unit
¾ xc
1⅓ tablespoons
¾ tablespoon

Lunch
5. FUMBWA
Ingredient
Spinach
Tomato
Onion
Plantain
Fava beans
Sesame
Cumin seeds
Method of preparation:
Boil water in a pan and add spinach.
After the spinach reduces by half, add tomato, onion, and cumin.
Then, add the cooked fava beans and the plantain, and mix well.
Top with sesame seeds.

Snac
6. NGALAKH
Ingredient
Raw couscous
Water
Peanut butter
Vanilla extract
Raisins
Nutmeg
White raisins

1,600-kcal diet
⅔ tablespoon
½ teaspoon
2 tablespoons
2 drops
⅔ teaspoon
1 pinch
2 tablespoons

2,100-kcal diet
1 tablespoon
¾ teaspoon
3 tablespoons
3 drops
1 teaspoon
1 pinch
3 tablespoons
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Orange blossom water
Baobab fruit

2 tablespoons
3 tablespoons

3 tablespoons
4 tablespoon

Method of preparation:
Prepare the baobab fruit juice:
Place the baobab fruit in a clean glass bowl with several cups of warm water.
Let it soak for at least a few hours.
After the fruit is completely imbibed, the pulp should be easy to separate from the seeds.
Stir well until the juice becomes an opaque brownish-yellow liquid.
Strain the juice and set aside. If baobab fruit is not available, use fresh tamarind juice or any other
tropical fruit juice.
Cook the couscous (steamed or normally).
Add the peanut butter.
Let cool in the refrigerator.
Make the dressing by mixing equal parts of baobab fruit juice and peanut butter, 1 or 2 cups each.
Add white raisins, vanilla, nutmeg, and orange blossom water.
Mix well.
Refrigerate until ready to serve.
Use orange to complement the meal:
Ingredient
Orange

1,600-kcal diet
1 medium unit

2,100-kcal diet
1 large unit

Dinner
7. KWANGA
Ingredient
Cassava
Water

1,600-kcal diet
2,100-kcal diet
¾ xc
1 xc
As indicated by the recipe

Method of preparation:
Wash and peel the cassava. Remove and grate the fibers.
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Place the resulting dough in a large bowl. Add water to cover the dough. Cover with a clean cloth
and allow the dough to ferment in a warm place (not less than 20°C) for 4 days.
In a food processor, puree the fermented cassava paste.
Place the puree on a clean cloth and wring out all the water.
Put 500 milliliters of cold water in a salad bowl.
Using a medium-sized colander, refine the cassava paste as follows: immerse the bottom of the
colander in water; place the seasoned cassava paste on top of the water, and allow the paste to
become diluted in the water in the bowl.
After refining the casava paste, place the cassava liquid in a clean bag, and seal the bag. Allow the
cassava to soak up the water for 24 hours.
When all the water has been soaked up, remove the cassava paste from the bag. On a clean bench,
use a rolling pin to roll and knead small amounts of cassava paste. Make balls, and cover plastic
wrap.
Boil water in a pot. When the water boils, cook the dough balls for 10 to 15 min.
Remove the dough balls from the water. Stretch and grind the dough several times. This process
is important to create a good consistency. The process should take at least 15 minutes.
Serve with cooked lentils (raw amount to be cooked is provided), the sautéed yam leaves and chia
seeds (sprinkled on top):
Ingredient
Lentils
Yam leaves (taro leaves)
Chia (seeds)

1,600-kcal diet
⅓ xc raw grain
3 tablespoons
1½ tablespoons

2,100-kcal diet
½ xc raw grain
4 tablespoons
2 tablespoons

1,600-kcal diet
⅓ xc
½ teaspoon
2 tablespoons
⅓ teaspoon

2,100-kcal diet
½ xc
⅔ teaspoon
2½ tablespoons
⅔ teaspoon

DAY 3
Breakfast
8. CHECHEBSA
Ingredient
Rye flour
Berberê (African condiment)
Tahini
Korinima (black cardamom)
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Calcium-enriched soy milk
without sugar
Salt

1 cup

1⅓ cup

to taste

Method of preparation:
Mix the rye flour and salt.
Add half of the soy milk and mix well; add 2 more tablespoons of milk at a time, as needed, and
stir until homogeneous and with the consistency of a thin batter.
Pour the dough into a hot skillet over medium heat. Use the back of a wooden spoon to spread
the dough into a single layer.
Cook for 2 to 4 minutes or until the bottom is slightly golden.
Turn the dough and cook on the other side for 1 to 2 minutes or until lightly browned and fully
cooked.
When ready, add seasonings, and serve with tahini.

Lunch
9. INJERA*
Ingredient
Whole wheat flour
Water
Salt
Natural yeast (levain) or bread
yeast

1,600-kcal diet
5 tablespoons
½ xc
to taste
½ teaspoon

2,100-kcal diet
7 tablespoons
¾ xc
¾ teaspoon

Method of preparation:
Mix the flour, water, and yeast, and let it ferment (24 hours for yeast and 2 hours for bread yeast).
Then, mix in salt to taste.
In a nonstick frying pan, heat the dough on medium heat for 3 to 4 minutes and turn
Cook on the other side, and serve with shiro wat
* Adapted from https://sourdough.com/recipes/whole-wheat-injera
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10. SHIRO WAT
Ingredient
Chickpea flour
Onion
Tomato
Garlic
Tahini
Water
Berberê
Salt

1,600-kcal diet
2 tablespoons
4 tablespoons
2 tablespoons
1 clove
1 teaspoon
½ xc
1 teaspoon
to taste

2,100-kcal diet
3 tablespoons
5 tablespoons
3 tablespoons
1½ cloves
⅔ tablespoon
⅔ xc
⅔ tablespoon

Method of preparation:
Grind the onion, garlic and tomato, and sauté for 4 to 5 minutes until dry.
Add water, berber and tahini, and sauté for another 2 minutes.
Mix in about half of the chickpea flour.
Gradually add the chickpea flour and water and stir until thick.
Serve as a filling for the fresh injera.
Serve with boiled or grilled corn on the cob and a carrot and bean salad:
Ingredient
Carrot
Cowpeas
Corn on the cob

1,600-kcal diet
⅓ unit
⅓ xc
1 small unit

2,100-kcal diet
½ unit
½ xc
1 large unit

1,600-kcal diet
⅓ unit
⅓ unit
1 unit
½ unit
⅓ xc
⅓ unit
1 small unit
1½ tablespoons

2,100-kcal diet
½ unit
½ unit
1½ units
¾ unit
½ xc
½ unit
1 average unit
2 tablespoons

Snack
11. FRUIT SMOOTHIE
Ingredient
Avocado
Mango
Kiwi
Lemon (juice)
Spinach
Cucumber
Date
Chia seeds
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Method of preparation:
Chop the fruits.
Mix all ingredients in a blender with water to taste until obtaining the desired texture.

Dinner
12. ATAKILT WAT
Ingredient
Carrot
Potato
Cabbage
Garlic
Ginger
Onion
Cumin powder
Turmeric powder
Fenugreek seeds, whole or in
powder
Cardamom powder
Cinnamon powder
Clove powder
Black pepper powder
Salt
Water

1,600-kcal diet
2 tablespoons
1 small unit
⅔ xc
1 clove
½ teaspoon
2 tablespoons
to taste
to taste
to taste

2,100-kcal diet
3 tablespoons
1 average unit
1 xc
1½ cloves
⅔ teaspoon
3 tablespoons
to taste
to taste
to taste

to taste
to taste
to taste
to taste
to taste
½ xc

to taste
to taste
to taste
to taste
to taste
⅔ xc

Method of preparation:
In a nonstick frying pan, heat the water, and sauté the chopped garlic, grated ginger, chopped
onion and seasonings.
Add the carrot, potato, and cabbage.
Mix well, cover and cook for 30 minutes, stirring occasionally and adding more water if necessary.
Serve with misir wat and a cooked yam and tomato salad:
Ingredient
Yam (taro root)
Tomato

1,600-kcal diet
1 small unit
½ unit

2,100-kcal diet
1 large unit
⅓ unit
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13. MISIR WAT
Ingredient
Red lentils
Tomato
Tomato paste
Garlic
Ginger
Onion
Berberê
Coriander
Water

1,600-kcal diet
3 tablespoons
¾ unit
2 tablespoons
⅔ clove
½ teaspoon
3 tablespoons
½ teaspoon
1 tablespoon
¾ xc

2,100-kcal diet
4 tablespoons
1 unit
3 tablespoons
1 clove
⅔ teaspoon
4 tablespoons
⅔ teaspoon
1½ tablespoons
1 xc

Method of preparation:
Sauté the chopped garlic and onion in a little water over medium heat, until lightly browned
Add the chopped tomato, tomato paste, berber and salt, and cook for 5 minutes.
Add this stew to the lentils, add water, and cook over low heat, stirring occasionally for 20 to 30
minutes (adding more water if necessary) or until the lentils are tender.
Serve with atakilt wat, and a cooked yam and tomato salad.

DAY 4
Breakfast
14. FERMENTED MILLET PORRIDGE*
Ingredient
Millet
Soy milk
Sour cherry
Cinnamon
Nutmeg
Water (for fermentation)

1,600-kcal diet
3 tablespoons
⅔ xc
¼ xc
to taste
to taste
½ xc

2,100-kcal diet
4 tablespoons
¾ xc
⅓ xc
to taste
to taste
¾ xc

Method of preparation:
Mix millet and water in a glass container to ferment. Add 2 tablespoons of milk culture to
accelerate the fermentation or allow it to ferment naturally.
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Cover the container with a dish towel and allow it ferment for 2 to 5 days. Stir with a clean fork
once per day to stimulate fermentation.
Drain the fermentation liquid.
Place the drained millet, cinnamon, cherry, and soy milk in a pan, and bring to a boil.
Cook until all the liquid is absorbed (approximately 15 minutes).
Serve with chopped banana and chia seeds.
*Adapted from https://www.fermentingforfoodies.com/simple-fermented-millet/

Serve with chopped banana and chia seeds and with soy milk:
Ingredient
Banana
Chia
Soy milk

1,600-kcal diet
1 average unit
1 tablespoon
1 cup

2,100-kcal diet
1 large unit
1½ tablespoons
1⅓ cup

1,600-kcal diet
¾ xc
1 xc
1 medium unit
1 medium unit
½ unit
½ unit

2,100-kcal diet
1 xc
1⅓ xc
1 large unit
1 large unit
⅔ unit
⅔ unit

Lunch
15. PEA GITHERI *
Ingredient
Green corn
Fresh peas
Carrot
Potato
Onion
Chili pepper
Method of preparation:
Boil the corn and peas until tender.
Sauté the onion in a nonstick frying pan with a little water and add the other ingredients.
Add the corn and pea stew and add salt to taste.
Cover and cook for 10 minutes. Remove from heat and serve.
*Adapted from https://cookpad.com/ke/recipes/3723649-peas-githeri
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Complement the meal with mango:
Ingredient
Mango

1,600-kcal diet
½ unit

2,100-kcal diet
¾ unit

1,600-kcal diet
2 tablespoons
¼ unit
1 clove
¼ unit
1 tablespoon
½ xc
½ xc

2,100-kcal diet
3 tablespoons
⅓ unit
1½ cloves
⅓ unit
1½ tablespoons
⅔ xc
⅓ xc

Snack
16. NDEGU
Ingredient
Mung bean/moyashi
Onion
Garlic
Tomato
Tahini
Water
Soy milk without sugar
Method of preparation:
Let the beans soak for at least 8 hours, and discard the water
Boil water with salt and cook the mung beans for 30 minutes. Set aside.
In a large pot, sauté the garlic and onion in a small amount of water.
Then, add the chopped tomatoes, and cover and cook for 15 minutes.
Add the beans and dilute the tahini with soy milk.
Serve with whole-grain pita bread and grated cabbage:
Ingredient
Whole-grain pita bread
Cabbage

1,600-kcal diet
1 small unit
⅓ unit

2,100-kcal diet
1 average unit
½ unit

1,600-kcal diet
¾ unit
3 tablespoons
½ unit

2,100-kcal diet
1 unit
4 tablespoons
¾ unit

Dinner
17. MATOKE
Ingredient
Plantain
Onion
Tomato
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Green pepper
Garlic
Cayenne pepper
Olive oil

⅓ unit
1 clove
to taste
1 teaspoon

½ unit
1½ cloves
to taste
¾ tablespoon

Method of preparation:
Peel the banana, cut into cubes, and set aside.
Heat oil in a pan. Fry the onions, tomatoes, peppers, and garlic. Add spices to taste.
Reduce heat. Add the banana. Cover and cook over low heat until tender.
Serve hot, accompanied by cooked mung beans, peanut dressing and a kale and tomato salad:
Ingredient
Raw mung beans
Kale
Tomato

1,600-kcal diet
¼ xc
3 tablespoons
1 small unit

2,100-kcal diet
⅓ xc
4 tablespoons
1 average unit

18. PEANUT SAUCE (GROUNDNUT SAUCE)
Ingredient
Peanut
Hot water
Onion
Tomato
Salt

1,600-kcal diet
1 teaspoon
⅔ tablespoon
1 teaspoon
1 teaspoon
to taste

2,100-kcal diet
½ tablespoon
1 tablespoon
½ tablespoon
½ tablespoon
to taste

Method of preparation:
Grind all the ingredients in a blender
Heat until thickened and serve.

DAY 5
Breakfast
Ingredient
Toasted rye bread
Raw kidney beans

1,600-kcal diet
2 slices
2 tablespoons

2,100-kcal diet
3 slices
3 tablespoons
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Mushrooms
Avocado
Tomato

6 units
2 tablespoons
½ unit

8 units
3 tablespoons
⅔ unit

Cook the kidney beans for 30 minutes in water, season to taste, and set aside.
Sauté the mushrooms in water in a frying pan.
Chop the avocado and the tomato.
Top the toasted bread with the above prepared ingredients.

Lunch
19. CHAKALAKA
Ingredient
Raw white bean
Tomato
Green pepper
Red pepper
Carrot
Onion
Garlic
Ginger
Chili pepper
Curry
Coriander
Black pepper
Salt
Water

1,600-kcal diet
1½ tablespoons
½ unit
2 tablespoons
4 tablespoons
⅓ unit
½ unit
2 cloves
1 teaspoon
2 small units
¼ teaspoon
⅓ teaspoon
to taste
to taste
½ xc

2,100-kcal diet
2 tablespoons
¾ unit
3 tablespoons
5 tablespoons
½ unit
¾ unit
3 cloves
½ tablespoon
2 large units
⅓ teaspoon
½ teaspoon
to taste
to taste
¾ xc

Method of preparation:
Sauté garlic, chili pepper, onion and ginger in water and then add the curry; mix well. Add tomatoes
and cook over low heat for 10 minutes.
Add the peppers and carrots and cook for another 5 to 10 minutes.
Add the beans and water and continue cooking until the mixture reduces and thickens.
Remove from heat and add the coriander. If desired, add salt and black pepper.
Serve with the pumpkin quibebe (recipe below), cooked mung beans, and tahini:
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Ingredient
Raw mung bean
Tahini

1,600-kcal diet
¼ xc
1 tablespoon

2,100-kcal diet
⅓ xc
1½ tablespoons

Cook the mung beans in water, and season to taste.
Mix the tahini with water to taste to make a creamy dressing.
Serve with the chakalaka and quibebe.

20. PUMPKIN AND SPINACH QUIBEBE
Ingredient
Pumpkin (for kibbeh)
Garlic
Onion
Spinach
Water
Salt

1,600-kcal diet
1¼ xc
1 clove
3 tablespoons
⅓ xc
1 xc
to taste

2,100-kcal diet
1¾ xc
1½ cloves
4 tablespoons
½ xc
1½ xc
to taste

Method of preparation:
Finely chop the squash, onion, and garlic.
Sauté the onion and garlic with a little water.
Add the squash and the remaining water and cook over medium heat for 20 minutes until soft.
Add the spinach and seasonings, and sauté for another 5 minutes.
Serve with chakalaka, cooked mung beans and tahini (mentioned above).

Snack
21. CAPE MALAY WITH TOFU
Ingredient
Extra-firm tofu
Onion
Garlic
Green pepper
Ginger
Wine vinegar

1,600-kcal diet
½ xc
3 tablespoons
½ clove
3 tablespoons
½ teaspoon
½ teaspoon

2,100-kcal diet
¾ xc
4 tablespoons
1 small clove
4 tablespoons
¾ teaspoon
¾ teaspoon
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Vegetable broth
Dried apricot
Bay leaf
Turmeric powder
Coriander powder
Cumin powder
Chili powder
Cinnamon powder
Salt

⅔ xc
2 units
to taste
to taste
to taste
to taste
to taste
to taste
to taste

1 xc
3 units
to taste
to taste
to taste
to taste
to taste
to taste
to taste

Method of preparation:
Mix the seasonings and spices in a bowl.
Heat ⅓ cup of vegetable broth in a medium-sized pan.
Add the spice mixture and sauté for 30 seconds, stirring constantly; add more vegetable broth to
prevent sticking.
Add the onion and garlic, and sauté for another 3 minutes.
Add the remaining vegetable broth, chopped pepper, chopped dried apricots, and vinegar, and
bring to a boil.
Add the chopped tofu. Cover and cook for 20 minutes or until tender and plump.
Remove the bay leaves.
Serve with whole-grain pita bread and soy milk:
Ingredient
Whole-grain pita bread
Soy milk

1,600-kcal diet
1 small unit
1 cup

2,100-kcal diet
1 unit
1⅓ cup

1,600-kcal diet
4 tablespoons
½ xc
to taste

2,100-kcal diet
5 tablespoons
¾ xc
to taste

Dinner
22. PAP
Ingredient
Corn flour
Water
Salt

383

Method of preparation:
Mix all ingredients and cook until thick.

