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justice movement and lifestyle that not only includes
a strict PB diet, but also condemns the exploitation
and use of animals in any form (e.g., for use as food,
clothing and or entertainment). Accordingly, all
vegans consume a PB diet but not all PB eaters are
vegan.
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Practical Implications
Whole foods plant-based diets are increasing in popularity as mounting evidence suggests that they
decrease the risk of cardiovascular diseases, diabetes, cancer and all-cause mortality and also promote a
healthier environment and help mitigate global warming.
Motivations for following a plant-based diet may include improving physical health, reducing the
environmental impact of food choices, animal rights/ethics, and in the case of athletes optimizing body
composition and exercise and sport performance.
As with omnivorous diets, there are certain nutrients for which athletes following a plant-based diet
should be mindful of consuming in appropriate quantities.
Although vitamin B-12 is the only nutrient that cannot be sourced exclusively from plants, nutrients to
be mindful of on a plant-based diet include protein, omega-3 fats, iron, zinc, calcium, and vitamin D.
Several studies show that plant-based eating patterns neither improve nor hinder physical performance
or resistance-training goals, which may bring comfort to those committed to a vegan lifestyle for ethical
reasons.
Animal protein is not required to build and repair muscle since well-balanced plant-protein meals can
provide an excess of all the essential amino acids with sufficient bioavailability.
Select ergogenic aids (creatine, carnosine [via beta-alanine]) are required in supplement form to enhance
performance in both omnivorous and plant-based athletes.
Athletes who decide to transition to a diet that is mostly or exclusively plant-based can feel confident
that they will typically see an improvement in their overall nutrient intake due to increased intakes of
fruits, vegetables, beans, nuts and seeds, and whole grains that provide high levels of vitamins, minerals,
antioxidants and fiber, while also being very low in saturated fat.

Introduction
Interest in the benefits of a plant-based (PB) diet
has risen sharply in recent years. Accordingly, it is
important to examine the impact of PB diets not only
on physical health, but also on exercise capacity
and performance in athletes and active individuals.
Athletes’ dietary patterns range substantially in
the degree of inclusion of animal-sourced foods
(ASF), from high intakes to the complete avoidance
of foods or food ingredients of animal origin. With
many athletes making the “switch” to a PB diet, it
is relevant to consider whether the replacement of
ASF with plant proteins and plant-focused eating in
general may impact exercise and sport performance.

Under the umbrella of “plant-based”, vegans and
vegetarians share a disavowal of meat or animal flesh
consumption but differ regarding the use of ASF (e.g.,
eggs) and animal by-products (e.g., casein). The term
“plant-based” is sometimes used interchangeably
with “vegan” to describe a dietary pattern that is
100% plant-based or exclusively derived from plants
[1], but most individuals seem to understand “plantbased” as being more like vegetarian, i.e., “mostly”
plant-based. This review will use the term “plantbased” to indicate that the diet is based on “all” or
“almost all” plants. This implies that a serving of
milk, cheese, eggs, fish or foods containing animalderived ingredients are consumed never or rarely,
i.e., no more than 1-2 times per week. In comparison,
the term “vegan” or “veganism” is characterized as a
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Factors contributing to the rise in popularity of
PB diets include: (1) health benefits associated
with increased intakes of plant-sourced proteins;
(2) concerns regarding adverse health effects
of consuming diets high in animal protein (e.g.,
increased saturated fat); 3) the impact of meat on
climate change and the environment; and 4) ethical
issues regarding the treatment of animals, including
concerns for the increased risk of future pandemics
through high-density livestock operations [2, 3].
For many athletes, however, the question is at
what degree of restriction of animal foods will I
see a performance benefit? But perhaps a more
appropriate question to ask is “Can a plant-centered
diet adequately serve my health, body composition
and performance goals”? That is, can an athlete
adopt a strictly PB diet and still expect to perform
optimally? Beliefs and attitudes in the sporting
community surrounding the need for animal-sourced
proteins must embrace a conceptual paradigm shift
if we are strictly basing nutritional strategies on
how it relates to performance outcomes. In essence,
a PB diet need not be superior to one including ASF,
but it must be at least equivalent, which then makes
it a viable and acceptable option for athletes.
This review will outline which nutrients may need
more consideration when adopting a PB dietary
pattern, how this may impact exercise performance
and recovery, and address concerns framing the
appropriacy of plant proteins for hypertrophy and
strength. Concern for adequacy and bioavailability
for plant-sourced micronutrients and the need
for nutritional supplements for general health or
ergogenic performance enhancement will also be
discussed.

Plant-Based Diets, Health
and Performance
The accumulating evidence on the health benefits
of PB diets have made them of interest not only
to consumers, but also to healthcare professionals
and researchers. Among Western populations PB
diets are being adopted for their role in optimizing