23. CHICKPEA CURRY
Ingredient
Carrot
Onion
Garlic
Cumin seeds
Red curry paste
Coconut milk
Raw chickpeas
Raw peas
Raw green beans
Fresh coriander
Water

1,600-kcal diet
4 tablespoons
2 tablespoons
½ clove
to taste
1 tablespoon
½ xc
¼ xc
2 tablespoons
2 tablespoons
1 teaspoon
1 xc

2,100-kcal diet
5 tablespoons
3 tablespoons
1 small clove
to taste
1½ tablespoon
¾ xc
⅓ xc
3 tablespoons
3 tablespoons
½ tablespoon
1⅓ xc

Method of preparation:
In a large pot, sauté the onions and garlic in water until transparent.
Add the spices and allow to incorporate. Add a little water to help with mixing.
Add the chopped pepper and carrot and cook for another 5 minutes.
Add the peas, green beans, and chickpeas (already cooked). Mix well and cook for another 5
minutes.
Add the coconut milk and salt and mix well.
Cover the pan and cook over medium heat for 10 minutes or until the carrots are soft, stirring
occasionally to avoid sticking.
Serve with pap and a cucumber salad with broccoli topped with chia seeds:
Ingredient
Broccoli
Cucumber
Chia seeds

1,600-kcal diet
5 tablespoons
½ unit
1 tablespoon

2,100-kcal diet
8 tablespoons
¾ unit
1½ tablespoon
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2. BRAZILIAN MENU
Débhora Cristina Pereira de Medeiros

Menu
Day 1

Day 2

Day 3

Day 4

Day 5

Breakfast

Banana
mashed/cut into
slices with chia
seeds and
cinnamon
(sprinkled on top),
whole-grain bread
and hummus

Oatmeal porridge
with soy milk
(with diced apple,
raisins, and
flaxseed)

Cabbage juice with
pineapple, mint,
chia seeds and
ginger, grilled tofu
with turmeric and
black pepper with
avocado and olive
oil

Tapioca with
chia seeds and
guacamole
and melon

Banana cake
topped with
molasses and
chia seeds,
tea/lemon balm
infusion, Brazil
nut

Lunch

Watercress salad
with mango and
diced red onion

Chicory salad with
plain lettuce

Arugula salad with
romaine lettuce

Endive salad
with black
olives

Brown rice

Moqueca baiana

Red cabbage,
greens, carrot,
apple and fresh
coconut salad

Brown rice +
carioca beans
Broccoli (steamed)
with tahini dressing

Baião de dois
Vegan feijoada

Brown rice
Braised
mustard

Braised kale
Sliced orange

Roasted
cauliflower
with
chimichurri

Roasted pumpkin
with paprika
Snack

Smoothie with
soybean milk,
papaya, oat flakes
and peanut paste
Or

Tangerine
Cashew nut

Whole-grain bread
with tahini and
molasses
Soy milk with
strained coffee

Pumpkin seed
Strawberries

Fresh peas
sautéed with
tomato and
onion
Mixed puree
(potato, cassava
and carrot)
Whole-grain
bread with
cashew nut
butter and
guava jam
Coconut water

Papaya with oat
flakes and peanut
paste and 1 cup
of cold/hot soy
milk
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Dinner

Complete Soup:
white bean soup
with cassava and
endive

Tabule de quinoa
(quinoa salad
with cucumber,
tomato, carrot,
and mint)
Chickpea burger
+ olive oil (for
grilling)

Caprese tofu salad
with tomato and
basil

Chickpea salad
with tomato,
parsley, and
tahini dressing

Whole-grain pasta
with lentil
Bolognese

Complete Soup:
Lentil soup with
cassava and
kale

Soft polenta
with
watercress

braised catalonia,
cooked beets

General observations:
— Most cooked, roasted, or braised preparations are made in water instead of fat. When
required, the addition of fat is mentioned in the recipe or in the menu description.
— Garlic and onion are used in the preparation of rice and beans, as described in the menu.
— The calculations for all foods are based on the USDA table, except for molasses and baking
powder, for which TACO (Brazilian Food Composition Table) is used.
— The use of 6 g of salt (1 teaspoon) per day was considered for each menu.

Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of
the guide.
The mean nutritional values for the 5-day menu, compared to the needed values, are provided below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8
275
1,100
1,045
2,310
2,090

Calculated
1,606.7
58.2
27.7
14.1
1.2

Adequacy (%)

720.2
2,097.0
2,278.2
3,913.3
2,836.1

261.9
190.6
218.0
169.4
135.7

150
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Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

1,045.00
1,815.00
1,320
770
25
12.00
1.76
4 to 1

1,548.8
4,277.9
2,720.5
1,382.8
48.9
11.3
3.9
2.9 to 1

148.2
235.7
206.1
179.6
195.5
94.3
223.3

1,000
18
8
75

1,024.5
18.3
10.5
331.2

102.5
101.7
131.5
441.6

Calculated
2,113.7
58.5
27.9
13.6
1.1

Adequacy (%)

350
1,400
1,330
2,940
2,660
1,330
2,310
1680
980
25
17
2.31
4 to 1

918.8
2,710.3
2,929.3
5,033.1
3,643.2
1,992.3
4,954.2
3,512.2
1,766.8
64.2
14.5
4.7
3.1 to 1

262.5
193.6
220.2
171.2
137.0
149.8
214.5
209.1
180.3
256.8
85.3
201.6

1000
8
11
90

1304.1
23,3
13.5
449.1

130.4
291.8
123.1
499.0

For 2,100-kcal:
Needed
2,100
45-65%
25-35%
10-35%
0.8

137.5

In addition to food, we suggest the following (in the absence of monitoring by a health professional):
— Vitamin B12: 500 μg/day;
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— Vegan vitamin D2 or D3: 2,000 IU/d (if sun exposure is insufficient); and
— Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine).

RECIPES

DAY 1
Breakfast
Ingredient
Banana ‘Prata’
Chia seeds
Cinnamon powder
Coconut flakes
Whole-grain bread
Hummus

1,600-kcal diet
1 average unit
2 tablespoons
1 teaspoon
-2 slices
1 tablespoon

2,100-kcal diet
1 large unit
2 tablespoons
1 dessertspoon
1 teaspoon
2 slices
2 tablespoons

Method of preparation:
Mash the banana with a fork or cut it into slices. Add the chia seeds to the banana and sprinkle
with cinnamon powder.
Cover the bread slices with hummus.

Lunch
Ingredient
Watercress
Mango
Red onion
Brown rice
Carioca bean
Broccoli steamed
Roasted pumpkin with paprika
Garlic
Onion
Spicy paprika

1,600-kcal diet
1 dessert plate
¼ of mango
1 tablespoon (chopped)
2 tablespoons (uncooked)
⅓ xc
1 xc
1 xc (raw, minced)
⅓ clove
1 medium slice
1 pinch

2,100-kcal diet
1 full dessert plate
¼ of mango
1 tablespoon (chopped)
4 tablespoons (uncooked)
½ xc
1 xc
1⅓ xc (raw, minced)
⅓ clove
1 medium slice
1 pinch
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Prepare the watercress, arugula, and onion salad. Cut the mango into cubes and the onion into
small cubes.
Sprinkle paprika on the squash and bake in the oven.
Steam the broccoli.
Serve the squash and broccoli with cooked brown rice and carioca beans. Cook rice and beans with
garlic and onions.

1. TAHINI SAUCE
Ingredient
Tahini
Lemon juice
Salt
Water

1,600/2,100-kcal diets
2 tablespoons
1 tablespoon
1 pinch
30 ml

Yield
1,600-kcal diet
2,100-kcal diet

5 tablespoons
1 tablespoon
1½ tablespoons

Method of preparation:
Place all the ingredients in a mixer.
Mix.
Adjust the amount of water based on the desired texture.
Serve over steamed broccoli.

Snack
Ingredient
Soy milk
Papaya ‘Formosa’
Oat flakes
Peanut paste

1,600-kcal diet
1 cup
1 medium slice
1 tablespoon
1 tablespoon

Method of preparation 1:
Smoothie: mix all ingredients in a blender.

2,100-kcal diet
1 cup (300 ml)
2 medium slices
1 tablespoon
1 tablespoon
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Method of preparation 2:
Cut the papaya into slices and add the oatmeal and peanut paste on top. Drink soy milk separately
(hot or cold).
Dinner

2. WHITE BEAN SOUP, ARRACACHA AND SCAROL SOUP

Ingredient
Raw white beans
Raw carrots
Raw arracacha
Escarole
Onion
Oil
laurel
Salt
Water

1,600/2,100-kcal diets
1¼ xc
2 units
2 units
6 large leaves
1 average unit
2 tablespoons
1 leaf
1 pinch
1.5 liters

Yield
1,600-kcal diet
2,100-kcal diet

3 portions of 300 g
1 plate (300 g)
1 full plate (400 g)

Method of preparation:
Let the white beans soak the day before for approximately 8 hours. Drain.
In a frying pan, sauté the onion in a little water until it softens.
Add the carrot, arracacha (cubeb) and white beans (drained) with seasonings in boiling water.
Cook until soft.
Add the endive at the end of the preparation or chop and line the dish before adding the soup.
Add olive oil.
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DAY 2
Breakfast

Ingredient
Banana ‘Prata’
Soy milk
Oat flakes
Raisin
Flax seed
Fuji apple

1,600-kcal diet
1 average unit
1 cup
3 tablespoons
1 tablespoon
1 tablespoon
½ average unit

2,100-kcal diet
1 large unit
1 cup (300 ml)
4 tablespoons
1 tablespoon
2 tablespoons
1 average unit

Method of preparation:
Prepare the oat porridge with soy milk.
Place in a container.
Add crushed flax seed, apple (cubed) and raisins.

Lunch
Salad and brown rice
Ingredient
Chicory
Plain lettuce
Brown rice
Braised kale
Olive oil
Orange

1,600-kcal diet
3 raw leaves
3 leaves
¼ xc (raw)
4 raw leaves
1 teaspoon
¼ of orange

2,100-kcal diet
3 raw leaves
4 leaves
4 tablespoons
4 raw leaves
1 teaspoon
¼ of orange

Method of preparation:
Prepare the chicory salad with lettuce. Cut the chicory into thin strips and mix with whole lettuce
leaves.
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Sauté the kale in water and serve with brown rice, the veal feijoada and sliced orange. Top with
olive oil.

3. VEGAN BEANS
Ingredient
Raw black beans
Pumpkin
Yam
Smoked Tofu
Fresh coconut
Tomato
Onion
Parsley
Garlic
Salt

For both profiles
½ xc
4 cups (chopped)
1 average unit
½ thin slice – 40 g
1 small piece – 20 g
2 cups (diced)
2 cups (diced)
1 tablespoon
1 clove
1 pinch

Yield
1,600-kcal diet
2,100-kcal diet

1 serving
½ portion
⅔ portion

Method of preparation:
Let the beans soak for at least 12 hours.
Discard the water and cook with fresh water.
Cook in pressure cooker for 20 to 25 minutes or in a pan until the beans are soft. Set aside.
Brown olive oil, garlic, and onion in a pan.
Add the diced yam and squash. Add salt and cook for 5 minutes to soften (if necessary, add a few
tablespoons of water).
Add the chopped coconut and smoked tofu.
Pour this stew into the cooked beans, and boil for 10 or 15 minutes. Add salt, if desired, and add
the tomato (cubed). Stir well and turn off the heat.
Top with chopped parsley.
Serve with rice, cabbage, and sliced orange.
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Snack
Ingredient
Cashew nut
Tangerine

1,600-kcal diet
12 nuts
1 small unit

2,100-kcal diet
16 nuts
2 large units

Method of preparation:
Consume tangerine and cashew nuts.

Dinner
Quinoa tabbouleh with vegetables
Ingredient
Quinoa (tricolor or white)
Mint
Cucumber
Tomato
Grated carrot
Cooked beets
Braised catalonia
Olive oil

1,600-kcal diet
2 dessertspoons
4 leaves
2 tablespoons
2 medium slices
2 tablespoons
3 medium slices
2 x raw
1 coffee spoon

2,100-kcal diet
2 dessertspoons
4 leaves
2 tablespoons
2 medium slices
2 tablespoons
3 medium slices
2 x raw
1 coffee spoon

Method of preparation:
Quinoa tabbouleh: Prepare the cooked quinoa salad. Add the tomato and diced cucumber.
Add the grated carrot and mint leaves.
Serve with cooked beets, braised catalonia and the chickpea hamburger.
Use olive oil to broil the chickpeas.

4. CHICKPEA HAMBURGER
Ingredient
Chickpeas
Oat flour
Red pepper
Parsley
Cayenne pepper
Salt

1,600/2,100-kcal diets
1⅓ xc
1 tablespoon
2 tablespoons, chopped
1 tablespoon
½ coffee spoon
1 pinch
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Yield
1,600-kcal diet
2,100-kcal diet

4 hamburgers
1 hamburger
1½ hamburgers

Method of preparation:
Let the chickpeas soak for 24 hours.
Drain the chickpeas well and mix in a processor with the other ingredients.
Season with salt and pepper.
Let stand for 2 hours.
Shape the hamburgers.
Heat a frying pan with a drizzle of olive oil and brown both sides of the hamburgers.

DAY 3
Breakfast

Ingredient
Raw kale
Pineapple
Mint
Ginger
Chia
Tofu
Olive oil
Turmeric and black pepper
Avocado

1,600-kcal diet
2 leaves
2 medium slices
2 leaves
1 medium slice
2 tablespoons
1 slice
½ teaspoon
a pinch – 1 coffee spoon
1 small piece

2,100-kcal diet
2 leaves
3 medium slices
2 leaves
1 medium slice
2 tablespoons
1 medium slice
½ teaspoon
a pinch – 1 coffee spoon
1 medium piece
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Method of preparation:
Kale juice: mix kale, pineapple, mint, ginger, chia and water in a blender.
Tofu with avocado: broil tofu in olive oil and season with turmeric and black pepper. Place on a
plate. Add avocado on top.

Lunch
Ingredient
Arugula
American lettuce
Brown rice

1,600-kcal diet
1 bunch
3 leaves
¾ xc (uncooked)

2,100-kcal diet
1 bunch
3 leaves
5 xc (uncooked)

Method of preparation:
Prepare the arugula and romaine salad. Leave the leaves whole.
Serve the brown rice with the moqueca baiana.

5. MOQUECA BAIANA
Ingredient
Plantain
Red pepper
Green pepper
Onion
Tomato
Parsley
Coriander
Palm oil
Coconut milk
Salt

1,600/2,100-kcal diets
1 large unit
2 tablespoons (chopped)
2 tablespoons (chopped)
1 tablespoon
3 tablespoons
2 tablespoons
1 dessertspoon
½ dessertspoon
2 tablespoons
1 pinch

Method of preparation:
Cut the peppers, onions, and tomatoes into slices.
Layer in a frying pan.
Chop the parsley and throw it over the top. Add a pinch of salt and drizzle with coconut milk.
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Bring to a boil over low heat with the pan covered.
Cut the plantain into slices in a frying pan. Add bell peppers.
While heating, add the palm oil and salt (if desired).
After boiling for 3 to 4 minutes, remove from heat and top with chopped coriander.
Serve with rice.

Snack
Ingredient
Whole-grain bread
Tahini
Molasses
Soy milk

1,600-kcal diet
2 slices
1 tablespoon
1 dessertspoon
1 xc

2,100-kcal diet
3 slices
1½ tablespoon
1 tablespoon
1 xc

Method of preparation
On 1 slice of bread, spread tahini; on the other, spread molasses.
Drink hot soy milk with strained coffee.

Dinner
7. CAPRESE TOFU SALAD WITH TOMATO
Ingredient
Tofu
Tomato
Basil
Method of preparation:
Cut the tofu and tomato into slices.
Serve the tofu with the tomato on top.
On top of the tomato, place a basil leaf.
Finally, add the olive oil.

1,600/2,100-kcal diets
1 medium slice – 100 g
2 medium slices
2 leaves
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8. LENTIL BOLOGNESE SAUCE
Ingredient
Tomato Sauce
Lentils
Masala
Water

1,600-kcal diet
2½ tablespoons
¼ xc
a pinch
1 cup

2,100-kcal diet
5 tablespoons
⅓ xc.
a pinch
1 cup

Method of preparation:
Sauté the garlic and onion in the oil.
Add the drained lentils (raw) and sauté.
Add seasonings, salt, and tomato sauce.
Stir well and add water to cook the lentils.
Serve over pasta.

DAY 4
Breakfast
Ingredient
Tapioca
Avocado
Oil
Lemon
Tomato
Chia
Green melon

1,600-kcal diet
2 tablespoons
1 small piece
1 coffee spoon
½ unit
1 medium slice
2 tablespoons
1 medium slice

2,100-kcal diet
3 tablespoons
1 medium piece
1 coffee spoon
½ unit
1 medium slice
2 tablespoons
2 medium slices

Method of preparation:
Mix the chia seeds in the tapioca. Place the mix in the frying pan and make the tapioca.
Add guacamole to the tapioca with guacamole. Mash the avocado, and add diced tomatoes, olive
oil and lemon juice.
Serve with melon.

398

Lunch
Salad
Ingredient
Escarole
Black olives
Roasted cauliflower with
chimichurri
Mustard greens

1,600-kcal diet
⅔ xc
4 units
2 medium branches

2,100-kcal diet
1 bunch
5 units
4 medium branches

2 xc (raw)

2 xc (raw)

Method of preparation
Endive salad with black olives: cut the endive into thin slices and add the black olives.
Season the cauliflower with chimichurri and lightly bake.
Sauté the mustard greens in water.
Serve the mustard greens and roasted cauliflower with the baião de dois.
9. BAIÃO DE DOIS
Ingredient
Brown rice
Black -eyed beans
Garlic
Diced onion
Chives
Parsley
Lemon
Oil

1,600-kcal diet
2 tablespoons
⅓ xc
1 unit
2 tablespoons
1 tablespoon
1 tablespoon
½ unit
½ teaspoon

2,100-kcal diet
¼ xc
⅓ xc
1 unit
2 tablespoons
1 tablespoon
1 tablespoon
½ unit
1 teaspoon

Method of preparation:
Let the beans soak for 12 hours. Discard the water and cook in fresh water until tender. Prepare
the brown rice in salted water until tender.
Set aside.
In a frying pan with a drizzle of olive oil, sauté the garlic and onion, and add the beans, without
broth, and the cooked rice.
Stir well and add salt (if desired).
Add the shallots and parsley.
Serve with roasted cauliflower and braised mustard
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Snack
Ingredient
Pumpkin seeds
Strawberry

1,600-kcal diet
2½ tablespoons
4 average units

2,100-kcal diet
3 tablespoons
12 average units

Method of preparation:
Consume pumpkin seeds and strawberries.

Dinner
Ingredient
Raw chickpea
Parsley
Tomato
Tahini Sauce

1,600-kcal diet
¼ xc
1 tablespoon
1 medium slice
1 tablespoon

2,100-kcal diet
¼ xc
1 tablespoon
1 medium slice
1½ tablespoons

Method of preparation:
Chickpea salad: cook the chickpeas and drain the broth. Allow to cool.
Add the diced tomato and the chopped parsley.
Add tahini dressing.

10. POLENTA WITH WATERCRESS
Ingredient
Cornmeal
Watercress
Oil
Onion
Garlic
Turmeric
Salt

For both profiles
1 xc
1 bunch
1 teaspoon
2 tablespoons
1 clove
1 pinch
1 pinch

Yield
1,600-kcal diet
2,100-kcal diet

3 servings
⅓ portion
½ portion
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Method of preparation:
Cook polenta with the olive oil.
Add the onion and garlic and cook until soft.
Add the turmeric and chopped watercress.
Stir well until the watercress wilts.
Add water and bring to a boil.
Add salt (if desired) and cornmeal (dissolved in water). Boil and stir well to avoid lumps.
Cook for 10 to 15 minutes in a semicovered pan, stirring occasionally.
Remove from heat and serve.

DAY 5
Breakfast
11. BANANA CAKE

Ingredient
Banana ‘Nanica’
Seedless raisins
Oat flakes
Sunflower oil
Cinnamon powder
Baking powder

For both profiles
2 units
½ xc
1 xc
¼ xc
1 teaspoon
1 tablespoon

Yield
1,600-kcal diet
2,100-kcal diet

11 cup cakes
2 cup cakes
3 cup cakes
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Method of preparation:
Blend the banana, oil, and raisins in a blender.
Add the remaining ingredients and bake in a small pan (approximately 28 cm) or in a cupcake pan
(yields 11 units).

If you like, decorate with banana slices before serving.
Ingredient
Chia (seeds)
Molasses
Citron tea
Brazil nut

1,600-kcal diet
1 tablespoon
1 dessertspoon
1 xc
1 unit

2,100-kcal diet
1 tablespoon
1 tablespoon
1 xc
1 unit

Method of preparation
Top cake with molasses and chia seeds.
Serve with lemon balm and Brazil nut tea.

Lunch
Salad
Ingredient
Tomato
Onion
Fresh pea
Apple
Cabbage
Grated carrot
Fresh coconut (chips)

1,600-kcal diet
½ unit
1 tablespoon
1½ xc
¼ unit
1 head
1 tablespoon
2 teaspoons

2,100-kcal diet
½ unit
1 tablespoon
1½ xc
¼ unit
1 head
1 tablespoon
2 teaspoons

Method of preparation
Salad: Cut the cabbage into thin slices. Add the grated carrot, coconut flakes and apple (cubed).
Sauté the fresh peas with tomato and onion. Serve as a mixed puree.
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12. MIXED PUREE
Ingredient
Potato (chopped)
Minced carrots
Minced cassava
Nutmeg
Salt

1,600-kcal diet
⅔ xc
⅓ xc
⅓ xc
1 pinch
1 pinch

2,100-kcal diet
1⅓ xc
⅔ xc
⅔ xc
1 pinch
1 pinch

Method of preparation:
Cook the potatoes with the seasonings.
Mix with water in a food processor.
Serve with braised peas.

Snack
Sandwich
Ingredient
Whole-grain bread
Coconut water

1,600-kcal diet
2 slices
1 cup (350 ml)

2,100-kcal diet
2 slices
1 cup (450 ml)

Spread cashew butter and guava jam on the whole-grain bread.
Serve with coconut water.

13. CASHEW NUT BUTTER
Ingredient
Cashew nuts
Soy milk
Salt

For both profiles
1 xc
1 xc
1 pinch

Yield
1,600-kcal diet
2,100-kcal diet

10 tablespoons
1 tablespoon
1 ½ tablespoons
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Method of preparation:
Boil the cashew nuts.
Blend in a mixer.
Add soy milk and salt, and whisk until the consistency was homogeneous.
Serve on bread with guava jam.

14. GUAVA JELLY
Ingredient
Guava
Apple
Lemon juice

For both profiles
3 average units
1 unit
1 unit

Yield
1,600-kcal diet
2,100-kcal diet

10 dessertspoons
1 dessertspoon
2 dessertspoons

Method of preparation:
Place the apple with peel in water until soft. No need to strain.
Add the lemon juice.
Cook the guava with the apple juice until it becomes jam.
Stir occasionally during cooking.
Serve on bread with cashew nut butter

Dinner
15. FULL SOUP: LENTIL SOUP WITH CASSAVA AND KALE
Ingredient
Raw lentils
Cassava
Kale
Olive oil
Leek

1,600-kcal diet
⅓ xc
1 medium piece
2 leaves
1 teaspoon
1 tablespoon

2,100-kcal diet
½ xc
1 large piece
3 leaves
1½ teaspoon
1½ tablespoon
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Salt
Water

1 pinch
SQ

1 pinch
SQ

Method of preparation
Soak the lentils the day before for approximately 8 hours. Drain.
In a frying pan, sauté the leeks in oil until slightly softened.
Add diced cassava and the drained lentils and seasonings. Boil in water and cook until soft.
Add the kale at the end of the preparation (finishing), or chop the kale and line the dish before
serving the soup.
If preferred, blend the cooked cassava in a mixer and use it to thicken the broth.
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3. CHINESE MENU
Maria Julia Rosa Cauduro Rosa

Presentation message

Menus
Day 1

Day 2

Day 3

Day 4

Day 5

Breakfast

Congee with mung
beans and vegetables
(Chinese cabbage,
shitake, and chives),
with ground flaxseed
and sesame + acerola

Noodles and
vegetables
(radish, carrots,
turnip, cucumber,
chilis, sesame and
chia sprouts)

Tofu pudding
(tofu, soy milk,
chia, Chinese
dates, apple, and
clove)

Millet porridge
with apple (soy
milk, millet,
glutinous rice
and oats, apple,
anise, and
ground flaxseed)

Chinese bread (baozi)
stuffed with seasoning
and roasted Chinese
kale and soybeans,
served with tahini

Lunch

Mapo Tofu (spicy tofu
with fermented black
beans, shitake, ginger,
chives, and cilantro)
served with cooked
quinoa and a
cucumber and garlic
salad seasoned with
soy shoyu and pepper
flakes

Steamed tofu
with shitake
mushrooms
served with
brown rice and a
cauliflower salad,
Chinese cabbage,
kale, ginger, and
pepper +
grapefruit

Brown rice, azuki
beans with green
beans, ginger, and
garlic, with
steamed broccoli
with black pepper
+ cherries

Spicy lotus root
(with light
soybean, chilis
and sesame),
with cooked rice
and edamame
and carrots and
a cauliflower +
tangerine salad

Kung Pao Tofu (tofu
with maple syrup,
soybeans, pepper mix,
red and green pepper,
peanut, ginger, and
chives) with brown rice
and a Chinese cabbage,
radish, and carrot salad
with lemon juice

Snack

Soy milk + roasted
sweet potato topped
with sunflower seeds

Soy milk with
Chinese cinnamon
+ persimmon with
crushed flaxseed

Zongzi (glutinous
rice with dry
shitake, pumpkin,
chickpeas, mung
beans and
peanuts), soy milk
and almonds

Fermented tofu
(stinky tofu, sold
locally) with
pear and prunes

Salty oat and potato
cake (whole-wheat flour
and fresh coriander) +
soy milk
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Dinner

Sautéed eggplant
with enoki
mushrooms,
edamame, roasted
potato, and carrots
and chopped tomato

Corn stew, miso,
and chives +
pomegranate

Yunnan puree
(potato and celery)
with cooked blackeyed peas,
steamed or braised
moyiashi bean
sprouts, chopped
tomato and
toasted sesame

Harusame
noodles with
spinach and
shitake
mushrooms,
with seasonings,
soybean sprouts,
chilis, black
pepper and
ground sesame

Sautéed vegetables
(eggplant, green beans,
Chinese cabbage,
ginger, garlic and chilis),
with millet and
soybeans in cooked
grains

Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of
the guide.
The mean nutritional values for the 5-day menu, compared to the needed values, are provided
below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8

Calculated
1,615
58.2
23.9
18.0
1.6

Adequacy (%)

275
1,100
1,045
2,310
2,090
1,045.00
1,815.00
1,320
770
25
12.00
1.76
4 to 1

861
2,700
2,930
5,086
3,661
1,895
5,596
3,405
1,748
44.8
15.0
4.8
3.1 to 1

313.1
245.5
280.4
220.2
175.2
181.3
308.3
257.9
227.0
179.2
125.0
273.9

1,000
18
8
75

1,178.8
21.7
12.5
278.0

117.9
120.7
155.8
370.6

200
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Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

2,100-kcal diet
Needed
2,100
45-65%
25-35%
10-35%
0.8

Calculated
2.115,9
57.4
24.8
17.9
1.38

Adequacy (%)

350
1,400
1,330
2,940
2,660
1,330
2,310
1,680
980
25
17
2,31
4 to 1

1069.6
3,354.9
3,608.9
6,258.1
4,460.0
2,361.8
6,874.1
4,178.3
2,145.4
55.2
19.5
6.3
3.1 to 1

305.6
239.6
271.3
212.9
167.7
177.6
297.6
248.7
218.9
220.7
114.6
272.4

1,000
8
11
90

1,496.2
27.0
15.5
353.1

149.6
337.2
141.0
392.3

172.5

In addition to food, we suggest the following (in the absence of monitoring by a health
professional):
—
—
—

Vitamin B12: 500 μg/day;
Vitamin D2 or D3 vegan: 2,000 IU/d (if sun exposure is insufficient); and
Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine).

409

RECIPES
DAY 1
Breakfast
1. BROWN RICE CONGEE WITH BEANS AND VEGETABLES
Ingredient
Brown rice
Raw mung beans
Shitake mushroom
Chinese cabbage (bok choy)
Scallions
Roasted sesame seeds
Flaxseed

1,600-kcal diet
3 tablespoons
⅓ xc
½ xc
1 xc
1 teaspoon
1 tablespoon
1 tablespoon

2,100-kcal diet
5 tablespoons
½ xc
⅔ xc
1½ xc
1 tablespoon
2 shallow spoons
2 shallow spoons

Method of preparation:
In a pan, sauté the shiitake mushrooms until soft.
Add the rice and mung beans, and cover with water and boil.
Stir the congee occasionally to prevent the rice from sticking to the bottom.
After 1 hour, add coarsely chopped kale.
Continue cooking for another 30 minutes or until reaching the consistency of porridge.
For a finer consistency, add more water during cooking.
Top with chives, crushed flaxseed, and toasted sesame seeds.

Use a portion of acerolas to complement the meal:
Ingredient
Acerola

1,600-kcal diet
6 units

2,100-kcal diet
10 units
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Lunch
2. MAPO TOFU*
Ingredient
Shitake
Tofu
Dehydrated red pepper
Black beans (fermented)
Garlic
Ginger
Soy sauce (reduced sodium)
Sesame (ground)
Ground red pepper (Sichuan)
Corn starch
Chives
Coriander
Water

1,600-kcal diet
½ xc
½ xc
½ teaspoon
1 tablespoon
1 clove
½ teaspoon
½ teaspoon
⅓ teaspoon
to taste
½ teaspoon
1 teaspoon
½ teaspoon
⅔ xc

2,100-kcal diet
⅔ xc
⅔ xc
⅔ teaspoon
1½ tablespoons
1½ cloves
⅔ teaspoon
⅔ teaspoon
½ teaspoon
to taste
⅔ teaspoon
½ tablespoon
⅔ teaspoon
1 xc

Method of preparation:
Remove the stem from the mushrooms. Make a light mushroom broth by boiling the stalks in
water for 15 minutes; strain and set aside (discard the stalks).
Cut the remaining mushrooms into cubes and set aside.
Cut the tofu into cubes, and boil in salted water for 15 minutes; drain.
In a wok or large skillet over medium heat, add the red pepper and black beans and cook, stirring
until perfumed, approximately 1 minute.
Add the garlic and ginger and bring to a boil.
Add the mushrooms, soybeans, sesame oil and pepper.
Add 1 cup of the mushroom broth and cook the mixture gently for 2 minutes.
Add the tofu cubes carefully. Using a wooden spoon, stir the pan to distribute the dressing. Avoid
breaking the tofu.
Drizzle with the cornstarch and water mixture, gently stirring to incorporate (the dressing will
thicken), and cook the tofu in the dressing for another 2 minutes.
Dilute with a little of the mushroom broth, if necessary.
Transfer to a bowl or shallow plate.
Sprinkle with chives and coriander sprigs and serve.
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*Adapted from https://cooking.nytimes.com/recipes/1017358-vegan-mapo-tofu
Serve with quinoa cooked in water and seasoned cucumber using the ingredients below:
Ingredient
Raw quinoa
Japanese cucumber
Garlic
Rice vinegar
Light soy sauce
Flaked red pepper

1,600-kcal diet
½ xc
½ xc
1 clove
½ tablespoon
1 teaspoon
¼ teaspoon

2,100-kcal diet
⅔ xc
⅔ xc
2 cloves
⅔ tablespoon
1 teaspoon
⅓ teaspoon

Ingredient
Baked sweet potato
Roasted sunflower seeds
Soy milk without sugar

1,600-kcal diet
1 average unit
1 tablespoon
1 cup

2,100-kcal diet
1 large unit
2 shallow spoons
1 ⅓ cup

Snack

Method of preparation:
Bake the sweet potato in thin slices.
When well roasted, mash and sprinkle with roasted sunflower seeds.
Drink soy milk.

Dinner
3. EGGPLANT WITH ENOKI MUSHROOM, EDAMAME AND ROASTED RUSSET POTATO
Ingredient
Eggplant
Enoki mushrooms
Edamame
Potato (Russet)
Carrot
Garlic
Onion (shallots)
Tomato

1,600-kcal diet
½ unit
½ xc
1 xc
1 average unit
⅓ xc.
1 clove
1 small unit
½ unit

2,100-kcal diet
⅔ unit
⅔ xc
1½ xc
1 large unit
½ xc.
1½ cloves
1 average unit
⅔ unit
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Method of preparation:
Dice and sauté the onion, garlic, eggplant and enoki mushrooms.
Add the edamame to the stew.
Cube and bake or cook the potato and carrots in water. Mix with the stew.
Top with chopped tomato and serve.

DAY 2
Breakfast
4. NOODLES WITH VEGETABLES
Ingredient
Macaroni (noodles)
Radish sprouts
Carrot
Turnip
Cucumber
Roasted sesame
Chia
Chili pepper

1,600-kcal diet
¼ xc
3 tablespoons
3 tablespoons
4 tablespoons
3 tablespoons
1 tablespoon
1 tablespoon
1 small unit

2,100-kcal diet
⅓ xc
4 tablespoons
4 tablespoons
5 tablespoons
4 tablespoons
2 shallow spoons
2 shallow spoons
1 unit

Method of preparation:
Chop the radish, carrots, turnips and cucumber into thin strips.
Place vegetables, except cucumber, in a pot.
Sauté until tender, approximately 5 minutes.
Add cooked pasta and cucumber, and stir-fry until well combined.
Sprinkle with chia seeds and sesame seeds and serve.
Lunch
5. STEAMED TOFU WITH MUSHROOMS
Ingredient
Tofu
Shitake mushrooms

1,600-kcal diet
½ xc
½ xc

2,100-kcal diet
⅔ xc
⅔ xc
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Method of preparation:
Cut the tofu and mushrooms into small pieces.
In a pot, boil ½ xc of water.
When boiling, place a steaming basket on top of the pot and add the tofu and mushrooms.
When soft, remove and serve with brown rice and a salad.

Snack
Ingredient
Soy milk without sugar
Persimmon
Flaxseed
Chinese cinnamon (cassia)

1,600-kcal diet
1 cup
1 small unit
2 tablespoons
½ teaspoon

2,100-kcal diet
1⅓ cup
1 average unit
3 tablespoons
⅔ teaspoon

Method of preparation:
Finely chop the persimmon and sprinkle with flaxseed.
Mix the cinnamon in the soy milk.

Dinner
6. CORN TEMPEH
Ingredient
Tempeh
Corn
Miso
Chives
Water

1,600-kcal diet
⅓ xc
⅔ xc
1 teaspoon
1 tablespoon
1 xc

Method of preparation:
In a pot, boil the water and cook the threshed corn.
When very soft, add the seasoning and miso and stir well.
Serve hot topped with chopped chives.
Use a pomegranate to complement the meal:

2,100-kcal diet
⅔ xc
1 xc
1½ teaspoon
1½ tablespoon
1 ⅓ xc
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Ingredient
Pomegranate

1,600-kcal diet
⅓ unit

2,100-kcal diet
⅔ unit

1,600-kcal diet
1 xc
1 cup
1 tablespoon
2 units

2,100-kcal diet
1½ xc
1 medium glass
2 shallow spoons
3 units

1 average unit
2 units

1 large unit
3 units

DAY 3
Breakfast
7. TOFU PUDDING
Ingredient
Tofu (soft)
Soy milk without sugar
Chia
Chinese dates (jujube or red
date)
Apple
Carnation
Method of preparation:
In a blender or mixer, add tofu, soy milk, dates, chia seeds and cloves and blend until homogeneous.
Heat and stir until thickening slightly. Add the chopped apple and stir for another 3 minutes.

Lunch
8. BROWN RICE AND AZUKI BEANS WITH VEGETABLES
Ingredient
Azuki beans
Brown rice
Peas
Broccoli
Ginger
Garlic
Black pepper

1,600-kcal diet
¼ xc
¼ xc
½ xc
1 xc
1 tablespoon
1 clove
¼ teaspoon

2,100-kcal diet
⅓ xc
⅓ xc
⅔ xc
1½ xc
1½ tablespoons
1½ cloves
⅓ teaspoon

Method of preparation:
In a pan, boil water, add the brown rice, and cook for 30 to 40 minutes.
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In another pan, sauté the garlic, ginger, and peas; add the beans and enough water to cover he
beans. Boil for 40 minutes, adding more water, if necessary, until the beans soften. Serve with or
without broth (if not with broth, beans can be stored for use with other recipes).
Steam the broccoli and serve with black pepper
Use cherries to complement the meal:
Ingredient
Cherry

1,600-kcal diet
½ xc

2,100-kcal diet
⅔ xc

1,600-kcal diet
3 tablespoons
1 average unit
1 teaspoon
1 teaspoon
1 teaspoon
⅔ tablespoon
½ teaspoon
2 units

2,100-kcal diet
4 tablespoons
2 small units
⅔ tablespoon
⅔ tablespoon
⅔ tablespoon
1 tablespoon
⅔ teaspoon
3 units

Snack
9. ZONGZI (RICE DUMPLINGS)*
Ingredient
Glutinous rice
Dry shitake mushrooms
Peanuts
Mung beans without shell
Chickpeas
Cabotiá pumpkin
Shoyu (light)
Bamboo leaves
Method of preparation:
The night before:
Soak the bamboo leaves in water overnight.
Wash the glutinous rice and dried shiitake mushrooms and soak them in separate bowls overnight.
The next day: preparation
Hydrate a string, mung beans and peanuts in separate bowls.
Chop the pumpkin.
Rinse and wash the bamboo leaves. Trim the lower rods so that the tips are flat. Keep them in
water so they do not dry out.
Drain the rice and mix with light soy sauce.
Drain the shitake mushrooms and cut them into small pieces.
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Drain the peanuts, cooked mung beans and cooked chickpeas.
Packaging and preparation
Make a cone with the bamboo leaves.
Add half of the rice, beans, squash, shiitake mushrooms, chickpeas, and peanuts.
Cover with the remaining rice. The amount added depends on the size of the bamboo leaf.
Then, finish wrapping the dumpling and tie it with string. If the bamboo leaves tear, start with a
new leaf.
Place the zongzi in a pan filled with cold water, using a plate keep the zongzi submerged. Add
more water if necessary. Increase the heat to medium-high. As soon as the water boils, reduce
the heat to medium/medium-low, and let it boil for 2.5 hours.
The water should only simmer. Check every 30 minutes to ensure that the zongzi is still
submerged. If necessary, add boiling water.
After 2.5 hours, turn off the heat. Carefully remove the dish and zongzi from the pan using tongs.
Cut the string, remove the leaf, and serve with light soy sauce; alternatively, let it cool completely
before storing it in the refrigerator or freezer.
* Adapted from https://okonomikitchen.com/vegan-zongzi/
Serve with soy milk and almonds:
Ingredient
Almonds
Soy milk without sugar

1,600-kcal diet
2 units
1 cup

2,100-kcal diet
3 units
1 ⅓ cups

1,600-kcal diet
1 small unit
¼ xc
⅔ xc

2,100-kcal diet
1 average unit
⅓ xc
1 xc

Dinner
10. YUNNAN PUREE
Ingredient
Potato
Chinese celery
Water
Method of preparation:
Wash and peel the potato. Boil or steam until well cooked.
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Place the potato in a large bowl, and mash until forming a puree; then, add salt and pepper to
taste. Mix well.
Add water to a wok and sauté the mashed potato.
Sprinkle with chopped Chinese celery and serve.
Serve with cooked black-eyed beans, tomato salad with moyashi bean sprouts and crushed sesame
seeds:
Ingredient
Black-eyed peas or cowpeas
(cowpeas)
Moyashi bean sprout
Tomato
Roasted sesame seeds

1,600-kcal diet
¼ xc

2,100-kcal diet
⅓ xc

2 tablespoons
½ unit
1 tablespoon

3 tablespoons
⅔ unit
2 shallow spoons

1,600-kcal diet
2 tablespoons
1 tablespoon
1 tablespoon
1 small unit
2 units
1 tablespoon
1 cup

2,100-kcal diet
3 tablespoons
1½ tablespoons
2 shallow spoons
1 average unit
2 units
2 shallow spoons
1 medium glass

DAY 4
Breakfast
11. MILLET PORRIDGE WITH APPLE
Ingredient
Millet
Glutinous rice
Oats
Apple
Anise
Flaxseed
Soy milk, without sugar
Method of preparation:
Wash the glutinous rice and millet, soak for approximately an hour.
Pour the glutinous rice and millet into a pan with soy milk. Bring to a boil and cook until tender.
When the porridge begins to thicken, add the oats.
Cut the apple into small pieces and add to the porridge. Keep cooking over low heat, stirring
constantly.
Add the raisins and anise and continue cooking. Top the porridge with ground flaxseed and serve.
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Lunch
12. SPICY LOTUS ROOT
Ingredient
Lotus root
Chili pepper
Shoyu light
Sesame

1,600-kcal diet
3 tablespoons
1 small unit
½ tablespoon
1 tablespoon

2,100-kcal diet
4 tablespoons
1 unit
1 teaspoon
2 tablespoons

Method of preparation:
Wash the lotus root. Peel and place the lotus root in a steamer for approximately 30 minutes.
Let the lotus root cool, and then, cut it into thin slices.
Mix chopped ginger, light soy sauce and water in a bowl.
Pour the sauce over the lotus root, mix well, and serve.
Serve with cooked rice and an edamame, steamed carrot and cauliflower salad and complement with
a tangerine:
Ingredient
Rice
Edamame
Carrot
Cauliflower
Tangerine

1,600-kcal diet
¼ xc
½ xc
4 tablespoons
1 xc
1 small unit

2,100-kcal diet
⅓ xc
⅔ xc
5 tablespoons
1½ xc
1 average unit

Ingredient
Fermented tofu (stinky tofu)
Pear
Prune

1,600-kcal diet
1 xc
1 average unit
2 units

2,100-kcal diet
1½ xc
1 large unit
3 units

Snack

Consume the fermented tofu (cubed) and complement with pear and prunes.
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Dinner
13. MACARONI SOUP WITH SPINACH AND MUSHROOMS
Ingredient
Chinese noodles (harusame)
Tempê
Shitake mushrooms
Soybean sprouts
Spinach
Black pepper
Sesame ground
Chili powder

1,600-kcal diet
¼ xc
¼ xc
⅔ xc
4 tablespoons
⅔ xc
¼ teaspoon
1 tablespoon
¼ teaspoon

2,100-kcal diet
⅓ xc
⅓ xc
1 xc
5 tablespoons
1 xc
⅓ teaspoon
2 shallow spoons
⅓ teaspoon

Method of preparation:
Wash the shitake mushrooms and cut them into strips.
Heat water in a pan, add the mushrooms, seasoning, spinach and bean sprouts and sauté.
In another pan, boil pasta in water until cooked.
Add the pasta to the stir-fry.
Add salt (to taste,) ground sesame and peppers.