health and the ability to lower the risk of many
chronic diseases [4]. Although there is significant
heterogeneity in the types and specific definitions of
PB diets, the complete exclusion of animal products
has been found to be significantly associated with
beneficial changes to health. These beneficial
changes mainly impact cardiometabolic CVD risk
factors, through lower BMIs, improved blood glucose
and lipid profiles, lowered inflammation, and blood
pressure [1, 2, 5-9] , while also showing a reduced
risk of several cancers [10-12] compared to most
animal-heavy omnivorous diets, which are typically
lower in whole grains, vegetables, fruits, nuts and
seeds, and legumes [13].
Habitual dietary intake also has a profound effect
on shaping the human microbiome which is not a
fixed trait but instead responds to environmental
stimuli such as nutrition, and is a malleable part
of the human health. The benefits of plant-derived
nutrition on the composition and diversity of
the human gut microbiota have been noted after
the adoption of a PB diet [14, 15]. For example,
prebiotics are nondigestible dietary plant fibers
that stimulate growth of beneficial gut bacteria and
confer a health benefit upon the host [16]. Common
food sources of prebiotics are pulses, artichokes,
whole grains, bananas, peas, beans, asparagus,
and garlic, leeks and onions [16]. Of note, high
protein intakes (typical in athletes) without plantderived dietary fiber may offset the positive effect
of training and exercise on gut microbiota but may
also significantly lower the relative abundance
and diversity of beneficial bacteria [17, 18]. Healthpromoting effects of the gut microbiota are primarily
derived through the fermentation of dietary fiber to
produce short-chain fatty acids (SCFAs), endogenous
signals with important roles in lipid homeostasis,
immunoregulation, maintenance of tissue barrier
function (intestinal wall integrity) and regulation of
systemic levels of inflammation [19, 20]. Prioritizing
the health of the gut microbiome, through wholefoods PB diets, may also offer a several advantages
for high-intensity training athletes to improve and
manage metabolic, immune, and gastrointestinal
disorders [21, 22].
Potential mechanisms linking a diet high in PB foods
to improved athletic performance are limited, but
not absent [23-25]. Importantly, many reports show
that PB eating patterns neither improve nor hinder
physical performance [26, 27] or resistance training
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goals [28], which may bring comfort to those
committed to a PB/vegan lifestyle for reasons beyond
personal gain. For example, in a review of eight
studies, no acute differences were reported between
PB diets and omnivorous diets when measuring
muscular power, muscular strength, anaerobic or
aerobic performance [26]. Similarly, other studies
suggest that PB diets do not compromise endurance
performance [29] and may facilitate aerobic capacity
in athletes [30]. In this study [30] comparing young
athletes who were either omnivores or a mixture of
vegetarians composed of lacto-ovo-vegetarians and
vegans for at least 2 years, the authors reported
higher VO2max levels in female vegetarians without
any differences in the male vegetarian group when
compared with omnivores. In the same study,
strength as measured by peak torque using leg
extensions was comparable between vegetarians
and omnivores in both men and women, reinforcing
the notion that performance can be maintained if
one choose to exclude ASF [30]. More recent findings
also reported that a PB diet was not detrimental to
endurance and muscle strength, and even showed
superior submaximal endurance in vegans compared
with omnivores [25]. It also appears that muscle
and strength development (discussed later) with
resistance training is supported by plant-sourced
proteins to the same degree as ASF [31-35], with
even stronger support at ingestions rates of protein
reaching ~1.6 g/kg/day [34].
To date, no robust data support athletic performance
improvements when switching to a PB diet, however,
the notion that diets high in plant foods may offer
performance benefits appears to have some merit
and plausibility on several fronts [24]. Studies of
diets in omnivores compared to vegetarians and
vegans have consistently shown that PB diets are
associated with lower BMIs and body fat levels [36,
37]. This is likely due to the higher fiber content and
lower caloric density of PB diets which may help to
optimize body composition, a key performance goal
in fitness and sport [38]. There is also a preponderance
of evidence to show that dietary strategies which
achieve high carbohydrate (CHO) availability (i.e.,
to support energy expenditure) are associated with
enhanced exercise capacity and sports performance,
especially in high intensity endurance activities
[39]. High CHO availability (from plant-sourced
foods) prior to and during exercise enhances CHO
(glycogen) storage and utilization, characteristics
that are deemed beneficial to performance, as CHO

oxidation produces more adenosine triphosphate
(ATP) per unit of oxygen than fat [40]. High CHO
PB diets foster effective maintenance of glycogen
concentrations which provide the fuel substrate
to support ongoing higher intensity training, sport
performance and recovery efforts [41]. In addition,
by reducing blood viscosity and improving vascular
flexibility and endothelial function, PB diets may
improve blood flow and therefore oxygenation in
skeletal and cardiac tissues [24], to further improve
cardiovascular function.
Phytochemicals refer to active substances in PB diets
that may provide unique benefits to highly active
individuals. Thousands of dietary phytochemicals
found in, for example, fruits, vegetables, nuts
and seeds, legumes, grains, and seed oils possess
antioxidant and anti-inflammatory properties
[23, 42]. Whole-food plant-focused diets usually
contain high amounts of phenolic acids, flavonoids
and carotenoids, which have strong antioxidant
properties, and therefore remove the excess of
active oxygen in the body and protect cells from
damage [43]. This can lead to reduced exerciseinduced oxidative stress and inflammation, and thus,
enhanced endurance performance, reduced muscle
damage, improved immune function and more
efficient recovery from training and competition [23].
The comparability of PB diets to those higher in
ASF with regard to performance along with the
well-established health, environmental and ethical
benefits of PB diets, make it an appealing choice
for many athletes [27]. Although athletes should
not necessarily expect to experience health and
performance improvements by eliminating animalderived proteins, the inclusion of more plant-foods
generally improves overall nutritional quality of
one’s diet. As always, the impact of dietary changes
for each individual will vary widely depending on
their current or baseline dietary pattern. Increasing
intakes and variety of plant-foods while also
choosing fish and poultry over red meat more often,
such as seen in a plant-focused Mediterranean diet
appears to offer consistent health benefits [44]. This
may be the most practical approach or “first step”
for many athletes. It is also important to note that
sustainability of a dietary pattern does not always
correlate with health. Vegan and mostly-PB diets
generally have much lower environmental impacts
than diets containing meat [44, 45], but a vegan
consuming excessive amounts of refined CHOs,
added sugars and ultra-processed foods could be
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Serving Size

Tofu
(extra firm)

¾ cup (185 g)

270

33

2.6

Edamame

1 cup (155 g)

190

18

1.1

Tempeh
(cooked)

3 oz (85 g)

165

17

1.2

Lentils
(cooked)

¾ cup (100 g)

165

15

1

Chickpeas
(cooked)

¾ cup (123 g)

200

11

0.8

Brown Rice

½ cup rice (98 g)

With Black beans ½ cup beans (85 g)

110
110

10
10

1.6
1.6

Pumpkin Seeds 1 oz (28 g)

160

9

0.7

115

9

0.6

3 tbsp (30 g)

? ?

Calories (kcal) Protein (g) Leucine (g)

Food

Hemp Hearts

?

Figure 1.
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at greater risk for increasing body fat levels and
chronic diseases than an omnivore consuming meat
and a variety of healthy PB foods [46]. Finally, as
with omnivorous diets, there are certain nutrients
in PB diets that merit extra planning and attention
to optimize health and performance for athletes.
Nutrients to consider when following a strictly or
mostly PB diet are canvassed below.

Macronutrients
Dietary Protein and Muscle Protein Synthesis
Resistance exercise training (RET) in combination
with dietary protein supplementation or increased
protein intake is common practice, in athletes,
recreational weight-lifters and active gym-goers,
with the aim of enhancing muscle growth and
strength. A single session of exercise stimulates
muscle protein synthesis (MPS) rates and, to a
lesser extent, rates of muscle protein breakdown
(MPB) [47]. Although post-exercise protein ingestion
is widely applied as a strategy to augment postexercise anabolic stimulation to facilitate the
muscle’s adaptive response to RET, the importance
of protein ingestion during this “anabolic window”
has been overestimated [34, 48, 49]. It appears
that RET alone exerts the greatest increase in posttraining mixed-MPS (mostly myofibrillar but also
include, mitochondrial and sarcoplasmic proteins)
in the order of ~65% from resting basal values [48].
This fact warrants emphasis when discussing the
efficacy of plant proteins for the purposes of MPS,
as adopting an appropriate and robust RET-program
is of overriding significance, whereas protein source
and timing, although important, is a secondary factor
to consider when optimizing adaptations to training
[48]. Ingestion of adequate protein over the 24-h
post RET session at a daily protein intake of ~1.6 g/kg
per day from animal or plant sources, separated into
~0.25 g/kg doses appear to be more influential on
adaptive changes with RET than amounts or timing
of post-exercise protein supplementation [34].
Historically, meat and other ASF and supplements
(e.g., whey protein powders) have been viewed
as key and critical components of an athlete’s
diet. Many animal protein advocates question the
adequacy of protein derived from a PB diet (Figure
1 & 2) to adequately support MPS for strength and
hypertrophy, and recovery from high intensity
exercise [50]. While PB protein sources often lack
one or more amino acids (yet are usually adequate

in 19 out of 20) in sufficient quantity to meet
human nutritional needs [21], a combination of
different proteins (Figure 2), including cereal-pulse
combinations (e.g., rice and beans, chickpeas and
quinoa), supplementation (plant protein powders
such as soy, potato, rice and pea-based) and fortified
food products (e.g., plant milks and PB meats), can
help to overcome this in strict vegan or vegetarian
diets [28]. The terms complete and incomplete are
misleading in relation to plant protein. Ingesting
protein from a variety of plant foods, over a 24hour period, supplies enough of all indispensable
(essential) amino acids when energy requirements
are being met [51].
Robust trial evidence has shown leucine to be the
dominant amino acid driving anabolism and skeletal
muscle accretion, through MPS [52]. Whey protein
has received much attention for muscle building due
to its high level of leucine, whereas plant proteins
tend to be lower in leucine and theoretically may
not reach a similar anabolic threshold unless
matched for leucine [33]. However, we generally
do not generally eat single foods, we eat mixed
meals that historically include a mix of plant and
animal foods (e.g., chicken, rice, and vegetables).
Mixed meals of solely plant-sourced foods shown
in Figure 2 includes values for total protein and for
the 9 essential amino acids. Three sample high plantprotein meals are compared to the protein content
of what are considered “very high quality” animalsourced proteins. In the given examples, protein
and leucine content are equivalent to or surpass
that which is contained in a serving of high-quality
animal protein (a single protein food, no sides).
The amounts and proportions of amino acids
consumed by vegetarians and vegans are typically
more than sufficient to meet and exceed individual
daily requirements, provided a reasonable variety
of foods are consumed and energy intake needs
are being met [32, 53] (Figure 2). Many studies
have reported no differences in muscle strength of
hypertrophy in response to RET and either plant vs
animal sourced protein powder supplementation
[31, 33, 35, 54]. One criticism of these comparisons
however is that overall dietary (i.e., food protein
in meals not protein supplements) protein intakes
may or may not be restricted to PB sources (in the
plant-protein supplemented group), therefore not
eliminating the potential effects of animals-based
proteins. To address this, in the most persuasive
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Tofu Stir-fry
Total Protein (g)
50

His*
1.2

Ile
2.2

Leu
3.7

Lys
2.3

Met
0.7

Phe
2.3

Thr
2.0

Trp
0.6

Val
2.5

*Single amino acid measurements are in grams **full recipe provided in the menu plan

Quinoa Chickpea Salad
Total Protein (g)
25

His
0.7

Ile
0.9

Leu
1.7

Lys
1.4

Met
0.4

Phe
1.2

Thr
0.8

Trp
0.3

Val
1.0

Leu
2.3

Lys
1.6

Met
0.5

Phe
1.5

Thr
1.2

Trp
0.3

Val
1.5

Tortilla Wrap
Total Protein (g)
31

His
0.9

Ile
1.3

TORTILLA WRAP

Chicken breast (4oz)
Total Protein
33

His
1.0

Ile
1.7

Leu
25

Lys
2.8

Met
0.9

Phe
1.3

Thr
1.4

Trp
0.4

Val
1.6

His
1.0

Ile
1.7

Leu
2.5

Lys
2.8

Met
0.9

Phe
1.4

Thr
1.6

Trp
0.4

Val
2.1

His
0.4

Ile
1.0

Leu
1.6

Lys
1.4

Met
0.6

Phe
1.0

Thr
0.9

Trp
0.2

Val
1.2

Steak (4oz)
Total Protein
34

Eggs (3 large)
Total Protein
19

Figure 2. - High protein plant-based meals containing similar or greater protein and leucine content
compared to animal proteins.
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study to date, researchers compared the effects of
a diet consisting of plant proteins exclusively vs an
omnivorous diet on RT-induced muscle adaptations
following a 12-week RT program in young males
under an optimal protein intake (1.6 g/kg per day)
combining whole foods plus supplemental protein
(either soy or whey protein isolates). No significant
differences were observed in increases in leg lean
mass, muscle cross sectional area CSA (rectus
femoris and vastus lateralis), fiber CSA (type I and
type II muscle fiber), and muscle strength following
diet and resistance training between the two groups,
regardless of dietary protein source [28].
Although the beliefs and attitudes surrounding
the superiority of animal-sourced proteins have
dominated sports nutrition practices and guidelines
for decades, a surge in plant protein research [28,
31, 35, 55] and the rampant growth of PB foods and
food products in the marketplace [56] have sparked
interest and wider acceptance of this dietary pattern.

and development. Similar to milk protein and whey,
soy protein essentially has an equivalent value for
bioavailability, and several more plant proteins (e.g.,
canola, potato, pea, barley, lentils and quinoa) are
also considered to be of high quality when adequate
amounts are ingested [59]. Although for some it
may be difficult to take in relatively large amounts
of protein from whole plant foods because they
typically have a low percentage of protein, many
PB meats, concentrated milks and an array of plant
protein powder isolates and concentrates make it
possible to consume 20 g or more of PB protein
in one serving as ready-to-drink shakes, powder
mixes, bars and other PB food products [55, 60]. In
addition, as noted earlier, there does not appear to
be a difference in the MPS response with subsequent
strength and hypertrophic adaptations when protein
intakes from a variety of sources (including plants
only) reach ~1.6 g/kg per day, separated into ~0.25 g
protein per kg per meal doses [28, 34].