DAY 5
Breakfast
14. BAOZI (CHINESE BREAD) *
Ingredient
Wheat flour
Whole wheat flour
Soy milk without sugar
Biological yeast
Chinese cabbage (pak choi)
Tempê
Shoyu (light)

1,600-kcal diet
2 tablespoons
⅔ tablespoon
2 tablespoons
⅓ teaspoon
¼ xc
⅓ xc
½ tablespoon

Method of preparation:
In a bowl, dissolve yeast in room temperature soy milk.

2,100-kcal diet
3 tablespoons
1 tablespoon
3 tablespoons
⅔ teaspoon
⅓ xc
½ xc
1 teaspoon
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Add flour and mix with a spoon until a consistent dough is formed. Knead the dough until smooth
and shape it into a ball. Cover with a kitchen towel and set aside for 1 hour.
Use your hand to make a smooth ball with the dough.
Dice and sauté cabbage, seasoning and soybeans. Let cool.
Fill the baozi with the sautéed vegetables.
Place the roll on a piece of parchment paper to prevent sticking to the pan, and steam for 20 to 25
minutes.
Tip: To steam Chinese breads, place water in a pan (less than half the capacity) and place a
steam basket or colander in the pan. Place the rolls in the basket or colander, cover and cook.
A steam cooker can also be used at medium temperature.
* Adapted from https://pisangsusu.com/bakbao-vegetarian/
Serve with tahini mixed with a little water (to form a sauce):
Ingredient
Tahini

1,600-kcal diet
1 tablespoon

2,100-kcal diet
1½ tablespoons

1,600-kcal diet
⅓ xc
1 teaspoon
1 tablespoon
⅔ tablespoon
1 tablespoon
⅓ teaspoon
1 teaspoon
½ clove
½ teaspoon
to taste
3 tablespoons
3 tablespoons
1 teaspoon
⅔ tablespoon

2,100-kcal diet
½ xc
⅔ tablespoon
1½ tablespoons
1 tablespoon
1½ tablespoons
½ teaspoon
⅔ tablespoon
1 clove
⅔ teaspoon
to taste
4 tablespoons
4 tablespoons
⅔ tablespoon
1 tablespoon

Lunch
15. KUNG PAO TOFU
Ingredient
Extra-firm tofu
Shoyu (light)
Maple syrup
Corn starch
Vinegar
Sesame oil
Water
Garlic
Ginger
Red pepper powder
Red pepper
Green pepper
Chives
Peanut
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Method of preparation:
Place half of the soybean and maple syrup in a glass container. Cut the tofu into cubes and place
the cubes in the container to marinate for at least 15 minutes. Cover the tofu with corn starch.
Place the tofu on a baking sheet lined with parchment paper and bake for 20 minutes (turning
after 10 minutes).
Mix the remainder of the maple syrup with soy, vinegar, sesame oil, corn starch and water to make
the dressing. Set aside.
Sauté garlic, ginger, and pepper in a pan for 30 seconds. Add the bell pepper and white portion of
the chives, and fry for 30 seconds. Then, add the dressing and stir.
Add the tofu and stir until the sauce thickens and covers all the tofu.
Remove from heat and add the peanuts and the green portion of the chives. Mix. Garnish with
more chives and serve immediately.
* Adapted from https://okonomikitchen.com/kung-pao-tofu/
Serve with cooked brown rice and a Chinese cabbage, radish, and carrot salad with lemon juice:
Ingredient
Raw brown rice
Chinese cabbage (bok choy)
Radish
Carrot
Lemon (juice)

1,600-kcal diet
¼ xc
1 xc
1 unit
3 tablespoons
½ tablespoon

2,100-kcal diet
⅓ xc
1 xc
1 large unit
4 tablespoons
1 tablespoon

1,600-kcal diet
3 tablespoons
3 tablespoons
2 shallow spoons
1 usual cup
2 teaspoons

2,100-kcal diet
4 tablespoons
4 tablespoons
2 tablespoons
1 medium glass
3 teaspoons

Snack
16. SALTED OAT AND POTATO BREAD
Ingredient
Potato
Oat
Whole wheat flour
Soy milk without sugar
Fresh coriander
Method of preparation:
Wash and grate the potatoes, and finely chop the cilantro.
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Mix the oats, flour, and coriander with the grated potato. Then, add salt and pepper. Stir until a
well-mixed dough forms.
Place the dough in a frying pan and spread the dough.
Fry over low heat until the bottom is firm. Turn and fry both sides until golden brown.
Serve with soy milk:
Ingredient
Soy milk

1,600-kcal diet
1 cup

2,100-kcal diet
1⅓ cup

1,600-kcal diet
¼ xc
½ xc
1 xc
2 slices
1 clove
1 small unit

2,100-kcal diet
⅓ xc
⅔ xc
1 xc
3 slices
2 cloves
1 unit

Dinner
17. ROASTED VEGETABLES
Ingredient
Eggplant
Peas
Pe-tsai (Chinese cabbage)
Ginger
Garlic
Chili pepper
Method of preparation:
In a frying pan, sauté the peas with a little water for 3 minutes and add the chopped eggplant.
When the edges of the eggplant are slightly golden and the eggplant is soft, add the cabbage,
ginger, garlic and pepper and sauté for a few more minutes.
* Adapted from https://thewoksoflife.com/eggplant-string-bean-stir-fry/
Serve with cooked millet and soy:
Ingredient
Millet
Soybeans

1,600-kcal diet
2 tablespoons
3 tablespoons

2,100-kcal diet
3 tablespoons
4 tablespoons
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4. EUROPEAN MENU
Maria Julia Cauduro Rosa

Presentation message

Menus
Day 1

Day 2

Day 3

Day 4

Day 5

Breakfast

Smoothie with oats,
banana, chia seeds, soy
milk and cinnamon
powder 1

Rye bread with
scrambled tofu
(with dried leeks,
turmeric, black
pepper, parsley,
and coriander) +
strawberries and
blueberries with
ground flaxseed
and soy milk

Orange sweet
potato cooked
with peanut
butter, figs,
soy milk and
cinnamon
powder

Red fruit sorbet
(strawberry,
blueberry, raspberry,
blackberry, dates,
banana, and soy
milk) with ground
flaxseed, sunflower
seeds, and oats

Oatmeal porridge,
banana, chia, soy
milk and cinnamon
powder

Lunch

Small bowl of cooked
quinoa, cooked
chickpeas and brussels
sprouts with tomato
and tahini sauce with
lemon and dried basil

Couscous with
edamame, grated
carrot and beets,
brussels sprouts,
pumpkin seeds,
and fresh
coriander

Buddha bowl
of quinoa,
diced tofu,
soybeans,
kale, avocado,
tomato, and
tahini

Mediterranean
salad (red beans,
sweet corn, arugula,
black olives, red
onion, wheat
sprouts, dried
parsley, lemon juice
and pistachios) 11

Bulgur cooked
with cubed tofu,
cucumber salad,
rhubarb, tomato,
and fresh
coriander, with
sesame seeds
sprinkled on top

Snack

Banana, dried
apricots, almonds, and
soy milk

Apples baked
with oat crumble
(with raisins and
cinnamon
powder) 6

Rye bread
with chickpea
hummus with
sunflower and
pumpkin
seeds

Apple chunks with
almond butter,
sugar-free soy milk,
cinnamon powder,
and raisins

Portuguese
chestnuts and
dates
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Dinner

Potatoes cooked and
seasoned with onion
powder and turmeric
with pea puree (peas,
tahini, and mint) and a
grilled asparagus, olive,
and nut salad

Lentil and
broccoli soup with
red onion, ginger
powder, dry
thyme, fresh
parsley, sesame
seeds and
pistachios 7

Whole -grain
pasta with
tomato sauce
and cooked
peas with
mustard
spinach,
mushrooms,
and olives +
kiwi

Potato stuffed with
white bean cream
(with tahini and
fresh thyme), red
cabbage salad, kale,
red pepper, and
fresh coriander 12

French onion soup
(onion, garlic, pink
lentils, fresh thyme,
bay leaf, black
pepper, tamari, and
pumpkin seeds)
with rye bread

Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of
the guide.
The mean nutritional values for the 5-day menu, compared to the needed values, are provided below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8

Calculated
1,621.8
58.4
25.4
16.2
1.37

Adequacy (%)

275
1,100
1,045
2,310
2,090
1,045.00
1,815.00
1,320
770
25
12.00
1.76
4 to 1

789.1
2,205.1
2,452.4
4,254.4
3,004.2
1,766.6
4,623.7
2,901.9
1,545.0
50.4
14.8
3.3
4.5 to 1

286.9
200.5
234.7
184.2
143.7
169.1
254.8
219.8
200.6
201.4
123.5
184.8

1000
18
8
75

1,141.7
23.8
11.8
205.1

114.2
132.5
148.1
273.5

171.3
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Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

2,100-kcal diet
Needed
2,100
45-65%
25-35%
10-35%
0.8

Calculated
2,108.2
58.1
25.7
16.2
1.3

Adequacy (%)

350
1,400
1,330
2,940
2,660
1,330
2,310
1,680
980
25
17
2.31
4 to 1

1,034.8
2,895.1
3,221.3
5,596.4
3,953.2
2,335.0
6,075.0
3,817.8
2,030.8
66.9
19.7
4.3
4.6 to 1

295.6
206.8
242.2
190.4
148.6
175.6
263
227.3
207.2
267.7
115.8
184.1

1,000
8
11
90

1,514.9
31.5
15.6
273.3

151.5
393.3
141.5
303.6

162.5

In addition to food, we suggest the following (in the absence of monitoring by a health
professional):
—
—
—

Vitamin B12: 500 μg/day;
Vitamin D2 or D3 vegan: 2,000 IU/d (if sun exposure is insufficient); and
Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine).
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RECIPES
DAY 1
Breakfast
1. FRUIT SMOOTHIE WITH OATS
Ingredient
Oats
Chia seeds
Banana
Soy milk (enriched with
calcium), without sugar
Cinnamon powder

1,600-kcal diet
3 tablespoons
1½ tablespoons
1 average unit
1 usual cup

2,100-kcal diet
4 tablespoons
2 tablespoons
2 small units
1 ⅓ usual cups

⅓ teaspoon

½ teaspoon

Method of preparation:
Blend all the ingredients and serve.
Lunch
2. QUINOA AND CHICKPEA BOWL
Ingredient
Quinoa
Chickpea
Brussel sprouts
Tomato
Tahini
Lemon (juice)
Basil (dry)

1,600-kcal diet
4 tablespoons
¼ xc
6 average units
½ unit
1 tablespoon
1 tablespoon
¾ teaspoon

2,100-kcal diet
5 tablespoons
⅓ xc
8 average units
¾ unit
1 ⅓ tablespoons
2 tablespoons
1 teaspoon

Method of preparation:
In a pan, boil water. Add the quinoa and cook for 20 minutes.
In another pan, cook the chickpeas for 30 minutes.
Sauté the brussels sprouts in a frying pan.
Remove from heat, and stir in the tahini, lemon, chopped tomato and basil.
Serve all ingredients in separate bowls.
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Snack
Ingredient
Dried apricots
Almonds
Banana
Soy milk (enriched with
calcium), without sugar

1,600-kcal diet
3 units
5 units
1 average unit
1 cup

2,100-kcal diet
4 units
7 units
2 small units
1⅓ cups

Mode of consumption:
Consume food individually, and drink soy milk.

Dinner
3. PEAS PUREE
Ingredient
Peas
Tahini
Mint
Salt
Water

1,600-kcal diet
⅔ xc
1 tablespoon
1 teaspoon
to taste
⅓ xc

2,100-kcal diet
1 xc
1½ tablespoons
⅔ tablespoon
to taste
½ xc

Method of preparation:
Cook peas in boiling salted water for a few minutes.
Mix all the ingredients in a food processor or blender and serve
Serve with boiled potatoes seasoned with onion powder and turmeric and asparagus sauteed in water
with olives and chopped nuts:
Ingredient
White potato
Onion powder (for potatoes)
Turmeric (for potatoes)
Asparagus
Olives
Nuts

1,600-kcal diet
1 xc
½ teaspoon
¼ teaspoon
6 units
4 units
1 average unit

2,100-kcal diet
1⅓ xc
¾ teaspoon
⅓ teaspoon
8 units
5 units
2 small units
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DAY 2
Breakfast
4. MIXED TOFU
Ingredient
Tofu
Leek
Turmeric
Black pepper
Dry coriander
Dried parsley
Soy milk (enriched with
calcium), without sugar

1,600-kcal diet
⅓ xc
1 tablespoon
to taste
to taste
to taste
to taste
3 tablespoons

2,100-kcal diet
½ xc
1½ tablespoons
to taste
to taste
to taste
to taste
4 tablespoons

Method of preparation:
Mix the tofu with the seasonings and soy milk.
Stir-fry over low heat to avoid sticking.
Serve with rye bread and a fruit smoothie with soy milk, strawberries, blueberries, and flaxseed:
Ingredient
Rye bread
Strawberries
Blueberries
Flaxseed (ground)
Soy milk

1,600-kcal diet
2 slices
7 units
3 tablespoons
½ tablespoon
1 usual cup

2,100-kcal diet
3 slices
7 units
4 tablespoons
⅔ tablespoon
1 ⅓ usual cups

1,600-kcal diet
¼ xc
⅓ xc
5 tablespoons
4 tablespoons
3 average units
2 tablespoons
1 tablespoon

2,100-kcal diet
⅓ xc
½ xc
7 tablespoons
5 tablespoons
4 average units
2 ½ tablespoons
1½ tablespoons

Lunch
5. COUSCOUS WITH EDAMAME
Ingredient
Moroccan couscous
Edamame
Grated carrot
Grated beet
Brussel sprouts
Fresh coriander (chopped)
Pumpkin seed
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Method of preparation
Hydrate the couscous in boiling water.
Grate and sauté the carrots and beets.
Add the brussels sprouts (cut into fourths).
Mix in the edamame and sprinkle the pumpkin seeds with coriander.

Snack
6. ROASTED APPLES WITH OAT CRUMBLE
Ingredient
Apple
Oats
Black raisins
Cinnamon

1,600-kcal diet
2 average units
3 tablespoons
1 tablespoon
1 teaspoon

2,100-kcal diet
3 small units
4 tablespoons
1⅓ tablespoons
⅔ tablespoon

Method of preparation:
Preheat the oven to 200 °C (average temperature).
Wash, dry and cut the apples in half lengthwise.
Transfer the apples to a baking sheet with the cut side up and sprinkle with cinnamon powder.
Grind the oats and raisins in a small amount of water to form a moist flour.
With a spoon, place a scoop of the oat flour on each half of apple, forming a mound. Place the
apples in a preheated oven and bake for approximately 30 minutes until golden. Remove from
oven and serve while still hot

Dinner
7. LENTIL AND BROCCOLI SOUP
Ingredient
Lentils
Red onion
Broccoli
Ginger powder
Fresh parsley

1,600-kcal diet
⅓ xc (uncooked)
½ unit
1 xc
1 teaspoon
2 tablespoons

2,100-kcal diet
½ xc (uncooked)
¾ unit
1⅓ xc
1½ teaspoons
3 tablespoons
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Thyme, dry
Sesame seed
Pistachios

½ teaspoon
1 tablespoon
8 units

1 teaspoon
1 ⅓ tablespoons
12 units

Method of preparation:
Cook the lentils with the seasonings.
When tender, add the chopped broccoli.
Top with pistachios.

DAY 3
Breakfast
Ingredient
Orange sweet potato
Peanut butter
Figs
Soy milk (enriched with
calcium), without sugar
Cinnamon powder

1,600-kcal diet
¼ xc
1 shallow spoon
2 units
1 cup

2,100-kcal diet
⅓ xc
1 tablespoon
2½ units
1⅓ cups

½ teaspoon

¾ teaspoon

Mode of consumption:
Bake the sweet potato until tender. Top with peanut butter.
Consume figs separately and drink soy milk with mixed cinnamon.

Lunch
8. BUDDHA BOWL
Ingredient
Quinoa
Diced Tofu
Kale
Avocado
Tomato
Tahini
Chia seeds

1,600-kcal diet
3 tablespoons (uncooked)
1½ xc
5 tablespoons
4 tablespoons
½ unit
1 shallow spoon
1½ tablespoons

2,100-kcal diet
4 tablespoons (uncooked)
2 xc
6 tablespoons
4½ tablespoons
⅔ unit
1 tablespoon
2 tablespoons

432

Method of preparation:
Cook the quinoa until tender.
Sauté the tofu and kale quickly.
Assemble the dish; start with the quinoa and layer the other ingredients on top.
End with tahini and chia seeds.

Snack
Ingredient
Rye bread
Hummus
Sunflower seeds
Pumpkin seed

1,600-kcal diet
2 slices
4 tablespoons
1 teaspoon
1 teaspoon

2,100-kcal diet
3 slices
5 tablespoons
1½ teaspoons
1½ teaspoons

Mode of consumption:
Spread the hummus oon the rye bread and top with the seeds.