Protein Recommendations
But What About Quality of Plant Proteins?
Two requirements for a protein to be considered
high quality, or complete, for humans are having
adequate levels of indispensable (essential) amino
acids to support human growth and development
and being readily digested and absorbed. The Protein
Digestibility Corrected Amino Acid Score (PDCAAS)
was developed in 1989 to compare the indispensable
amino acid content of a test protein (mg/g protein)
to a theoretical reference protein thought to meet
indispensable amino acid requirements (mg/g protein)
for a given age group, creating a ratio known as the
amino acid or chemical score [57]. The indispensable
amino acid with the lowest ratio is referred to as
the most limiting amino acid. Many plant-proteins
are low in 1-2 indispensable amino acids, but this
is easily rectified when a variety of plant-proteins
are consumed throughout the day or at the same
meal (see Figure 2). In 2011, the United Nations Food
and Agriculture Organization (FAO) introduced an
updated amino acid scoring system, the Digestible
Indispensable Amino Acid Score (DIAAS) [58] to
better reflect what amino acids are being digested as
opposed to calculating values based on fecal nitrogen
excretion. In general, most animal-based protein
sources, such as milk, whey, casein, eggs, and beef,
have excellent protein quality scores, as such, they
are generally considered complete protein sources
for supporting requirements for human growth

The Recommended Dietary Allowance (RDA) is
0.8 grams of protein per kilogram of body weight;
however, the Position of the Academy of Nutrition
and Dietetics, Dietitians of Canada, and the American
College of Sports Medicine [61] suggests that
athletes should consume 1.2-2.0 grams of protein
per kg to support the body’s adaptations to exercise
and increased protein turnover due to training. As
with the RDA, no unique recommendation is given
for athletes following vegetarian or vegan diets.
As long as athletes consume adequate energy
(kcal) from a well-balanced diet, vegetarian and
vegan athletes should be able to consume the
recommended amounts of protein through their diet
[62]. While there is general agreement about the
need for more protein, the debate about whether
certain types of proteins are more conducive for
building muscle and strength than others appears to
be waning as high quality research into PB proteins
and muscle and exercise physiology reveals that as
long as higher protein intakes are being met (1.6 g/
kg per day) protein source appears to be irrelevant
[28]. Studies examining the dietary intakes of
vegan and vegetarian endurance athletes have
also shown that these athletes are meeting their
recommended daily protein [29, 30]. Food sources
high in protein that are acceptable to sport-focused
individuals following PB diets include soy products
(tofu, tempeh, edamame, soymilk), pulses (beans,
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lentils, peas) and an array of plant-based meat
substitutes and protein powders. Seeds, nuts, and
whole grains, such as quinoa, and plant-based milks
also contribute protein to the diet (see Table 1).

What About Soy?
Although foods made from soybeans such as tofu
have been a staple in Asian diets for centuries,
they have recently become popular in the West
due to increased interests in PB diets and plant
proteins. Research has consistently shown that
soy protein significantly reduces LDL cholesterol
by approximately 3-4% in adults [63, 64]. Soy can
also alleviate hot flushes for some menopausal
women. However, there have been some concerns
that soy might lower a man’s testosterone levels.
This is because the biologically active ingredients
in soy – isoflavones – are phytoestrogens – plantbased compounds that behave much like estrogens.
Isoflavones were thought to act as endocrine or
hormone disruptors, but this was only seen in animal
studies in the 1990s [60].
Over the past three decades the health effects of soy
foods and soybean isoflavones have been rigorously
researched. Many human trials now show that
adverse effects are also not seen on breast tissue or
estrogen levels in women, or testosterone or estrogen
levels, or sperm or semen parameters in men [60,
65]. The notion that soy foods can blunt testosterone
has been debunked, although suspicion remains
after rodent studies showed the possibility [65].
Accordingly, after extensive review, a recent metaanalysis provided the strongest evidence to date
showing a lack of support for classifying isoflavones
as endocrine disruptors [60]. Lastly, isoflavones are
very low in soy protein isolate or concentrate (used
in plant-based protein powders, veggies burgers,
energy bars and other food products) because during
processing as much as 90% of the isoflavone content
is eliminated, compared to tofu or soymilk [60].
Several studies have compared whey, which is high
in “anabolic leucine”, to soy protein. A recent metaanalysis of 9 clinical trials concluded that soy protein
led to similar gains in muscle mass and strength as
whey protein and other types of animal protein [31].
Similarly, a newly published study in older adults
also support the efficacy of soy for maintaining and
building lean mass and strength [54].

In summary, soy is a high-quality complete PB protein
that has been shown to support lean body mass
gains while also offering additional cardiometabolic
advantages. Soy foods and supplements are
recommended as part of a healthy well balance PB
diet to support exercise and sport performance.

Omega-3 Fats
Omega-3 (n-3) polyunsaturated fatty acids (PUFA)
are essential fatty acids with diverse biological
effects that must be consumed through dietary
or supplement sources due to insufficient PUFA
synthesis in humans [66]. Some studies have
shown that n-3 fats may influence the preservation
of strength and enhance recovery from heavy
exercise likely through their anti-inflammatory
effects [67, 68], however other reports did not
observe a beneficial effect of n-3 supplementation
on appendicular lean mass, strength, physical
performance or myofibrillar protein synthesis
in older adults at risk of sarcopenia [69].
The n-3 fatty acid biosynthesis pathway converts
ɑ-linolenic acid (ALA) to eicosapentaenoic (EPA) acid
and further into docosahexaenoic acid (DHA, integral
to the visual process and synaptic functioning).
ALA is found mainly in nuts, seeds and plant oils,
and DHA and EPA are found in fish and other
seafood [70]. While intakes of plant n-3s or ALAs
are generally higher in those following PB diets
compared to omnivores, intakes of EPA and DHA
are low in PB diets and virtually absent in vegans or
strictly PB diets [70]. Despite the assumptions that
PB eaters/vegans are at risk of deficiency due to
low conversion of ALA to EPA and then to DHA [71],
there does not appear to be evidence of deficiencies
in adults [72]. Although fish-eaters in general have
higher circulating levels of DHA, some reports have
shown female vegans to potentially have higher (or
at least not different) circulating DHA levels, with
zero consumption, compared to fish-eaters [73],
likely due to higher-than-average intakes of ALA.
Recent evidence has brought into question aspects
of the n-3 synthesis pathway that researchers
thought were well understood, including the low
rates of DHA synthesis (due to low conversion ALA
to EPA to DHA) [74-76], highlighting the likelihood
that PB eaters can maintain their serum DHA levels
through consumption of ALAs only. Currently there
is no recommended daily allowance (RDA) for EPA
or DHA; therefore, those following a vegan or PB
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diet should focus on consuming adequate amounts
of ALA (see Table 2 for ALA-rich foods) which may
be higher than recommended by the current RDA
[77]. Although DHA is unlikely unnecessary, vegans
or those following a PB diet also have the option of
obtaining DHA directly through vegan-friendly algal
supplementation [77].

Micronutrients
Vitamin B12
Vitamin B12 (cobalamin) is not synthesized by
humans and the only dietary sources are foods of
animal origin and fortified foods (e.g., nutritional
yeast flakes, breakfast cereals, energy bars, plant
milks and others). Vitamin B12 is important for
normal brain and nervous system functioning and
helps to make DNA [78]. Symptoms of B12 deficiency
include brain fog, memory problems, fatigue,
lethargy, irritability, and moodiness. Vitamin B12 is
also associated with red blood cell (RBC) formation
and low levels may result in megaloblastic anemia
[79]. Megaloblastic anemia limits the blood’s oxygen
carrying capacity, thus reducing its availability
to cells, which may negatively impact aerobic
performance [79]. Individuals following PB diets
must take particular care to consume enough
vitamin B12, as it is mainly found in meat, eggs, and
dairy products. Vitamin B12 deficiency is relatively
common, especially among older people whether
omnivore or PB eaters. Despite some reports in the
popular media, studies on naturally occurring and
Vitamin B12-containing plant-derived food sources
show that only nori (seaweed), is suitable as a
Vitamin B12 source for vegetarians [80, 81]. However,
due to inconsistencies and variability in plant
sources of B12 content, the only reliable PB/vegan
sources of B12 are fortified breakfast cereals and
nutritional yeasts, along with PB meat substitutes,
PB milks and other PB fortified food products [82].
Those following a PB or vegan diet should take a B12
supplement (cyanocobalamin is recommended) at
least once per week and track intakes derived from
B12 fortified foods and beverages [62, 82].

Iron
Iron is an essential mineral that plays a significant
role in exercising individuals since it is required
for oxygen transport and energy metabolism and
building a strong immune system. Iron also enables

erythropoiesis, the production of red blood cells
(RBCs)[83]. RBCs supply oxygen to all organs and
tissues in the body including skeletal muscle and the
heart. Despite its importance, athlete populations,
both omnivore and vegetarian, and especially
females and endurance athletes, are commonly
diagnosed with iron deficiency [84]. All types of
iron deficiency may affect physical performance
and should be treated accordingly through dietary
modifications (including fortified foods) or the use
of supplements [85]. Low iron status is determined
by measuring certain blood markers such as ferritin,
hepcidin or transferrin. [84]. Figure 3 provides
details on the three stages of iron deficiency with
increasing impact on exercise and sport performance.
Iron-deficiency anemia is the most common type
of anemia among athletes, who have higher iron
requirements due to increased erythropoietic drive
through higher intensities and volumes of training as
well as losses through sweat, foot strike hemolysis
and GI bleeding [86, 87]. There are two major forms of
iron found in food: heme iron, which is only found in
animal products, and non-heme iron, which is found
in both plant foods and animal products. Although
the bioavailability of heme-iron is superior to nonheme iron, mineral absorption also depends on the
iron status of the athlete (absorption is higher when
iron stores are low) and dietary inhibitors, such as
calcium, phytic acid, polyphenols and peptides (from
partially digested proteins), and enhancers such as
vitamin C and muscle tissue [88]. Owing to a diets
rich in whole-grains, legumes (good iron sources)
and the abundance of fortified mock meats and
milk, both PB and vegans consume similar amounts
of iron as omnivores [37, 89]; however, the risk of
iron deficiency may [90] or may not [91] be greater
due to lower bioavailability of iron from plant
foods. Accordingly, recommended iron intakes for
individuals following PB or vegan diets are 1.8 times
higher than for omnivores who consume ASF [92]:
32 mg/day (vs. 18 mg/day) for premenopausal adult
women and 14 mg/day (vs.8 mg/day) for adult men
and postmenopausal women. Table 3 displays iron
content of selected plant-based foods.

Zinc
Zinc is a trace mineral abundantly distributed
throughout all body tissues and fluids, and second
only to iron among trace elements in the body. It
is essential for multiple aspects of metabolism,
including catalytic, structural and regulatory
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Stages of Iron Deficiency
Routine screening for iron status should be considered in both male and female
athlete population, regardless of dietary pattern.
Stage 1 – Low Iron Storage:
Ferritin is the storage form of iron, and low ferritin levels are the first sign that the body’s iron
stores are compromised. Impacts to performance are likely low.
Stage 2 – Iron Deficiency Non-Anemia (IDNA):
During the second stage of iron deficiency, red blood cell (RBC) formation and transport iron
(transferrin) both decrease. Hemoglobin levels remain normal. Impacts to performance are likely.
Stage 3 – Iron Deficiency Anemia (IDA):
Hemoglobin production drops and results in anemia. At this stage RBC are fewer in number,
smaller and contain less hemoglobin. Impacts to performance are very likely and may be severe.

Serum ferritin
µg/L

Haemoglobin
g/L

Transferrin Saturation
%

Stage 1 – Low Iron

<35

>115

>16

Stage 2 – IDNA

<20

>115

<16

Stage 3 – IDA

<12

<115

<16

Figure 3.

functions, and also plays an important role in the gene
expression and the immune system [93]. Deficiency
of this mineral can lead to hair loss, poor healing of
wounds, immunological problems, skin problems and
reproductive hormone imbalance[94]. Plant-based
sources of zinc have lower bioavailability due to
the presence of phytates (which are in legumes and
whole grains) that bind zinc and inhibit its absorption
[95]. Because of this reduced bioavailability, those
following a vegetarian or strict PB diet may require
up to 50% more zinc compared to omnivores [85].
This equates to male vegetarians needing 16.5
mg of zinc and female vegetarians needing 12 mg
of zinc daily. Some preparation techniques that
increase the bioavailability of plant sources of zinc
include soaking and sprouting beans, nuts, seeds,
and grains; leavening (bread has more bioavailable
zinc compared to crackers); and using organic acids
with zinc such as citric, malic, or lactic acid [62, 96].
Some researchers suggest supplementation may
be advisable for vegan athletes [97], but this is not
universally agreed upon. Soy, legumes, grains, seeds,
nuts, beans, and fortified cereals are acceptable zinc
sources for vegans and vegetarians. Table 4. provides
a list of some zinc sources.