Dinner
9. MACARONI WITH TOMATO SAUCE AND PEAS
Ingredient
Whole-grain noodles
Tomato sauce
Peas
Spinach-mustard, raw
Mushrooms
Olives

1,600-kcal diet
¾ xc
½ xc
¾ xc
1 xc
1 ¼ xc
2 small units

2,100-kcal diet
1 xc
⅔ xc
1 xc
1⅓ xc
1½ xc
3 small units

Method of preparation:
Cook the pasta until al dente.
In another pan, mix the tomato sauce, spinach, peas, and mushrooms and boil until cooked.
Serve the pasta topped with the tomato sauce and olives.
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Complement the meal with a kiwi:
Ingredient
Kiwi

1,600-kcal diet
1 small unit

2,100-kcal diet
1 average unit

1,600-kcal diet
⅓ xc
⅓ xc
⅓ xc
⅓ xc
3 units
⅓ unit
¼ cup

2,100-kcal diet
½ xc
½ xc
½ xc
½ xc
4 units
⅔ unit
⅓ cup

DAY 4
Breakfast
10. RED FRUIT SMOOTHIE
Ingredient
Strawberry
Blueberry
Raspberry
Blackberry
Dates
Banana
Soy milk (enriched with
calcium), without sugar
Method of preparation:
Freeze the chopped banana and red fruits.
Liquefy all ingredients together.
Serve as preferred.

Lunch
11. MEDITERRANEAN SALAD
Ingredient
Kidney beans
Sweet corn
Arugula
Black olives
Red onion
Lemon juice
Wheat sprouts
Dried parsley
Pistachios

1,600-kcal diet
¼ xc
¾ xc
½ xc
4 units
2 tablespoons
1 tablespoon
2 tablespoons
1 teaspoon
2 tablespoons

2,100-kcal diet
⅓ xc
1 xc
⅔ xc
5 units
2½ tablespoons
1½ tablespoons
3 tablespoons
1 teaspoon
3 tablespoons
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Method of preparation:
Cook the kidney beans until soft and then refrigerate.
Sauté the sweet corn and then refrigerate.
Sauté the chopped onion and then refrigerate.
Mix all other ingredients with the cooked and refrigerated ingredients and serve.

Snack
Ingredient
Apple
Almond butter
Soy milk (enriched with
calcium), without sugar
Cinnamon powder
Raisins

1,600-kcal diet
2 small units
1 teaspoon
1 cup

2,100-kcal diet
2 average units
1 shallow spoon
1⅓ cups

1 teaspoon
1 tablespoon

1½ teaspoons
1⅓ tablespoons

Mode of consumption:
Slice the apple and spread on almond butter.
Consume the raisins separately. Mix the cinnamon in the soy milk and drink.

Dinner
12. WHITE BEAN CREAM
Ingredient
White beans
Tahini
Fresh thyme
Salt
Water

1,600-kcal diet
¼ xc
1 tablespoon
1 teaspoon
to taste
½ xc

Method of preparation:
Cook the beans until tender.
Mash and mix with the remaining ingredients.

2,100-kcal diet
⅓ xc
1½ tablespoons
⅔ tablespoon
to taste
¾ xc
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Serve as a filling for the cooked potatoes and top with chopped fresh coriander; accompany with a
red cabbage, red pepper and chopped kale salad:
Ingredient
White potato
Fresh coriander
Red cabbage
Red pepper
Kale

1,600-kcal diet
1 xc
2 tablespoons
4 tablespoons
4 tablespoons
5 tablespoons (raw)

2,100-kcal diet
1⅓ xc
3 tablespoons
5 tablespoons
5 tablespoons
8 tablespoons (raw)

1,600-kcal diet
3 tablespoons
1½ tablespoons
1 average unit
1 usual cup

2,100-kcal diet
4 tablespoons
2 tablespoons
2 small units
1⅓ usual cups

1 teaspoon

⅔ teaspoon

DAY 5
Breakfast
13. OAT PORRIDGE
Ingredient
Oats
Chia seeds
Banana
Soy milk (enriched with
calcium), without sugar
Cinnamon powder
Method of preparation:
Mix oats, chopped banana and soy milk, and cook over low heat.
Once ready, mix in the cinnamon and chia seeds.

Lunch
Ingredient
Bulgur
Diced tofu
Cucumber
Rhubarb
Tomato
Fresh coriander (chopped)
Sesame seed

1,600-kcal diet
¼ xc
1½ xc
3 tablespoons
3 tablespoons
½ unit
2 tablespoons
1 tablespoon

2,100-kcal diet
⅓ xc
2 xc
4 tablespoons
4 tablespoons
⅔ unit
2 ½ tablespoon
2 tablespoons
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Method of preparation:
Cook the bulgur in water, bake the tofu and prepare a chopped cucumber, rhubarb and tomato
salad topped with cilantro and sesame seeds.

Snack
Ingredient
Portuguese chestnuts
Medjool dates

1,600-kcal diet
8 units
3 large units

2,100-kcal diet
10 units
4 large units

Mode of consumption:
Bake the chestnuts. Consume the chestnuts and the dates separately.

Dinner
14. FRENCH ONION SOUP
Ingredient
Onion
Garlic
Pink lentils
Fresh thyme
Laurel
Black pepper
Tamari
Pumpkin seed
Rye bread

1,600-kcal diet
½ unit
3 cloves
¼ xc
2 tablespoons
2 leaves
¼ teaspoon
2 tablespoons
1 tablespoon
1 slice

2,100-kcal diet
⅔ unit
4 cloves
⅓ xc
3 tablespoons
3 leaves
¼ teaspoon
2½ tablespoons
1⅓ tablespoons
1½ slices

Method of preparation:
Sauté the onions over low heat. Add the garlic and sauté for a few more minutes. Add water and
boil for 30 minutes.
Add the lentils and continue cooking.
Add the seasonings.
Serve with rye bread and pumpkin seeds.
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5. INDIAN MENU
Marise Berg

Menus
Day 1
Breakfast

Mint tea
Idli (fermented rice
and black gram)
steamed dumplings +
sambar (lentils with
tamarind and
coconut)

Day 2
Apple tea with
cinnamon
Oatmeal porridge
(prepared with
almond “milk”
and mango)

Day 3

Day 4

Day 5

Fennel tea

Tulsi tea

Ginger tea

Sada dosa 14 (rice
pan and dhal) +
curry potatoes and
tomato chutney
(jam with spices)

Besan chilla (chickpea
and tomato pancake)
+ braised spinach and
papaya chutney (jam
with spices)

Rava upma (salted
semolina porridge,
buckwheat and
chickpeas with
cashew nuts and
spices)

Lunch

Basmati rice + Chana
dal masala (chickpea
stew with spices),
grilled okra, cooked
kale and missi roti
(nonfermented
wheat and chickpea
bread)

Brown rice +
Kerala parippu
curry (mung bean
curry stew), leaf
salad and
cauliflower and
chapati (wholewheat
nonfermented
bread)

Rice with cumin +
sabzi (stew) of
mung germinated
with tofu, sautéed
melon, mixed leaf
salad and beet
chutney (jam with
spices)

Wild rice with
peanuts + lentils with
curry kale, grilled
broccoli with ginger,
mixed leaf salad and
flaxseed flour

Basmati rice + red
bean curry, roasted
pumpkin with
rosemary, sautéed
moringa bean
(drumsticks) and
fried tofu

Snack

Almond yogurt +
roasted almonds and
chia seeds + fresh figs

Fresh grapes and
nuts + golden milk
(soy and spices
“milk” drink)

Massala chai (soy
“milk” and spices)

Sapodilla, cashew
nuts and raisins

Papaya and
pomegranate with
oats and flaxseed
flour

Mushroom and
rice biryani (single
dish with basmati
rice, mushrooms,
peas, vegetables,
coconut milk,
fresh herbs, and
spices)

Cauliflower kurma
(rustic cauliflower,
cashews, coconut,
chickpeas, and
spices)

Tadka dal (cream of
pink lentils, yam,
eggplant and leaves
and amaranth with
spices) + spinach
poori (whole wheat
non-fermented bread)
and pineapple
chutney (jam with
spices)

Bengali kichari
(single dish of
basmati rice, mung
dal, vegetables, and
peas with spices)

Dinner

Bisi beli bath (single
dish of rice, lentils
and vegetables with
peanuts and spices)

Pears cooked with
spices and chia
seeds
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Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of the guide.
The mean nutritional values for the 5-day menu, compared to the needed values, are provided below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8

Calculated
1,617.1
57.5
28.6
13.9
1.08

Adequacy (%)

275
1,100
1,045
2,310
2,090
1,045.00
1,815.00
1320
770
25
12.00
1.76
4 to 1

673.6
2,001.6
2,213.7
3,780.6
2,964.7
1,516.0
4,219.6
2,742.4
1,367.3
47.2
10.3
2.7
3.8 to 1

244.9
182.0
211.8
163.7
141.9
145.1
232.5
207.8
177.6
188.8
86.1
150.9

1000
18
8
75

815.3
21.3
9.9
259.3

81.5
118.6
124.0
345.7

Calculated
2,109.5
56.7
29
14.4
1.1

Adequacy (%)

927.2

264.9

2,100-kcal diet
Needed
2,100
45-65%
25-35%
10-35%
0.8
350

135

137.5
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Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

1,400
1,330
2,940
2,660
1,330
2,310
1,680
980
25
17
2.31
4 to 1

2,616.1
2,898.0
4,974.9
3,861.1
2,018.0
5,569.8
3,611.0
1,797.5
60.8
13.7
3.9
3.5 to 1

186.9
217.9
169.2
145.2
151.7
241.1
214.9
183.4
243.1
80.5
167.0

1,000
8
11
90

1,009.3
27.1
13.0
291.2

100.9
339.1
117.7
323.5

In addition to food, we suggest the following (in the absence of monitoring by a health
professional):
— Vitamin B12: 500 μg/day;
— Vitamin D2 or D3 (vegan): 2,000 IU/d (if sun exposure is insufficient);
— Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine);
and
— Calcium: 250 mg/day for females.

RECIPES
DAY 1
Breakfast
MINT TEA
Ingredient
Filtered water
Mint leaves

1,600/2,100-kcal diets
1 cup
1 teaspoon

Yield

1 cup

Method of preparation:
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Heat 1 cup of water to 70°C. Remove from heat and add 1 teaspoon of dried mint leaves. Cover
and let stand for 3 minutes. Serve warm.
1. IDLI* (fermented rice cakes and steamed black gram)
Ingredient
Parboiled rice
Mungo (black gram)
Sea salt
Fenugreek seeds
Filtered water

1,600/2,100-kcal diets
2 cups (400 g)
½ cup (100 g)
½ teaspoon
¼ teaspoon
SQ

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

30 units
5 units
6 units

*An “idli pot” is needed to prepare this recipe.
Method of preparation:
Wash the rice and black gram and soak separately in filtered water and covered with a clean cotton
cloth for 6 hours.
Drain the water and set aside.
In a food processor, blend the rice with 1 glass of water until a creamy paste is formed (adjust the
amount of water to achieve a creamy texture).
In a food processor, blend the black gram and fenugreek with ½ glass of water until a paste is
formed. Fold the 2 pastes together. Add salt. Cover the container with a clean cotton cloth and let
the mixture ferment for 12 hours.
Grease the idli pot with vegetable oil.
With a dessert spoon, mold the idlis.
Drop the idlis into the pot containing 2 cups of water. Cover and cook for 12 to 15 minutes
(depending on the equipment used).
Serve the idli “dumplings” with sambar.
* Adapted from https://www.vegrecipesofindia.com/idli-recipe-how-to-make-soft-idlis/

2. SAMBAR* (lentil soup with tamarind and coconut)
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Ingredient
Red pigeon pea (pigeon peas)
Red lentils
Tamarind pulp
Dry coconut
Carrot
Onion
Eggplant
Tomato
Pitted pods
Okra
Sea salt
Chana dal (chickpeas or split
chickpeas)
Olive oil

1,600/2,100-kcal diets
¼ cup (50 g)
2 tablespoons (30 g)
1 tablespoon
3 tablespoons
1 unit
1 unit
½ unit
3 units
1 cup
5 units
¼ teaspoon
1 tablespoon
1 tablespoon

Spices (to taste): turmeric, mustard seeds, curry leaves, asafetida, chilies, coriander seeds, cumin,
black pepper, fenugreek, and fresh coriander leaves.
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

4 servings
2½ ladles
3½ ladles

Method of preparation:
Soak the beans in water for 8 hours. Drain and rinse.
Wash the lentils and cook them with the beans in water and a pinch of turmeric powder.
In a blender, cream the cooked beans. Set aside.
In a frying pan, heat ½ tablespoon of olive oil. Add the mustard seeds, coriander, cumin, fenugreek,
curry leaves, chili and chana dal and sauté until an aroma is released. Do not burn the herbs. Set
aside.
Peel and cut the onions. Wash and cut the vegetables (cubes). Set aside.
In a pan, heat the remaining oil and sauté the mustard seeds. Add the onion and let it brown. Add
the other vegetables and sauté for 5 minutes over medium heat. Add the thawed tamarind pulp
and coconut. Add salt. Cover the pan and cook a few more minutes.
Add the creamed lentils. If necessary, add more water. Boil for a few more minutes until all the
ingredients are incorporated.
Top with fresh coriander leaves.
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Serve as an accompaniment to the idlis.
*Adapted from https://www.vegrecipesofindia.com/sambhar-recipe-a-method-made-easy/
Lunch
3. BASMATI RICE (aromatic Indian rice variety)
Ingredient
Basmati rice
Water SQ
Sea salt

1,600-kcal diet
3 tablespoons (40 g)
½ cup
⅛ teaspoon

2,100-kcal diet
4 tablespoons (60 g)
⅔ cup
¼ teaspoon

Method of preparation:
Wash the basmati rice under running water and drain. In a pan, add water, salt, and the rice. Cook
the rice semicovered until the water is absorbed. Cover, remove from heat and allow to cool.
Serve with chana dal, vegetables and missi roti.

4. CHANA DAL* (split chickpeas)
Ingredient
Split chickpeas (chana dal)
Olive oil
Garlic, minced
Minced onion
Minced tomato
Sea salt

1,600/2,100-kcal diets
1 cup (200 g)
1 tablespoon
4 units
½ unit
3 units
¼ teaspoon

Spices (to taste): Turmeric, cumin, ginger, green and red chilis, garam masala, amchur, asafetida,
and coriander seeds and leaves
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

4 servings
1½ ladles
1⅔ ladles

Method of preparation:
Wash the chickpeas under running water and drain. Let the beans soak in water for 1 hour. Drain and cook
in fresh filtered water with a pinch of turmeric powder for 15 minutes in a pressure cooker. Set aside.
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In another pan, heat the oil. Add the cumin seeds, chopped onion and garlic and other spices (to
taste). Add the chopped tomatoes and sauté. Add the cooked chana dal and the cooking broth.
Season with salt. Top with fresh coriander leaves.
Serve over basmati rice.
*Adapted from https://www.vegrecipesofindia.com/chana-dal-recipe-chana-dal/
5. GRILLED OKRA
Ingredient
Okra
Sea salt
Olive oil
Ginger powder

1,600/2,100-kcal diets
6 units
1 pinch
1 teaspoon
to taste

Yield

1 serving (1 saucer)

Method of preparation:
Wash the okra and dry with a clean cloth. Cut into 4 parts (beveled). Set aside.
In a frying pan, heat oil and add the okra. Sprinkle the okra with salt and ginger powder. Sauté the
okra without stirring to avoid releasing water.
Serve as a side dish.

6. MISSI ROTI * (nonfermented wheat and chickpea bread, specialty from North India)
Ingredient
Whole-wheat flour
Besan (chickpea flour)
Minced onion
Olive oil
Salt
Olive oil
Water

1,600/2,100-kcal diets
1⅓ cup (240 g)
½ cup (100 g)
½ unit
¼ teaspoon
¼ teaspoon
1 tablespoon
SQ

Spices (to taste): chili, asafetida, and ajwain seeds
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

8 servings
1 unit
1½ unit
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Method of preparation:
Mix the wheat flour, besan and ajwain seeds.
Finely chop the onion and chili and mix with the flour. Add a pinch of asafetida and salt. Mix with
the flour, adding enough water to make a dough. Let the dough rest for 10 minutes in a covered
container. Make 8 symmetrical balls (medium thickness).
On a floured surface, spread each dough ball with a rolling pin.
Heat a flat-bottomed frying pan over medium heat. Add the dough and let it fry. With a spatula,
turn the dough and let it fry on the other side.
Serve as a side dish for basmati and dal rice.
* Adapted from https://www.vegrecipesofindia.com/missi-roti-recipe/

Snack
Ingredient
Fresh fig
Almonds
Chia seeds
Almond yogurt (Dah! brand)

1,600-kcal diet
2 units (100 g)
8 units (15 g)
1½ teaspoons (7.5 g)
½ unit (75 g)

2,100-kcal diet
2 units (100 g)
8 units (15 g)
1½ teaspoons (7.5 g)
1 unit (150 g)

Method of preparation:
Add the chia seeds and almonds to the yogurt. Eat the figs separately.

Dinner
7. BISI BELI BATH * (single dish of rice, lentils and vegetables with peanuts and spices, Karnataka style)
Ingredient
Rice
Peanut
Sea salt
Guandu (pigeon peas, tuvar dal,
arhar dal)
Carrot
Pod
Fresh peas

1,600/2,100-kcal diets
1 cup (200 g)
2 tablespoons (25 g)
½ teaspoon
½ cup (100 g)
1 unit
100 g
70 g
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Eggplant
Onion
Tomato
Dry coconut
Olive oil
Mustard seeds
Cashew nut
Curry powder
Fresh ginger
Water

½ unit
1 unit
1 unit
2 teaspoons
1 tablespoon
1 tablespoon
15 units
1 teaspoon
10 g
SQ

Spices (to taste): bisi beli bath masala, marathi moggu, mustard seeds, turmeric powder, chopped
red chili, curry leaves, asafetida
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

5 servings
1 bowl of soup, 4 ladles
1 bowl of soup, 5 ladles

Method of preparation:
Wash the pigeon peas under running water and soak them in water for 1 hour.
In a pressure cooker, cook the beans submerged in water with a pinch of turmeric powder and salt
for 20 minutes. Mash the beans until they form a cream. Set aside.
Wash the rice and peanuts and soak them in water for 20 minutes. Drain.
Cook with 500 ml of water and a pinch of salt over low heat until the water is absorbed. Set aside.
Wash and chop the vegetables into cubes.
In another pan, add the chopped vegetables, a pinch of salt and 2 cups of water. Cook the
vegetables for a few minutes.
Add the cooked rice and mashed dal to the vegetables. Mix. Add water if necessary.
Separately, make the seasoning for the dish: water, bisi beli bath masala, and dry coconut. Season
with salt. Add to the prepared rice and pigeon peas.
Heat oil in another skillet. Sauté the mustard seeds, chopped ginger, curry leaves, marathi moggul,
chopped chili, asafetida, and cashew nuts. Heat until the spices release an aroma, and the nuts are
roasted. Take care not to burn the spices.
Serve the bisi beli bath with the roasted nuts.
* Adapted from https://www.vegrecipesofindia.com/bisi-bele-bath-recipe/
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DAY 2
Breakfast
APPLE TEA WITH CINNAMON
Ingredient
Filtered water
Apple slices
Raw cinnamon

1,600/2,100-kcal diets
1 cup
2 slices
1 small piece

Yield

1 cup

Method of preparation:
Boil 1 cup of water with 2 apple slices for 3 minutes. Remove from heat and add the cinnamon
stick. Cover and let stand for 3 minutes. Serve warm.