Calcium, Vitamin D, K2 and Bone Health
Calcium is an essential nutrient required for building
and maintaining bone strength. It helps maintain the
integrity of the skeleton as part of hydroxyapatite.
Additionally, calcium is involved with muscle
contraction, vasoconstriction and dilation, normal
blood clotting, hormonal responses, and nerve
conduction [98]. Inadequate dietary calcium and
vitamin D increase the risk of low bone mineral
density and stress fractures, which are a common
injury in many sport disciplines [99]. The RDA for
calcium in males and females ages 19-50 is 1,000
mg per day [98] although this can vary between
countries. Vegetarians who include dairy in their diets
tend to consume similar amounts or more calcium
compared to omnivores, although people who follow
vegan diets tend to consume less calcium [37, 89,
100]. Consuming a supplement of both vitamin D and
calcium has been shown to be protective against
bone fractures in vegans [101]. Plant sources of
calcium may be less bioavailable due to the presence
of oxalic acid [98] and to a lesser extent, phytates
and fiber [62]. The International Olympic Committee
consensus statement on dietary supplements and
the high-performance athlete posits that calcium
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and vitamin D are nutrients that often need to be
supplemented for athletes, regardless of their dietary
pattern [102]. Table 5 presents calcium content and
variability in absorption rate of select plant-sourced
calcium foods.
Vitamin D, along with calcium, is an important
nutrient for optimizing bone health. Sufficient
vitamin D is needed to absorb calcium and phosphate,
contributes to normal functioning of most cell types
in the body and it also plays an important role in
immunity [103]. Vitamin D deficiency is associated
with muscle weakness, fatigue, depression, and
bone pain [103]. Currently the RDA for males and
females ages 19-50 is 600 International Units (IU)
per day [98]. The International Olympic Committee
consensus statement on dietary supplements and
the high-performance athlete suggests that vitamin
D supplements are commonly required for athletes
(not just for vegetarians) [102]. Vitamin D can be
synthesized by the skin from UV light [104] or can
be obtained through the diet, although it is not
found naturally in many foods. Factors affecting
how much vitamin D is synthesized by the skin’s
exposure to sunlight include skin pigmentation,
and amount and intensity of sun exposure, which
is affected by the time of day, season, and latitude
[105]. Research has shown no significant differences
between vegetarians and omnivores with respect
to serum 25-hydroxyvitamin D status [106]. Food
sources providing vitamin D include UV-irradiated
mushrooms and fortified foods such as plantbased milks, orange juice, and cereals. It has been
suggested that it may be beneficial for athletes to
supplement 1,000-2,000 IUs/day, particularly if the
athletes have minimal sun exposure [104].
Vitamin K is a family of essential, fat-soluble
vitamins required for blood coagulation, but also
involved in deposition and removal of calcium in
various tissues. The family comprises two naturally
active vitamers: vitamin K1 (phylloquinone) occurs
in green vegetable and plant oils, and vitamin K2
(menaquinone). Menaquinones are principally of
bacterial origin, but a small amount of MK-4 can be
formed in mammals (including humans) through
conversion of phylloquinone in plant feed or
provided to animals as a feed additive [107]. Research
shows that vitamin MK-4 derived from plant-sourced
vitamin K1 is likely satisfactory to meet Vitamin K
needs and animal-derived MK-4 sources are not
necessary [108]. In summary, although data suggest

that a well-planned, health-conscious lacto-ovovegetarian and vegan diet, including supplements,
can meet athlete’s requirements for micronutrients
it may still be prudent to periodically check blood
values of primarily vitamin B12, vitamin D, and iron
[109] as discussed below.

Taurine

ferritin (a marker of the body’s iron stores) levels
(see Figure 3)
Zinc deficiency can be diagnosed using a blood
test, urine test, or hair analysis.
25(OH)D (Vitamin D) – is the form of vitamin D
commonly measured to assess and monitor vitamin
D status.

Taurine is a sulfur-containing amino acid found
in meat and fish, that plays many important
physiological roles but is not an essential nutrient
for healthy non-pregnant individuals following a
PB/vegan diet [110]. Individuals following a strictly
PB diet lack pre-formed dietary taurine due to its
non-existence in plant foods, however, the in vivo
synthesis of taurine using dietary methionine and
cysteine precursors largely accommodates for the
lack of dietary intake [111]. Methionine and cysteine
are considered to be the principal sulfur-containing
amino acids because they are two of the 20 canonical
amino acids that are incorporated into proteins for
functional and structural purposes in our body.
Previous research has reported that plasma taurine
concentrations were insignificantly and only slightly
lower in vegans, compared to meat-eating omnivores,
despite a large disparity in dietary intake [112]. Those
following a PB diet should ensure adequate intakes
of the taurine precursors methionine and cysteine,
found in plant proteins such as nuts and seeds, and
beans and lentils, respectively.

Lipid Profile – this test measures triglycerides and
levels of cholesterol and the sub-fractions including
HDL cholesterol, and LDL cholesterol.

Should vegans test for nutritional deficiencies?

Creatine

There are numerous advantages to a PB/vegan but
unfortunately there can still be some vulnerabilities
when it comes to ingesting adequate levels of certain
nutrients. Blood tests are a good way of confirming
optimal internal organ function and screening for
potential vitamin and mineral deficiencies.

Increased muscle creatine content can help athletes
generate quick, explosive movements at high
intensities, enhance performance in strength and
power events, and help to increase muscle mass by
supporting increased volumes of resistance exercise
[113]. Dietary intake of creatine is low or absent in
individuals following a PB or vegan diet [114]. It was
assumed that PB eaters who exclude dietary creatine
sources and have lower muscle creatine storage
[115] would experience greater ergogenic benefits.
However, a recent review [114] found that creatine
supplementation increased various parameters of
performance in vegetarians and omnivores equally.
Furthermore, the amount of creatine that is used
in supplemental form to improve performance is
5 g per day as a maintenance dose, and 20 g per
day for ~7 days as a loading dose, which cannot
be practically achieved through dietary intakes

A Blood Profile for Vegans may include:
Complete or Full Blood Count (FBC/CBC) provides
detailed information about your red and white blood
cells and can be used to detect conditions such as
anaemias caused by iron and/or vitamin-B12
deficiency.
Vitamin-B12 – a measurement of vitamin-B12 in
your blood.
Iron and Ferritin – a measurement of iron and
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HbA1C - measuring glycated haemoglobin (HbA1c)
can provide an overall picture of what average blood
sugar levels have been over a period of weeks/
months.
If the results show that you are indeed deficient
in some nutrients, you can make different dietary
decisions by choosing more nutrient-specific and
nutrient-dense foods. Changing your dietary goals
may also require you to use supplements. Common
supplements taken by vegans include omega-3s,
iron, vitamin B12 and D3, and possibly iodine. A multivitamin/mineral may also be warranted. Athletes
should discuss the use of supplements with their
health care provider or nutrition professional and
ensure all supplements are batch tested to minimise
risks from an anti-doping perspective.

Ergogenic Aids

alone. For example, an individual would have to
consume 35 oz (992g) of beef, salmon or pork per
day to reach the recommended daily maintenance
dose of creatine for ergogenic goals of 5 g per day
[114]. Emerging evidence also suggests that creatine
supplementation may help to improve cognitive
processing, especially in conditions characterized
by brain creatine deficits, which could be induced
by acute stressors (e.g., exercise, sleep deprivation,
anxiety) or chronic, pathologic conditions (e.g., mild
traumatic brain injury, aging, depression)[116]. Since
creatine is deemed to be safe and appears to have
both ergogenic and health benefits, the PB or vegan
athlete may wish to ingest an ongoing maintenance
dose of 1-3 g creatine supplements per day, to match
the intakes of their omnivorous counterparts. See
Nutrition X-change number 6 for more information
on creatine.

Beta-Alanine
High-intensity exercise leads to a reduction in
muscle pH (or increased acidity) due to hydrogen
ion accumulation. Acidosis negatively impacts
performance via a range of mechanisms, including
reducing the capacity for muscle contraction and
slowing the rate of ATP regeneration. Carnosine
is a dipeptide formed by two amino acids, betaalanine and L-histidine, and plays an important role
in protecting against pH changes in skeletal muscle
during exercise. Carnosine is found in skeletal
muscle and the central nervous system, and is
synthesised in situ from its rate-limiting precursor
β-alanine [117]. Beta-alanine supplementation
increases skeletal muscle carnosine content, and
with it, the buffering capacity of the muscle (i.e. its
capacity to regulate pH). This buffering ability has
been shown to improves exercise performance, with
its greatest effect in sustained, high-intensity efforts
lasting between 30 seconds and 10 minutes. Muscle
carnosine also tends to be lower in vegetarians
compared to omnivores [118]. Although meat and
poultry are the main sources of β-alanine in the diet
there does not appear to be a significant relationship
between dietary β-alanine consumption and muscle
carnosine content [118]. Therefore, athletes following
any dietary pattern would benefit from β-alanine
supplementation to increase muscle carnosine
concentrations [119]. Similar to creatine, the amount
of β-alanine that is used in supplemental form
to improve performance is 1.6 to 6.4 g per day for
several days prior to an event, which is equivalent
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Cooked vegetables
Raw vegetables

RO

Consume protein rich snacks
throughout the day

Consume protein rich snacks
throughout the day

Vegetables: plenty of veggies including peppers,
broccoli, corn, asparagus, avocados, lettuce, spinach,

EG

A
RY

The 100% plant-based vegan menu in Figure 5
is a viable option to meet the needs of a highperformance athlete that is seeking a highly
palatable nutritionally-balanced sport-focused meal
plan. This detailed three-day meal plan (Figure 5)
provides variety while exceeding all of the macro
and micro-nutrient requirements of an adult male
training and competing for up to 15 hrs per week.
The meal plan also supports maintenance of muscle
mass to include recovery and repair. The nutritionally
complete plan places emphasis on those nutrients
in need of greater consideration when excluding
animal-sourced foods from the diet.

EI

GS

The Plant-Based Athlete’s Plate in Figure 4 is adapted
from the original ‘The Athlete’s Plate®’ which is a visual
tool designed to help sports dietitians working with
athletes and athletes themselves adjust their dietary
strategies to variable training loads and energy
expenditures during training and competition. The
new Vegan/Vegetarian Athlete’s Plate® is based on the
Athlete’s Plate® and was developed by University of
Colorado, Colorado Springs Sport Nutrition Graduate
Program in collaboration with the US Olympic
Committee’s Food and Nutrition Services. The plates
are now being scientifically tested (validated) against
sport nutrition recommendations and will likely be
published in 2022. This figure has modified some of
the details according to filed experience with athletes,
but you can find the original figure here: https://
swell.uccs.edu/vegetarianvegan-athletes-plate.

Rice
Cereals
Potatoes
Bread

TP

What does a Plant-Based Performance
Diet Look Like?

Consider using fortified foods or
supplements for additional vitamin B12, D,
Iron and possibly Zinc, Calcium

Fluids
Water
Plant Milk
Juice
Coffee
Tea

INS
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E
L
HO Pasta

Soy
Pulses/ lentils
Nuts/ seeds

DA I

Fruits: any type of fresh fruit including berries,
apples, bananas, grapes, strawberries, citrus fruits,
avocado etc. Dried fruits including figs dates, raisins,
apricots and others.

Legumes: beans of any kind, lentils, pulses,
and soy.

Eat at least one serving of
fermented food daily

Lowest Energy Intake (kcal)

DAIRY A N D EG

Overview of the major food categories
in a plant-based diet, with examples:

Nuts, Seeds & Oils: walnuts, almonds, cashews,
brazil nuts, peanuts, and pumpkin, hemp, flax and
chia seeds. Olive, pumpkinseed, sunflower, soybean,
canola, avocado and sesame oil and others.

Fats
1-2 Tablespoons:
Oils
Nuts
Seeds
Nut Butters
¼ Avocado

(V

Although we have a vast amount of evidence in
support of the nutritional adequacy and health
benefits of PB diets, the sporting world’s perception
of PB diets may still create challenges to widespread
implementation. Sports nutrition guidelines are
regularly reviewed to incorporate new scientific
evidence, and it is now time to welcome the viability
of PB options to athletes. With the increasing
evidence that plant-based diets support optimal
health, performance, recovery and body composition
goals, the dissemination of accurate information
to athletes and coaches is an important step in
supporting the widespread transition to diets richer
in traditional plants such as fruits, vegetables and
whole grains as well as plant-proteins such as nuts,
seeds, legumes and novel minimally processed meat
and dairy alternatives.

Whole grains: grains, cereals, popcorn and other
starches in their whole form, such as quinoa, brown
rice, millet, whole wheat, oats, barley, and others.

Easy Training

GS

In summary, a well-designed whole foods PB diet
that includes some fortified foods and optional
supplements, can provide adequate macro- and
micro-nutrient intakes in athletes and active
individuals to support health and performance.
Abundant choices in the marketplace also offer
convenience and novelty with a wide selection of
fortified food products and supplements for those
choosing to follow a PB diet. Athletes in general
should be taking extra care to plan out their sport
nutrition strategies whether they choose to follow a
strict an omnivore diet or a PB diet.

Tubers: root vegetables like potatoes, carrots,
parsnips, sweet potatoes, beets, and others.

PLAN

Summary

kale, peas, collards, and others.

DAIRY AN D EG

to approximately 24 oz (680g) of poultry per day
to reach the equivalent β-alanine dose required to
enhance performance [118]. Therefore, if applicable
to the athlete both creatine and beta-alanine
supplementation is recommended, rather than
reliance on large portions of animals muscle for
several days to elicit an ergogenic advantage. See
Nutrition X-change number 9 for more information
on beta alanine.

Flavours
Salt/pepper
Herbs
Spices
Vinegar
Salsa
Mustard
Ketchup
Nutritional Yeast
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Three-day Meal Plan for Adult Male Vegan Team
Sport Athlete (80 kg).