8. OAT PORRIDGE
Ingredient
Mango
Oat
Almond milk
Chia seeds
Coconut oil

1,600-kcal diet
1 unit (100 g)
3 tablespoons
1 cup (200 ml)
1½ teaspoons
1 teaspoon

2,100-kcal diet
1 unit (100 g)
4 tablespoons
1 cup (200 ml)
2 teaspoons
2 teaspoons

Spices (to taste): cinnamon and nutmeg
Yield

1 serving

Method of preparation:
Peel the mango and cut it into cubes. Set aside.
Heat the coconut oil in a pan. Sauté the mango in oil with a pinch of nutmeg and cinnamon. Add
the almond milk and oats and stir until thick. Top with chia seeds and serve warm.
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Lunch
9. RICE
Ingredient
Raw brown rice
Sea salt
Coriander seeds
Chives
Onion
Water

1,600-kcal diet
3 tablespoons (40 g)
⅛ teaspoon
½ teaspoon
10 g
½ unit
½ cup

Yield

2,100-kcal diet
4 tablespoons (60 g)
⅛ teaspoon
½ teaspoon
15 g
⅔ unit
⅔ cup

1 serving

Method of preparation:
Wash and drain the rice. Cook the rice in a pressure cooker with water (use 2.5 × the volume of
water in relation to the weight of the rice) and spices for 20 minutes. Allow the pressure to
decrease naturally to finish steaming the rice. If using a regular pot, the cooking time will be longer.
Serve with vegetable curry and sabzi.

10. PARIPPU CURRY * (mung bean curry stew, Kerala style)
Ingredient
Mung dal
Turmeric powder
Grated dry coconut
Cumin, seeds
Minced onion
Sea salt
Coconut oil
Chopped red chili
Mustard seeds
Grated fresh ginger
Dry coriander leaves
Curry leaves

1,600/2,100-kcal diets
70 g
1 pinch
1 tablespoon
2 teaspoons
1 unit
¼ teaspoon
1 teaspoon
1 unit
2 teaspoons
10 g
5g
to taste

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

2 servings
1 ladle
1½ ladles

450

Method of preparation:
Soak the mung beans in water for 8 hours. Drain and rinse the beans under running water, and
cook the beans submerged in filtered water with a pinch of turmeric powder over medium heat in
a pressure cooker for 8 minutes. Turn the pressure cooker off and wait for the pressure to decrease
naturally. Mash the beans. Set aside.
Make a coconut paste: mix the dry coconut with 1 chopped chili, onion, cumin seeds and ¼ cup of
water. Blend the ingredients in a food processor.
Add the coconut paste to the creamed mung beans. Add ½ cup of water and salt to taste. Mix and
cook over medium heat.
To season, heat 1 teaspoon of coconut oil. Add the mustard seeds, fresh ginger, curry leaves and
½ onion. Sauté until the onions are golden brown. Mix with the mung beans.
Serve with brown rice.
*Adapted from https://www.vegrecipesofindia.com/kerala-parippu-curry-recipe/

11. CHAPATI (non-fermented whole wheat bread)
Ingredient
Wheat flour
Sea salt
Olive oil
Water
Wheat flour to the surface

1,600-kcal diet
3 tablespoons (35 g)
1 pinch
¼ teaspoon
SQ
1 teaspoon

Yield

2,100-kcal diet
3 tablespoons (35 g)
1 pinch
¼ teaspoon
SQ
1 teaspoon

1 large unit or 2 small
units

Method of preparation:
Mix the flour, salt, oil, and enough water so that the dough does not stick to the hands and can be
molded into 1 or 2 uniform balls. Let the dough rest for 15 minutes covered with a clean cloth.
On a floured surface, roll the dough.
Heat a flat-bottomed frying pan. Add the chapati and let it brown on one side. With a spatula, turn
the chapati, and let the other side brown. Finally, with the bread held in tongs, quickly brown over
a flame.
Serve as an accompaniment to the parippu curry.
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LEAF AND CAULIFLOWER SALAD
Ingredient
Cooked cauliflower
Arugula
American lettuce
Minced tomato
Grated carrot
Lemon juice
Sea salt
Olive oil

1,600/2,100-kcal diets
100 g (1 cup)
40 g
30 g
3 medium slices
2 tablespoon
1 tablespoon (15 ml)
1 pinch (0.50 g)
½ teaspoon (2.5 ml)

Method of preparation: Wash the vegetables. Tear the leaves by hand. Chop the tomatoes. Grate the
carrot. Mix the vegetables. Season with olive oil, salt, and lemon juice.

Snack
12. GOLDEN MILK * (soy and spices "milk" beverage)
Ingredient
Soy milk
Turmeric powder
Black pepper

Yield

1,600-kcal diet
½ cup (120 ml)
½ teaspoon
1 pinch

2,100-kcal diet
1 cup (240 ml)
½ teaspoon
1 pinch

1 cup

Method of preparation:
Heat the vegetable milk of your choice over medium heat for 2 minutes (do not allow to boil).
Serve the milk in a cup. Add turmeric powder and a pinch of black pepper. Stir and serve warm.
Compliments fresh fruits and nuts.
*Adapted from https://www.vegrecipesofindia.com/turmeric-milk-recipe/
Ingredient
Muscadine grapes
Nuts

1,600-kcal diet
20 units (100 g)
8 units (10 g)

2,100-kcal diet
20 units (100 g)
20 g
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Dinner
13. MUSHROOM AND RICE BIRYANI* (single dish with basmati rice, mushrooms, peas, vegetables,
coconut milk, fresh herbs, and spices)
Ingredient
Basmati rice
Mushrooms-Paris
Green peas
Mint leaves
Coriander leaves
Minced onion
Garlic, minced
Minced tomato
Minced carrots
Mustard seeds
Coconut milk
Coconut oil
Salt

1,600-kcal diet
3 tablespoons (40 g)
150 g
4 tablespoons
5g
5g
½ unit
1 unit
1 unit
1 unit
1 teaspoon
2 tablespoons
1 teaspoon
1 pinch

2,100-kcal diet
4 tablespoons (60 g)
150 g
5 tablespoons
5g
5g
½ unit
1 unit
1 unit
1 unit
1 teaspoon
3 tablespoons
2 teaspoons
1 pinch

Spices (to taste): cloves, coriander seed powder, bay leaves, black pepper, cinnamon, and garam masala
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

1 large portion
1 bowl of soup, 4 ladles
1 bowl of soup, 5 ladles

Method of preparation:
Wash the rice and soak it in water for 30 minutes. Drain and set aside.
Wash and chop the vegetables and herbs.
Clean the mushrooms with a damp cloth and cut into quarters. Set aside.
In a food processor, mix the coriander and mint leaves with garlic, onion and 1 water to create a
paste. Mix the paste with the mushrooms, and add a pinch of turmeric, coriander powder, and
garam masala. Let marinate for 30 minutes.
In a pan, heat the coconut oil, and sauté the mustard seeds, onion, tomato, and a pinch of salt
until the onions are golden. Add the mushrooms, and sauté a few more minutes. Add ½ cup of
water, to the rice, peas, and coconut milk. Cook for 12 minutes until the water is absorbed.
Depending on the type of rice, more water may be necessary.
Serve warm in a bowl or deep dish and garnish with fresh coriander leaves.
* Adapted from https://www.vegrecipesofindia.com/chettinad-mushroom-biryani-recipe/
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DAY 3
Breakfast
SWEET HERB TEA
Ingredient
Filtered water
Fennel seeds

1,600/2,100-kcal diets
1 cup
1 teaspoon

Yield

1 cup

Method of preparation:
Boil 1 cup of water with 1 teaspoon of fennel for 3 minutes. Remove from heat, cover, and let
stand 3 more minutes. Serve warm.

14. SADA DOSA* (rice pan and dal)
Ingredient
Mung beans
Parboiled rice
Sea salt
Fenugreek
Water
Vegetable oil

1,600/2,100-kcal diets
3 tablespoon (50 g)
1 cup (200 g)
¼ teaspoon
¼ teaspoon
SQ (to create cream)
SQ (to grease the frying
pan)

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

9 units
3 units
4 units

Method of preparation:
Wash the rice, mung beans and fenugreek seeds in running water. Soak the beans in water and
covered with a clean cotton cloth for 6 hours.
Drain the water. In a food processor, blend the beans with filtered water to form a cream. Season
with salt.
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Heat a nonstick or iron skillet. Add oil to grease the pan (the oil can be spread with a brush to form
a thin layer). Pour 1 ladle of cream into the pan and spread evenly. Fry one side; with a spatula,
turn the sada dosa and fry the other side.
Serve with mashed potato and chutney.
* Adapted from https://www.vegrecipesofindia.com/dosa-recipe-dosa-batter-recipe/

15. POTATO CURRY*
Ingredient
Potato
Peas
Minced onion
Chili chopped
Mustard seeds
Olive oil
Salt

1,600-kcal diet
1 unit (100 g)
4 tablespoons
½ unit
1 unit
1 teaspoon
¼ teaspoon
1 pinch

2,100-kcal diet
1 large unit (125 g)
4 tablespoons
½ unit
1 unit
1 teaspoon
¼ teaspoon
1 pinch

Spices (to taste): cumin seeds, turmeric powder, asafetida powder
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

1 serving
2½ serving spoons
3 serving spoons

Method of preparation:
Wash the potato. Cut the potato into cubes and steam. In a pan, heat the oil, mustard seeds, onion,
chili, and cumin seeds. Add the peas and sauté. Add the steamed potatoes. Add a pinch of turmeric,
asafetida, and salt.
Serve as an accompaniment to the sada dosa.
* Adapted from https://www.vegrecipesofindia.com/potato-curry-recipe-for-masala-dosa/

16. TOMATO CHUTNEY * (jelly with spices)
Ingredient
Minced tomato
Olive oil
Salt

1,600/2,100-kcal diets
1 unit
½ tablespoon
1 pinch
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Spices (to taste): chili, black pepper, cloves, asafetida powder, fresh curry leaves
Yield

1 ramekin (100 g)

Method of preparation:
Heat olive oil in a frying pan. Add the mustard seeds, chopped chili, and 1 clove and sauté. Add the
tomatoes, curry leaves and a pinch of powdered asafetida. Season with salt and continue cooking
a little longer. The chutney can be served chunky or processed into a paste.
Serve in a ramekin or small bowl as an accompaniment to the sada dosa.
* Adapted from https://www.vegrecipesofindia.com/tomato-chutney-recipe/

Lunch
17. JEERA RICE (basmati rice with cumin)
Ingredient
Basmati rice
Sea salt
Cumin seeds
Olive oil
Filtered water

1,600-kcal diet
3 tablespoons (40 g)
⅛ teaspoon
½ teaspoon
½ teaspoon
½ cup

Yield

2,100-kcal diet
4 tablespoons (50 g)
⅛ teaspoon
½ teaspoon
½ teaspoon
⅔ cup

1 serving

Method of preparation:
Wash the rice under running water. In a pan, heat the oil, and quickly sauté the cumin seeds. Add
the rice, salt, and water. Cook until the water is absorbed. Cover the pan, remove from heat, and
allow to cool.
Serve with sabzi (mung stew), vegetables and salad.

18. SABZI * (GERMINATED MUNG BEAN STEW)
Ingredient
Germinated mung beans
Organic firm tofu (cubed, small)
Diced tomato
Minced onion

1,600-kcal diet
1 cup (220 g)
100 g
1 unit
½ unit

2,100-kcal diet
1 cup (220 g)
150 g
1 unit
½ unit
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Garlic, minced
Grated fresh ginger
Carrot (cubed, small)
Olive oil
Salt

1 unit
1 teaspoon
1 unit
1 teaspoon
1 pinch to taste

1 unit
1 teaspoon
1 unit
2 teaspoons
1 pinch to taste

Spices (to taste): chili, asafetida, coriander powder, cumin powder, and turmeric powder
Yield

1 generous serving or 2
smaller servings as an
accompaniment

Method of preparation:
In a pan, heat the oil. Sauté the onion, ginger, and garlic until golden. Add the chopped chili,
carrots, and tomatoes. Season with coriander powder, cumin powder, and turmeric powder. Add
the tofu and mix. Cook for a few minutes. Add the germinated mung beans and mix; sauté for a
few more minutes. Season with salt.
Serve with rice, vegetables, and a salad.
* Adapted from https://www.vegrecipesofindia.com/moong-sprouts-sabzi-recipe/

19. CHUTNEY DE BETERRABA (jam with spices)
Ingredient
Finely grated beets
Olive oil
Salt

1,600/2,100-kcal diets
½ small unit
½ tablespoon
1 pinch

Spices (to taste): Chili, black pepper, cloves, asafetida, curry leaves
Yield

1 ramekin (80 g)

Method of preparation:
In a frying pan, heat the olive oil. Add the mustard seeds, chopped chili, and 1 clove and sauté.
Add the grated beets, curry leaves and 1 pinch of asafetida powder. Season with salt and continue
cooking. If necessary, add water to avoid burning. The chutney can be served chunky or as a paste.
Serve in a ramekin or small bowl as an accompaniment to the salad.
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MIXED LEAF SALAD WITH PISTACHIOS
Ingredient
Romaine lettuce
Lemon juice
Olive oil
Salt
Pistachios

1,600/2,100-kcal diets
30 g
1 tablespoon (15 ml)
1 teaspoon (5 ml)
1 pinch
½ tablespoon (7 g)

Method of preparation:
Wash and tear the leaves by hand. Season with olive oil, salt, and lemon juice. Add the peeled
pistachios.

Snack
20. MASSALA CHAI (spiced soymilk beverage)
Ingredient
Soy milk
Black tea
Turmeric powder
Fennel

1,600-kcal diet
½ cup (120 ml)
1 sachet or ¼ of teaspoon
of bulk tea
½ teaspoon
½ teaspoon

2,100-kcal diet
1 cup (240 ml)
1 sachet or ¼ of teaspoon
of bulk tea
½ teaspoon
½ teaspoon

Spices (to taste): ginger powder, nutmeg, cardamom, cinnamon, and black pepper
Yield

1 cup

Method of preparation:
Add fennel seeds, a pinch of grated nutmeg, 1 cardamom bean and 1 small cinnamon stick to ½ cup of
water and boil for 3 minutes. Add ½ teaspoon of turmeric powder. Remove from heat and add 1 black
tea bag. Let stand for 3 minutes. Add soy milk. Serve warm, accompanied by cooked fruits.

21. PEARS WITH CHIA SEEDS
Ingredient
Pears
Coconut oil
Chia seeds
Water

1,600/2,100-kcal diets
2 units
1 teaspoon
1½ teaspoons
SQ
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Spices (to taste): cinnamon, clove, cardamom, and mint leaves
Yield

1 serving

Method of preparation:
Wash, peel and cut the pears into small pieces.
In a pan, heat the coconut oil, cinnamon stick, clove, and cardamom seeds (remove the outer shell
and use only the seeds). Add the pears and water and cook for 3 minutes in a semicovered pan
over low heat. When cooked, add fresh mint leaves, cover the pan, remove from heat, and allow
to stand 3 minutes before serving.
Top with raw chia seeds.

Dinner
22. KURMA DE CAUVE-FLOR* (cauliflower, cashews, coconut, chickpeas, and spices, Chettinad style)
Ingredient
Chopped cauliflower
Grated dry coconut
Cashew nut
Chili (chopped)
Dried tomato
Grated fresh ginger
Mustard seed
Chana dal (split chickpeas)
Onion
Olive oil
Salt
Water

1,600-kcal diet
200 g
1 tablespoon
4 units
1 unit
1 tablespoon
1 teaspoon
1 teaspoon
1 tablespoon
½ unit
½ teaspoon
1 pinch
SQ

2,100-kcal diet
200 g
2 tablespoons
8 units
1 unit
2 tablespoons
1 teaspoon
1 teaspoon
2 tablespoons
½ unit
½ teaspoon
1 pinch
SQ

Spices (to taste): cinnamon, fennel, kalpasi (black stone flower stone), curry leaves, and turmeric
powder
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

1 large portion or 2
starters
1 bowl of soup, 4 ladles
1 bowl of soup, 5 ladles
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Method of preparation:
Soak the cauliflower in water for a few minutes. Drain. Wash under running water and cut into
medium pieces.
Place the dried coconut, chili, and fresh ginger in a food processor. Add the chana dal, chestnuts,
fennel, and black stone flower. Process with water until a paste forms.
In a pan, heat the oil. Add cinnamon sticks and cloves, and heat until an aroma is released. Add
the chopped onion and stir until golden. Add the tomato and turmeric powder. Add the coconut
paste and herbs and stir well. Keep the heat low and add the cauliflower.
Add water and cook until the cauliflower softens.
Garnish with coriander leaves and serve hot in a bowl or deep dish.
*Adapted from https://www.vegrecipesofindia.com/cauliflower-kurma-recipe/

DAY 4
Breakfast
TULSI TEA
Ingredient
Filtered water
Tulsi leaves

1,600/2,100-kcal diets
1 cup
1 teaspoon

Yield

1 cup

Method of preparation:
Heat the water to 70°C. Remove from heat, add the tulsi leaves, cover and let stand 3 minutes.
Serve warm.

23. BESAN CHILLA * (chickpea and tomato pancake, Punjab style)
Ingredient
Besan (chickpea flour)
Finely chopped onion
Finely chopped tomato
Coriander leaves chopped

1,600/2,100-kcal diets
½ cup
½ unit
1 unit
1 handful
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Minced red chili
Olive oil
Salt
Filtered water

1 unit
1 teaspoon
1 pinch
SQ

Spices (to taste): grated ginger, ajwain seeds, turmeric, and cayenne pepper
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

3 units
1 unit
2 units

Method of preparation:
In a bowl, mix the besan with all the other ingredients. Add ½ glass of water and mix until a thick
mass forms.
Grease a nonstick or iron skillet with olive oil and heat over medium heat.
With a ladle, place a scoop of the dough into the pan, and fry the dough until it begins to release
from the bottom of the pan. With a spatula, turn the dough and fry on the other side.
Serve hot accompanied by sautéed vegetables and chutney.
* Adapted from https://www.vegrecipesofindia.com/besan-cheela-recipe-besan-chilla/

24. STEAMED SPINACH
Ingredient
Spinach (raw leaves)
Olive oil
Salt
Mustard seeds
Pumpkin seeds
Bay leaves
Filtered water

1,600/2,100-kcal diets
½ bunch (150 g)
½ teaspoon
1 pinch
1 teaspoon
1 teaspoon
2 units
½ liter

Yield

1 serving
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Method of preparation:
Pull the spinach leaves from the stalks and wash them under running water.
In a pan, heat ½ liter of water, and blanch the spinach for 1 minute. Drain the water from the
spinach. Set aside.
In a frying pan, heat the oil, and sauté the mustard and pumpkin seeds with the bay leaves. Add
the spinach and sauté quickly. Season with salt (to taste).
Serve as an accompaniment to the chilla.

25. PAPAYA CHUTNEY (jam with spices)
Ingredient
Ripe papaya (finely chopped,
without peel and seeds)
Olive oil
Salt

1,600/2,100-kcal diets
1 slice (50 g)
½ teaspoon
1 pinch

Spices (to taste): chili, black pepper, cloves, asafetida powder, fresh curry leaves, and turmeric
powder
Yield

1 ramekin (50 g)

Method of preparation:
In a nonstick or iron skillet, heat the oil. Sauté ½ chopped chili and 1 clove. Add the papaya, a pinch
of asafetida, a pinch of turmeric powder and the curry leaves. Cook with constant stirring to avoid
burning. If necessary, add water.
Serve in a ramekin or small bowl as an accompaniment to the chilla.

Lunch
26. WILD RICE WITH PEANUTS
Ingredient
Wild rice
Finely grated onion
Raw peanuts
Dry coconut
Sesame oil

1,600-kcal diet
3 tablespoon (40 g)
½ unit
2 teaspoon (10 g)
1 teaspoon
½ teaspoon

2,100-kcal diet
4 tablespoon (60 g)
½ unit
2 teaspoon (10 g)
1 teaspoon
½ teaspoon
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Salt
Water

1 pinch
½ cup

1 pinch
⅔ cup

Spices (to taste): curry leaves and asafetida
Yield

1 serving

Method of preparation:
Wash the rice under running water.
In a pan, heat the sesame oil. Sauté the grated onion, peanuts, dried coconut, and curry leaves.
Add the rice and mix. Add the filtered water, salt, and a pinch of asafetida. When the water boils,
cover the pan, and cook until the water is absorbed.
Serve with lentil curry, vegetables, and a salad.

27. LENTIL CURRY WITH KALE
Ingredient
Lentils (Canadian)
Sliced kale
Onion
Curry masala powder
Grated fresh ginger
Mustard seeds
Chives
Salt
Olive oil

1,600/2,100-kcal diets
3 tablespoons (40 g)
25 g
½ unit
1 teaspoon
10 g
1 teaspoon
1 handful
1 pinch
½ teaspoon

Yield

1 serving

Method of preparation:
Wash the lentils under running water and soak in water for 8 hours. Drain the beans and rinse
under running water.
In a pan, heat the oil. Sauté the mustard seeds, onion, and grated ginger until golden. Add the
lentils and the curry powder masala and mix. Cook until the beans soften. When the beans are
cooked, add the green onions and kale. Remove from heat, cover the pan, and let stand 5 minutes.
Serve with wild rice, vegetables, and a salad.
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28. SAUTED BROCCOLI
Ingredient
Broccoli
Salt
Olive oil
Ginger powder

1,600/2,100-kcal diets
½ small bunch (100 g)
1 pinch
½ teaspoon
½ teaspoon

Yield

1 serving

Method of preparation:
Soak the broccoli in water for a few minutes to remove insects.
Wash under running water and cut the flowers and stems.
In a nonstick or iron skillet, heat the oil. Add the broccoli, and sprinkle with salt and ginger powder.
Sauté until soft.
Serve as a side dish.

MIXED LEAF SALAD WITH FLAXSEED
Ingredient
Arugula
American lettuce
Watercress
Grated carrot
Flaxseed
Lemon
Salt
Olive oil

1,600-kcal diet
40 g
30 g
40 g
2 tablespoons
½ tablespoon (7.5 g)
1 tablespoon (15 ml)
1 pinch (0.25 g)
½ teaspoon (2.5 ml)

2,100-kcal diet
40 g
30 g
40 g
2 tablespoons
1 tablespoon (15 g)
1 tablespoon (15 ml)
1 pinch (0.25 g)
½ teaspoon (2.5 ml)

Method of preparation: Wash the vegetables and tear the leaves by hand. Grate the carrot. Process
the linseed in a blender or food processor until a flour forms. Mix the leaves with the carrot. Season with
olive oil, salt, and lemon. Sprinkle with flaxseed.
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Snack
Ingredient
Sapodilla
Cashew nut
Raisins

1,600-kcal diet
2 large units (150 g)
5 unit (10 g)
½ tablespoon (10 g)

2,100-kcal diet
2 large units (150 g)
10 unit (20 g)
½ tablespoon (10 g)

Dinner
29. TADKA DAL (cream of pink lentils, yam, eggplant, and amaranth leaves with spices)
Ingredient
Peeled red lentils
Green chili
Onion
Tomato
Coriander, leaves (chopped)
Minced chives
Salt
Garlic
Grated ginger
Finely chopped amaranth
leaves
Eggplants
Taro (yam)
Mustard seeds
Dry parsley leaves
Sunflower oil

1,600/2,100-kcal diets
1 cup (200 g)
1 unit
1 unit
2 units
1 handful
1 handful
½ teaspoon
3 cloves
1 teaspoon
150 g
1 unit
1 unit
1 tablespoon
1 teaspoon
1 tablespoon

Spices (to taste): turmeric powder and asafetida.
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

5 servings
2 ladles
3 ladles

Method of preparation:
Wash the lentils in running water and soak them in water for 1 hour. Drain and set aside.
Wash and cut the eggplant into small cubes. Soak the eggplant in water until cooking to avoid
browning.
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In a pressure cooker, cook the taro in water for 15 minutes. Allow the pressure to decrease
naturally. Peel the yam. Mash with a fork and set aside.
In another pan, heat the oil. Sauté the tomatoes, onions, chili, garlic, and grated ginger. Add the
lentils, cooked yam, and eggplant. Add 1 glass of water, a pinch of turmeric and asafetida. Cook
until the lentils soften.
Add amaranth leaves and parsley, and season with salt. Cook for another 3 minutes.
Serve with spinach, chutney and poori.
*Adapted from https://www.vegrecipesofindia.com/restaurant-style-dal-tadka/

30. PALAK POORI * (nonfermented whole-wheat bread and spinach)
Ingredient
Whole-wheat flour
Spinach leaves (chopped)
Sea salt
Olive oil
Water
Wheat flour

1,600/2,100-kcal diets
¼ cup
½ cup
1 pinch
¼ teaspoon
SQ
SQ for sprinkling

Spices (to taste): powdered ginger, ajwain seeds, and chili powder
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

1 large unit or 2 small
units
1 large unit
1½ large unit

Method of preparation:
In a pan, boil water, and blanch the spinach for 1 minute. Drain. In a food processor, blend into a
paste. If necessary, add water.
In a bowl, mix the flour, salt, a pinch of powdered ginger, a pinch of ajwain seeds and chili powder.
Add the spinach paste. Process into a dough that does not stick to the hands (if necessary, add
water).
Let the dough rest for 30 minutes covered.
On a floured surface, roll the dough into a medium-thickness disk with a rolling pin.
Heat a nonstick or iron skillet and grease with vegetable oil. Fry the disk on one side until golden
brown. With a spatula, turn and fry until golden.
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Serve with chutney and dal.
*Adapted from https://www.vegrecipesofindia.com/palak-puri-recipe/

31. PINEAPPLE CHUTNEY (jam with spices)
Ingredient
Pineapple (cubed, small)
Coconut oil
Fresh mint leaves
Salt

1,600-kcal diet
½ unit
1 teaspoon
1 handful
1 pinch

2,100-kcal diet
½ unit
1 teaspoon
1 handful
1 pinch

Spices to taste: chili, cloves, asafetida powder, and curry leaves
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

3 servings
1 ramekin (50 g)
1 ramekin (50 g)

Method of preparation:
In a pan, heat the coconut oil. Sauté the chili and 3 cloves until an aroma is released. Add the
pineapple and water. Cook until the pineapple softens. Add a pinch of asafetida powder and curry
leaves. When cooked, remove from heat, and add mint leaves.
Serve in a ramekin or small bowl as an accompaniment to the poori.

DAY 5
Breakfast
GINGER TEA
Ingredient
Filtered water
Fresh ginger

1,600/2,100-kcal diets
1 cup
3 roots

Yield

1 cup

Method of preparation:
Peel ginger. Boil in water for 3 minutes. Remove from heat, cover, and let stand for another 3
minutes. Serve warm.
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32. RAVA UPMA * (semolina, buckwheat and chickpea salted porridge with cashews and spices, southern
Indian style)
Ingredient
Semolina
Buckwheat flour
Coconut oil
Chana dal (split chickpeas)
Urad dal (black gram)
Cashews
Onion (finely chopped)
Red chili (chopped)
Fresh ginger (grated)
Sea salt
Coriander leaves (chopped)
Chia seeds
Mustard seeds
Filtered water

1,600-kcal diet
1 cup, 170 g
2 tablespoons
1 teaspoon
1 tablespoon
1 tablespoon
4 units
½ unit
1 unit
1 teaspoon
1 pinch
1 handful
1½ teaspoons
1 teaspoon
2 cups

2,100-kcal diet
1 cup, 170 g
2 tablespoons
1 teaspoon
2 tablespoons
2 tablespoons
4 units
½ unit
1 unit
1 teaspoon
1 pinch
1 handful
1½ teaspoons
1 teaspoon
2 ½ cups

Spices (to taste): curry leaves, mustard seeds, cumin seeds, and ginger
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

3 servings
1 shallow dish
1 deep dish

Method of preparation:
In a frying pan, heat the semolina without browning it. Set aside.
In a pan, heat the coconut oil, and sauté the mustard and cumin seeds, chana dal and urad dal.
Add the cashews and let them brown. Add the onion and brown. Add the chili, ginger, curry
leaves, water, and salt. Mix and bring to a boil. Lower the heat, and gradually add the semolina,
stirring to avoid lumps. Cook over low heat for 2 to 3 minutes. Top with fresh chopped
coriander leaves.
Serve hot in a bowl or deep dish.
* Adapted from https://www.vegrecipesofindia.com/upma-savoury-south-indian-breakfast-recipemade-with-semolina/
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Lunch
3. BASMATI RICE (aromatic Indian rice variety)
Ingredient
Basmati rice
Water SQ
Sea salt

1,600-kcal diet
3 tablespoons (40 g)
½ cup
⅛ teaspoon

2,100-kcal diet
4 tablespoons (60 g)
⅔ cup
¼ teaspoon

Method of preparation:
Wash the basmati rice under running water and drain. In a pan, add the water and salt. Cook rice
semicovered until the water is absorbed. Cover, remove from heat, and allow steaming to end.

33. KIDNEY BEAN CURRY
Ingredient
Kidney bean
Garlic
Chili
Ginger (fresh, chopped)
Cumin seeds
Olive oil
Onion (finely chopped)
Tomato (minced)
Paprika powder
Sea salt

1,600/2,100-kcal diets
1 cup (200 g)
3 units
1 unit
1 teaspoon
1 teaspoon
1 teaspoon
1 unit
3 units
1 tablespoon
½ teaspoon

Spices (to taste): asafetida powder, bay leaves, coriander, turmeric, and garam masala
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

5 servings
1 ladle
1½ ladles

Method of preparation:
Wash the kidney beans; drain and soak in water for 12 hours. Drain, rinse, and cook the beans and
3 bay leaves in fresh filtered water in a pressure cooker for 25 minutes. Turn off and allow the
pressure to decrease naturally. Set aside.
In a food processor, mix the garlic, chili and ginger until a paste is formed.
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In a pan, heat the oil over medium heat. Sauté the cumin seeds and onion until golden. Add the
ginger and garlic paste. Add the tomatoes and sauté until tender. Add a pinch of asafetida powder,
turmeric powder and paprika.
Add ½ ladle of beans to the stew, and mix well; mash with a spoon or potato masher. Add the
remaining beans and cooking broth. Season with salt.
Serve with basmati rice and vegetables.
* Adapted from https://www.vegrecipesofindia.com/rajma-masala-recipe-restaurant-style/#recipevideo

34. ROSEMARY PUMPKIN
Ingredient
Pumpkin
Fresh rosemary
Sea salt
Olive oil

1,600/2,100-kcal diets
1 large slice (150 g)
5 small sprigs
1 pinch
¼ teaspoon

Yield

1 serving

Method of preparation:
Wash the pumpkin; cut it into slices (with the peel), and remove the seeds.
Place the pumpkin slices in an ovenproof dish greased with olive oil. Sprinkle the pumpkin with
salt. Add the rosemary sprigs. Cover with aluminum foil and bake for 40 minutes in an oven at
250°C.
Serve as a side dish.

Snack
Ingredient
Papaya
Oat flakes
Flaxseed
Pomegranate

1,600-kcal diet
½ unit (150 g)
2 tablespoons (30 g)
½ tablespoon (7.5 g)
¼ unit (50 g)

2,100-kcal diet
½ unit (150 g)
2 tablespoons (30 g)
1 tablespoon (15 g)
½ unit (100 g)
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Wash the papaya; peel and cut in half. Remove the seeds. Break the pomegranate and remove the
seeds. In a food processor or blender, grind the flaxseed into a flour consistency.
Sprinkle the oats over the papaya and add the pomegranate seeds and flaxseed flour.

Dinner
35. BENGALI KICHARI* (single dish of basmati rice, mung dal, vegetables and peas with spices, traditional
preparation at the Durga Puja festival)
Ingredient
Basmati rice
Mung dal
Olive oil
Ginger (fresh, grated)
Turmeric powder
Red chili
Tomato (minced)
Potato
Chopped cauliflower
Fresh green pea
Carrot
Sea salt

1,600/2,100-kcal diets
1 cup (200 g)
1 cup (200 g)
2 tablespoons
1 teaspoon
½ teaspoon
1 unit
2 units
1 large unit
1 cup
1 cup
1 unit
¼ teaspoon

Spices (to taste): asafetida powder, clove, cinnamon stick, cardamom, cumin seeds, bay leaves,
turmeric powder, and chili powder
Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

5 servings
1 shallow bowl, 4 ladles
1 deep bowl, 5 ladles

Method of preparation:
Wash the rice under running water.
In a pan, toast the dal until it begins to turn slightly golden. Remove from heat, and cool covered
with a little water. Just before seasoning, drain the rice and dal.
In a pressure cooker, heat the oil. Toast 1 cinnamon stick, 3 cardamoms, 3 cloves, 2 bay leaves and
½ teaspoon of cumin seeds. Add the grated ginger. Add a pinch of turmeric powder, chili powder
and a pinch of asafetida. Add the tomatoes and fresh chili. Add the chopped vegetables, and sauté
for a few minutes. Add the toasted dal, and sauté for 2 minutes. Add the rice and stir well. Add 5
cups of water and salt.
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Cover and cook for 8 minutes. Allow the pressure to decrease naturally.
Serve hot in a bowl or deep dish.
*Adapted from https://www.vegrecipesofindia.com/bengali-moong-dal-khichdi-recipe/
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6. NORTH AMERICAN MENU
Milena Dias Brandão

Presentation message

Menus
Breakfast

Day 1

Day 2

Day 3

Day 4

Day 5

Oatmeal with soy
milk, chia seeds,
peanut butter,
blueberry, and
cinnamon

Tofu with kale,
carrot, tomato,
basil, and
pumpkin seeds

Smoothie with
banana,
strawberry,
spinach, almond
paste, flaxseed,
turmeric, and
black pepper

Whole-grain
toast with
seasoning,
avocado, tomato,
cucumber, radish,
alfalfa sprouts
and hemp seeds.

Pancake with maple
syrup and
blueberries

Baked potato
Raspberries
Lunch

Lettuce, tomato,
broccoli, kidney
beans and coriander
salad with a tahinilemon dressing

Arugula salad
with olives and
beet

Macaroni and
cheese
Asparagus

Chickpea curry
with eggplant

Chickpea burger
Coleslaw
Pickles
Orange

Mashed potato with
gravy and sautéed
mushrooms
Peas with parsley

Pumpkin seeds
Cooked or roasted
corn with tofu paté
and cashew nuts 2

Grapefruit
Brown rice

Brussel sprouts
roasted with
sesame

Grilled okra
Nuts
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Snack

Dinner

Hummus with celery
and carrot sticks

Roasted
chickpeas

Apple
Almonds

Papaya with
pistachios and
chia seeds

Soup with peas,
edamame, spinach,
and leeks

Lettuce, tomato,
cucumber, basil,
and almond salad

Melon

Roasted
cauliflower,
broccoli, and
sweet potato

Bread with
peanut butter
and jam

Chia seeds
hydrated in soy
milk, served with
blackberries

Cookies
Soy milk

Soymilk
Edamame
Soup with kale
and tofu

Whole-grain
pasta with a lentil
Bolognese sauce
Roasted broccoli

Hamburger: bread,
black bean burger,
avocado, jalapeno
pepper, lettuce,
tomato, and
sunflower seeds
Baked sweet potato

Black beans

General observations:
-

Most cooked, roasted, or braised preparations are made in water instead of fat. When fat is
required, it is mentioned in the recipe.
The use of 6 g of salt (1 teaspoon) per day was considered for each menu.
The menus include calcium-enriched sugar-free soy milk, which can be replaced by any other
vegetable milk containing a similar amount of protein and calcium.

Nutritional adequacy of the menu
The complete and detailed nutritional structure of the menu is available in APPENDIX 2 at the end of
the guide.
The mean nutritional values for the 5-day menu, compared to the needed values, are provided below.

Parameter
Energy (kcal)
Carbohydrate (%)
Lipids (%)
Protein (%)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)

1,600-kcal diet
Needed
1,600
45-65%
25-35%
10-35%
0.8
275
1,100
1,045
2,310

Calculated
1,589.4
55.1
27.1
17.7
1.5

Adequacy (%)

733.0
2,205.4
2,386.2
4,116.7

266.5
200.5
228.3
178.2

187.5
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Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

Parameter
Energy (kcal)
Carbohydrate (g)
Lipids (g)
Protein (g)
Protein (g/kg)
Amino acids
Tryptophan (mg)
Threonine (mg)
Isoleucine (mg)
Leucine (mg)
Lysine (mg)
Methionine with cysteine (mg)
Tyrosine with phenylalanine (mg)
Valine (mg)
Histidine (mg)
Dietary fiber (g)
ω-6 fatty acids (g)
ω-3 fatty acids (g)
ω-6:ω-3 ratio
Micronutrients
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin C (mg)

2,090
1,045.00
1,815.00
1,320
770
25
12.00
1.76
4 to 1

3,107.5
1,606.6
4,433.5
2,829.8
1,652.7
53.3
13.1
6.0
2.2 to 1

148.7
153.7
244.3
214.4
214.6
213.1
109.2
340.9

1,000
18
8
75

1,101.7
23.2
12.6
272.1

110.2
129.1
157.5
362.8

Calculated
2,085.8
56.0
27,2
17.8
1.4

Adequacy (%)

350
1,400
1,330
2,940
2,660
1,330
2,310
1,680
980
25
17
2.31
4 to 1

818.8
2,456.0
2,608.2
4,557.9
3,357.5
1,837.4
4,889.6
3,102.2
1,804.9
67.9
17.3
7.3
2.4 to 1

233.9
175.4
196.1
155.0
126.2
138.2
211.7
184.7
184.2
271.5
101.9
314.6

1,000
8
11
90

1,389.2
29.9
16.2
351.0

138.9
373.8
147.4
390.0

2,100-kcal diet
Needed
2,100
45-65%
25-35%
10-35%
0.8

175.0

In addition to food, we suggest the following (in the absence of monitoring by a health professional):
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-

Vitamin B12: 500 μg/day;
Vitamin D2 or D3 (vegan): 2,000 IU/d (if sun exposure is insufficient); and
Iodine: 150 μg (for those who live in countries that do not have foods enriched with iodine).

RECIPES

DAY 1
Breakfast
1. OATMEAL
Ingredient
Oat
Soy milk
Chia seeds
Peanut butter
Blueberry
Cinnamon

1,600-kcal diet
3 tablespoons
250 ml
1 tablespoon
1 dessertspoon
½ cup
1 teaspoon

2,100-kcal diet
4 tablespoons
300 ml
1½ tablespoons
1 tablespoon
¾ cup
1 teaspoon

Method of preparation:
Mix the oatmeal and the soy milk and cook on low heat until the desired consistency.
Once ready, add the peanut butter and mix.
Top with blueberries, chia seeds and cinnamon.

Lunch
Ingredient
Kidney beans
Lettuce
Tomato
Broccoli
Coriander
Tahini
Lemon
Corn

1,600-kcal diet
¼ cup (uncooked)
4 leaves
1 unit
2 cups (raw)
1 dessertspoon
1 tablespoon
½ tablespoon
1 ear

2,100-kcal diet
⅓ cup (uncooked)
4 leaves
1 unit
2½ cups (raw)
1 dessertspoon
1 teaspoon
1 tablespoon
1½ ears

477

Salad:
Preparation: Soak the beans in water for 8 hours. Discard the water and cook the beans in salted
water. Drain the beans before adding them to the salad. Cut the broccoli into florets and steam.
Finely chop the lettuce and coriander. Cut the tomato.
Sauce: mix tahini with lemon juice and salt (to taste).
Assembly: toss the lettuce with the tomato, broccoli, kidney beans, coriander and tahini sauce.
The corn can be cooked in salted water or roasted. Serve with tofu paté and cashew nuts.

2. TOFU PATÉ AND CASHEW NUTS
Ingredient
Cashew nuts
Tofu
Salt
Water

1,600/2,100-kcal diets
3 tablespoons
100 g
to taste
120 ml

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

10 tablespoons
2 tablespoons
3 tablespoons

Method of preparation:
Boil the cashews in water for 5 minutes; drain the water.
Place all the ingredients in a blender and blend until smooth.

Snack
Ingredient
Celery
Carrot
Hummus
Apple
Almond

1,600-kcal diet
1 small stalk
1 average unit
4 tablespoons
1 unit
2 units

Cut celery and carrot into sticks; eat with the hummus.
Eat the apple and almonds separately.

2,100-kcal diet
1 small stalk
2 average units
5 tablespoons
1 unit
3 units
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Dinner
3. PEA, EDAMAME, QUINOA, SPINACH AND LEEK SOUP
Ingredient
Peas
Edamame
Quinoa
Spinach
Leek
Water

1,600-kcal diet
¼ cup
⅓ cup
2 tablespoons
3 cups
3 tablespoons
SQ

2,100-kcal diet
¼ cup
⅔ cup
3 tablespoons
4 cups
3 tablespoons
SQ

Method of preparation:
Let the peas soak the day before for approximately 8 hours. Drain.
Sauté the leeks with a little water until soft.
Add the peas and spinach and stir until the spinach softens.
Cover the ingredients with water and season with salt (to taste).
When the peas are ready, mix with a food processor or blender.
Add the quinoa and edamame and cook until they are ready.
Spices (to taste): garlic and onion powder, black pepper, cumin, and paprika.
Dessert: melon.
Ingredient
Melon

1,600-kcal diet
2 medium slices

2,100-kcal diet
2 medium slices

1,600-kcal diet
2 slices
2 leaves
⅓ unit
1 unit
1 teaspoon

2,100-kcal diet
3 slices
3 leaves
½ average unit
1 unit
1 teaspoon

DAY 2
Breakfast
4. MIXED TOFU
Ingredient
Tofu
Kale (chopped)
Carrot (grated)
Tomato
Dried basil
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Turmeric
Pumpkin seeds

½ coffee spoon
1 tablespoon

½ coffee spoon
1 tablespoon + 1 teaspoon

Method of preparation:
Mash the tofu with a fork or with your hands and place in a nonstick skillet over medium heat.
Stir occasionally until the tofu begins to dry.
Add the kale, carrot, tomato, basil, turmeric, and salt (to taste).
Mix well. Cook stirring occasionally until reaching the desired moisture content (wetter or drier).
Serve with the cooked potato.
Consume the raspberries separately.
Ingredient
Potato
Raspberry

1,600-kcal diet
1 unit
10 units

2,100-kcal diet
1½ units
15 units

Lunch
Hamburger with coleslaw, pickles, and salad.

Salad:
Ingredient
Arugula
Olives
Beet
Pickles
Oil
Orange

1,600-kcal diet
1 cup
5 units
2 tablespoons
1 unit
1 dessertspoon
1 unit

2,100-kcal diet
1½ cups
7 units
3 tablespoons
2 units
1 dessertspoon
1 unit

Method of preparation:
Steam the beets and refrigerate to cool. Mix with arugula and olives and season with juice from ½
orange and salt.
Eat the other half of the orange as a dessert.
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5. CHICKPEA BURGER
Ingredient
Chickpeas
Oats
Grated carrot
Onion
Parsley

1,600/2,100-kcal diets
½ cup
1 tablespoon
½ unit
½ unit
½ cup

Yield
1,600-kcal diet
2,100-kcal diet

3 burgers
2 units
3 units

Method of preparation:
Soak the chickpeas the day before for approximately 8 hours.
Drain and cook until very tender.
Drain the cooking water and mash the chickpeas with a fork.
In a pan, brown the onion.
Add the carrot, parsley, and salt (to taste). Stir and cook until the carrot begins to become tender.
Add the chickpeas and oats and mix well. Remove from heat.
Place in the refrigerator and let stand for 2 hours. Shape the burgers.
In a frying pan, brown both sides in a drizzle of olive oil.

6. COLESLAW
Ingredients
Raw cabbage
Raw carrots (grated)
Raw radish (grated)
Sunflower seeds
Tahini
Lemon juice
Dijon mustard
Apple cider vinegar

1,600/2,100-kcal diets
3 cups
1 unit
1 unit
2 tablespoons
2 dessertspoons
½ lemon
1 dessertspoon
1 tablespoon
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Agave
Water

1 tablespoon
40 ml

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

16 tablespoons
3 tablespoons
4 tablespoons

Method of preparation:
In a blender, mix tahini, lemon juice, mustard, apple cider vinegar, agave and water until a
homogeneous consistency is obtained.
Place the cabbage, carrot, radish, and sunflower seeds in a container. Add dressing.
Toss and wait 15 minutes before serving to allow cabbage to soften.

Snack
7. ROASTED CHICKPEAS
Ingredient
Chickpeas
Paprika
Turmeric
Cayenne pepper
Oregano

1,600-kcal diet
3 tablespoons
½ coffee spoon
½ coffee spoon
½ coffee spoon
½ coffee spoon

2,100-kcal diet
4 tablespoons
½ coffee spoon
½ coffee spoon
½ coffee spoon
½ coffee spoon

Method of preparation:
Soak the chickpeas for approximately 8 hours.
Cook in a pressure cooker for 10 minutes.
Drain the water (aquafaba). Place the beans on a baking sheet, and season with paprika (sweet,
smoked, or spicy), tumeric, cayenne pepper, oregano, and salt.
Bake for approximately 30 minutes until the beans are crunchy on the outside and soft on the
inside.
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With the roasted chickpeas, eat papaya topped with chia seeds and pistachios.
Ingredient
Papaya
Chia seeds
Pistachios

1,600-kcal diet
½ unit
1 tablespoon
1 tablespoon

2,100-kcal diet
½ unit
1 tablespoon + 1 teaspoon
1 tablespoon + 1 teaspoon

Dinner
Ingredient
Black bean
Sweet potato
Cauliflower
Broccoli
Smooth lettuce
Tomato
Cucumber
Almonds
Basil

1,600-kcal diet
¼ cup (uncooked)
½ average unit
3 tablespoons
3 tablespoons
6 leaves
1 unit
⅓ unit
1 tablespoon
2 teaspoons

2,100-kcal diet
⅓ cup (uncooked)
⅔ average unit
4 tablespoons
4 tablespoons
7 leaves
1 unit
⅓ unit
1 tablespoon + 1 teaspoon
2 teaspoons

Finely chop the lettuce, tomato and cucumber and combine with the basil and almonds.
Bake the cauliflower, broccoli, and sweet potato with salt.
Cook the black beans in salted water after soaking for 8 hours.
Add the other dry seasonings (to taste): garlic and onion powder, paprika, cumin, coriander
powder, turmeric, etc.

DAY 3
Breakfast
8. SMOOTHIE
Ingredient
Banana
Strawberry
Spinach
Almond butter
Flaxseed

1,600-kcal diet
1 average unit
1 cup
2 cups
1 tablespoon
1½ tablespoons

2,100-kcal diet
1 average unit
1 ½ cups
2 cups
1 tablespoon + 1 teaspoon
2 tablespoons
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Turmeric
Black pepper
Water

1 teaspoon
½ teaspoon
300 ml

1 teaspoon
½ teaspoon
350 ml

Method of preparation
Strawberry, banana, and spinach can be fresh or frozen.
Mix the flaxseed, turmeric, black pepper, and spinach in 100 ml of water.
Then, blend with all other ingredients until smooth.

Lunch
9. MACARONI AND CHEESE
Ingredient
Cashews
Macadamia nuts
Nutritional yeast
Carrot
Dijon mustard
Soy milk (unflavored and
unsweetened)
Lemon
Garlic powder
Black pepper

1,600/2,100-kcal diets
½ cup
⅓ cup
3 tablespoons
1 small unit
1 tablespoon
400 ml

Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

16 tablespoons
3 tablespoons
4 tablespoons

1 unit
1 teaspoon
1 teaspoon

Method of preparation:
While the pasta is cooking, cook the carrots until very tender, and boil the cashews and macadamia
nuts for 5 minutes.
Drain the carrots and nuts.
Mix all the ingredients in a blender until smooth.
Serve with pasta and top with pumpkin seeds.
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Eat with grilled asparagus.
Ingredient
Whole-grain noodles
Asparagus
Pumpkin seeds

1,600-kcal diet
50 g
6 units
1½ tablespoons

2,100-kcal diet
65 g
8 units
1½ tablespoons

Ingredient
Whole-grain bread
Peanut butter
Jelly
Soy milk

1,600-kcal diet
2 medium slices
1 tablespoon
1 tablespoon
200 ml

2,100-kcal diet
2 medium slices
2 tablespoons
1 tablespoon
250 ml

Snack

Spread peanut butter on one slice of bread and jelly on the other. Combine the slices to form a sandwich.
Serve with a glass of soy milk.

Dinner
10. PUMPKIN SOUP
Ingredient
Pumpkin with peel
Pink lentils
Ginger
Garlic
Onion
Dry sage
Chopped kale
Tofu

1,600-kcal diet
5 slices
¼ cup
3 slices
1 clove
½ unit
½ teaspoon
3 cups
2 slices

Method of preparation:
Sauté garlic, onion, and ginger with a little water.
Add sage, squash, and lentils.
Mix and sauté for approximately 3 minutes.
Cover with water and cook until very tender.

2,100-kcal diet
7 slices
⅓ cup
3 slices
1 clove
½ unit
½ teaspoon
4 cups
3 slices
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Blend and set aside.
Sauté the kale with water and salt.
Broil the tofu (cubed) with salt.
Mix the kale and tofu with the whipped cream.

DAY 4
Breakfast
Ingredient
Whole-grain bread
Tempeh
Avocado
Tomato
Cucumber
Radish
Alfalfa sprout
Hemp seed
Grapefruit

1,600-kcal diet
1 slice
50 g
1 unit
½ unit
3 slices
4 slices
1 tablespoon
1 tablespoon
1 unit

2,100-kcal diet
2 slices
75 g
1 unit
1 unit
6 slices
6 slices
1 tablespoon
3 slices
½ unit

Broil the seasonings.
Mash the avocado, tomato, cucumber, and radish and spread on bread. Top with sprouts and hemp seeds.
Eat the grapefruit separately.

Lunch
11. CHICKPEA CURRY
Ingredient
Chickpeas
Eggplant
Bell pepper
Coconut milk
Curry
Paprika
Turmeric

1,600-kcal diet
¼ cup
3 slices
3 slices
30 ml
1 coffee spoon
½ coffee spoon
½ coffee spoon

2,100-kcal diet
⅓ cup
3 slices
3 slices
30 ml
1 coffee spoon
½ coffee spoon
½ coffee spoon
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Coriander
Water

1 dessertspoon
SQ

1 dessertspoon
SQ

Method of preparation:
Soak the chickpeas in water the day before for approximately 24 hours. Cook the chickpeas in fresh
with salt until tender. Set aside.
Cut the eggplant into 1 cm cubes.
In a pan, sauté the eggplant with the peppers and dry seasonings.
Add the chickpeas and cover with water.
Boil for 5 minutes. Add the coconut milk and the coriander.
Cook for another 5 minutes.
Serve with cooked rice and roasted brussels sprouts.
Ingredient
Brown rice
Brussel sprouts
Sesame

1,600-kcal diet
2 tablespoons (uncooked)
5 units
1 tablespoon

2,100-kcal diet
3 tablespoons (uncooked)
7 units
1½ tablespoons

Cook the brown rice in water until tender.
Bake the brussels sprouts in the oven or on the grill.
Top with sesame seeds.

Snack
Ingredient
Chia seeds
Vegetable milk
Blackberry
Edamame

1,600-kcal diet
1½ tablespoons
250 ml
½ cup
½ cup cooked grain

2,100-kcal diet
1½ tablespoons
300 ml
1 cup
⅔ cup

In a pot, mix the chia seeds and soy milk and place in the refrigerator for 1 hour. Before eating,
add the blackberries.
Eat the edamame separately.
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Dinner
12. LENTIL BOLOGNESE SAUCE
Ingredient
Lentils
Tomato sauce
Onion
Garlic
Water

1,600-kcal diet
¼ cup
1 cup
¼ unit
1 tooth
SQ

2,100-kcal diet
¼ cup
1 cup
¼ unit
1 tooth
SQ

Method of preparation:
Soak the lentils the day before for approximately 8 hours.
Sauté the lentils with onion, garlic, and salt. Cover with water and cook until tender.
Add the tomato sauce and cook until reaching the desired consistency.
Serve with pasta and roasted broccoli.
Ingredient
Macaroni
Broccoli

1,600-kcal diet
65 g
2 cups (raw)

2,100-kcal diet
65 g
2 cups (raw)

Cook the pasta in water and bake the broccoli in the oven or on the grill.

DAY 5
Breakfast
13. BANANA PANCAKES
Ingredients
Banana
Soy milk
Buckwheat
Flaxseed
Baking powder
Cinnamon
Vanilla extract
Oil

1,600/2,100-kcal diets
2 units
250 ml
1 cup
1 tablespoon
1 teaspoon
1 teaspoon
½ teaspoon
1 tablespoon
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Yield
Portion for a 1,600-kcal diet
Portion for a 2,100-kcal diet

12 units
3 units
4 units

Method of preparation:
Mash the bananas with a fork.
Add all other ingredients to the mashed banana and stir well until smooth.
Scoop (serving spoon or ladle, depending on the desired size of the pancake) the mix onto a frying
pan greased with a little olive oil, and cook over medium heat.
When the bottom browns, flip and brown the other side.
Do not press on the pancake with a spoon or spatula when cooking.
Serve with maple syrup and blueberries.
Ingredient
Maple syrup
Blueberry

1,600-kcal diet
2 tablespoons
1 cup

2,100-kcal diet
3 tablespoons
1 cup

Lunch
14. POTATO PUREE
Ingredient
Potato
Soy milk (unflavored and
unsweetened)
Garlic
Chives

1,600/2,100-kcal diets
3 units
35 ml

1,600-kcal diet
2,100-kcal diet

3 tablespoons
4 tablespoons

2 cloves
2 tablespoons

Method of preparation:
Peel the potatoes and cook in salted water until tender.
Mash with a potato masher or fork.
Sauté garlic with chives and a little water.
Add the soy milk to the mashed potatoes.
Mix well.
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15. GRAVY
Ingredients
Onion
Carrot
Celery
Dry mushroom (porcini or
shitake)
Tomato sauce
Soy milk (unflavored and
unsweetened)
Wheat flour
Garlic powder
Fresh thyme
Bay leaf

1,600/2,100-kcal diets
1 unit
1 unit
1 stalk
8 units

Yield
1,600-kcal diet
2,100-kcal diet

3 cups
3 tablespoons
4 tablespoons

1 tablespoon
1 tablespoon
1 tablespoon
1 teaspoon
1 sprig
2 leaves

Method of preparation:
In a pan, prepare the vegetable broth: sauté the carrots, celery, bay leaves and dry mushrooms.
Add 1 liter of water and cook over low heat for 30 minutes. Remove the celery and bay leaves and
set aside.
Sauté the onion with a little water until it begins to become translucent.
Add garlic powder and wheat flour and stir well.
Strain the vegetable broth and add tomato sauce, soy milk and thyme.
Cook for approximately 5 minutes.
Transfer the contents to a blender, and blend until smooth.
For thicker gravy, return the contents to the pan and cook over low heat until the desired
consistency.
Serve with mashed potatoes, sautéed fresh mushrooms, peas with parsley and grilled okra. Crush the
nuts into small pieces and sprinkle over the plate.
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Ingredient
Peas
Okra
Mushroom
Nuts
Parsley

1,600-kcal diet
½ cup
6 units
½ cup (raw)
3 units
1 tablespoon

2,100-kcal diet
2/3 cup
6 units
1 ½ cup (raw)
65 g
1 tablespoon

Snack
16. COOKIES
Ingredient
Coconut
Sunflower seed paste
Chocolate, 70%
Oats
Banana
Dates
Vanilla extract

1,600/2,100-kcal diets
2 tablespoons
4 tablespoons
2 tablespoons
1 ½ cup
2 units
2 units
½ teaspoon

Yield
Portion for a 1600-kcal diet
Portion for a 2,100-kcal diet

10 units
4 units
6 units

Method of preparation:
Preheat the oven to 180 degrees.
In a food processor, mix the bananas with the dates and then add the other ingredients, except
the chocolate.
The dough will not be smooth.
Form cookies and add the chocolate in drops or spread on top with a knife.
Bake for approximately 15 minutes (the time may vary based on the oven used).
Serve the cookies with vegetable milk.
Ingredient
Soy milk

1,600-kcal diet
250 ml

2,100-kcal diet
300 ml
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Dinner
17. BLACK BEAN BURGER
Ingredients
Black bean
Red pepper
Red onion
Coriander
Paprika
Cumin
Allspice
Flaxseed flour

1,600/2,100-kcal diets
¼ cup
2 tablespoons
½ unit
2 tablespoons
1 teaspoon
1 coffee spoon
½ coffee spoon
1 tablespoon

Yield
1,600-kcal diet
2,100-kcal diet

3 units
1 unit
2 units

Method of preparation:
Soak the black beans the day before for approximately 8 hours.
Cook the black beans in water with salt until tender. Drain the beans.
Put all ingredients in a food processor, except linseed flour.
Mix slightly but maintain the texture.
Transfer the contents to a plate and mix with the flaxseed flour.
Place in the refrigerator and let stand for 2 hours. Then, shape the burgers.
Bake in a preheated oven for approximately 20 minutes (the time may vary based on the oven
used). Turn the burgers after 10 minutes.
Assemble the burger:
Bread, black bean patty, chopped or mashed avocado, lettuce, sliced tomato, jalapeno pepper (thin
slices), sunflower seeds and another piece of bread.
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Serve with roasted sweet potato on a toothpick.
Ingredient
Whole-grain bread
Avocado
Lettuce
Tomato
Jalapeno pepper
Sunflower seeds
Sweet potato

1,600-kcal diet
2 units
2 tablespoons
2 leaves
4 slices
1 dessertspoon
1 tablespoon
½ average unit

2,100-kcal diet
2 units
1½ tablespoon
2 leaves
4 slices
1 dessertspoon
2 tablespoons
½ average unit
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