Nutritional Goal
Actual Meal Plan Content
with 5.8 µg vitamin B12 from fortified foods5

Iron

1.6 g/kg = 128 g

RDA = 14 mg

186 g

35 mg

3

0.5 mg

1.5 mg

-

0.5 mg

½ avocado (100 g)

2g

0.5 mg

12 mg

0.1 g

0.6 mg

-

0.5 mg

16 mg

-

-

0.6 g

0.2 mg

9 mg

0.8 g

0.1 mg

5g

2 mg

15 mg

-

2 mg

10 g

1.8 mg

130 mg

0.1 g

1.6 mg

39 mg

0.2 g

0.3 mg

½ tbsp ground flaxseed (4 g)
¼ cup homemade cashew-based vegan sour
cream (¼ cup cashews9)

Sample Menu Day 1: adult male training 12-15 hours per week, muscle mass maintenance
Protein

2.5 g

½ cup homemade salsa

Nutritional Content (across 3 days) for plant-sourced ‘nutrients of concern’: 613 g protein,
124 mg iron (non-heme), 7000 mg calcium, 18 g ALA, 75 mg zinc, and 18.7 µg vitamin B12

Menu Item1

½ cup corn (75 g)

Calcium

ALA2

Zinc

RDA = 1,000 mg

AI = 1.6 g

RDA = 17 mg

2,477 mg

3.0 g

25 mg

1/3 cup almonds, salted
4

3:00pm PRE-WORKOUT SNACK
1 medium-sized baked sweet potato (150 g)
topped with vegan ranch dressing

1 mg

7:00am WAKE-UP

4:00-5:00pm STRENGTH & CONDITIONING SESSION

7:15am BREAKFAST

5:00pm POST-WORKOUT SHAKE

PEANUT BUTTER, FRUIT & TOAST

BERRY COCONUT SMOOTHIE (blended, with creatine)

1 cup grapes or cherries

1g

0.5 mg

15 mg

-

0.1 mg

1 cup mixed berries, frozen or fresh

2 slices ancient grains bread, toasted (75 g)

8g

2 mg

75 mg

0.5 g

1.3 mg

1 scoop creatine monohydrate powder (3 g)10

3 tbsp all-fruit jam or ¼ cup crushed berries

-

-

-

-

-

10 g

1.8 mg

165 mg

-

1.5 mg

12 g

-

660 mg

-

-

3 tbsp almond butter
1.5 cup fortified vanilla plant milk

2g

6

9:00-11:00am SPORT PRACTICE

1g

0.5 mg

20 mg

-

0.5 mg

-

-

-

-

-

¼ cup coconut yogurt11

1g

0.4 mg

-

-

-

½ cup fortified plant-milk

4g

-

220 mg

-

-

-

-

-

-

-

15 g

4 mg

100 mg

-

2.5 mg

7.5 g

1.4 mg

30 mg

-

1.8 mg

2g

-

-

-

1 mg

10 g

1.5 mg

216 mg

-

-

4g

1.2 mg

21 mg

-

0.8 mg

0.6 g

0.2 mg

-

-

0.2 mg

-

-

-

0.1 g

-

2g

2 mg

24 mg

-

0.5 mg

1 tsp vanilla extract
1 CUP SPICY ROASTED CHICKPEAS (180 g)

10:00am MID-PRACTICE SNACK
4 DATES, MEDJOOL (96 g)

1.7 g

7:00pm DINNER

0.8 mg

61 mg

-

0.4 mg

SESAME STIR-FRIED TOFU & VEGGIES OVER RICE

HOMEMADE ICED-WATERMELON SPORTS DRINK

1.5 cups brown rice

2 cups watermelon
Pinch of salt, 3 cups water, 1 cup ice:
mixed in blender

2g

0.8 mg

21 mg

-

0.3 mg

-

-

-

-

-

1 cup mushrooms, cooked (57 g)
½ cup firm tofu, seasoned, cubed (126 g)
½ cup green peas, cooked (80 g)

11:00am POST-WORKOUT SHAKE

1 tsp sesame seeds (3 g)

MIXED BERRY PROTEIN SHAKE TOPPED WITH CHIA8
1 scoop plant-based protein powder (40 g)

27 g

-

-

-

-

1 cup soy milk

7g

1 mg

300 mg

0.1 g

0.5 mg

1 banana

1g

0.25 mg

5 mg

-

0.15 mg

1.6 g

0.5 mg

23 mg

-

0.5 mg

1 tbsp chia seeds (9 g)

1:00pm LUNCH

1 tbsp olive oil
6 SPEARS OVEN-ROASTED ASPARAGUS,
SEASONED (96 g)

10:00pm BEDTIME SNACK
4 RECOVERY BITES12(see Appendix for recipe)
½ SCOOP PB PROTEIN POWDER
(blend into 1 cup coconut yogurt13)

THE VEGAN MEXICAN WRAP CLASSIC
1 whole wheat tortilla, large (71 g)

7g

1.8 mg

173 mg

-

1.3 mg

¾ cup brown rice (146 g)

4g

0.8 mg

4.4 mg

-

1 mg

½ cup black beans (130 g)

6g

2 mg

60 mg

0.1 g

3 mg

nutritional facts sourced from USDA, FoodData Central, 2021
alpha-linolenic acid
3
the recommended dietary allowance (RDA) for iron is 1.8 times higher for vegans and vegetarians than for omnivores
4
the RDA for zinc is 1.5 times higher for vegans and vegetarians than for omnivores
5
fortified vanilla plant milk and soymilk (RDA for vitamin B12: 2.4 µg/day)
6based on Ripple Pea-Based Milk Vanilla
7
it is recommended that athletes invest in a good-quality blender for multi-ingredient protein shakes and smoothies
8
if no blender and on-the-go, mix protein powder with chilled plant milk and instead add chia seeds to today’s lunch wrap

11.4 g

3.1 mg

60 mg

1g

2.9 mg

17 g

1.8 mg

-

-

-

11:00pm SLEEP

also requires water, lemon juice, apple cider vinegar, sea salt, and Dijon mustard
if applicable to athlete’s sport, 0.33 scoop (1.5 g) of beta-alanine powder is also recommended
11
based on Co Yo Probiotic Coconut Milk Yogurt, available in US, UK, and Australia
12
sunflower seeds, pumpkin seeds, oats, dates, goji berries, hemp seeds
13
based on Co Yo Probiotic Coconut Milk Yogurt, available in US, UK, and Australia

1

9

2

10

16

17

Sample Menu Day 2: adult male training 12-15 hours per week, muscle mass maintenance
Menu Item
(Nutritional facts sourced from USDA,
FoodData Central, 2021)

Protein

Iron

½ avocado (100 g)

ALA (18:3)2

Calcium

Zinc

2g

0.5 mg

12 mg

0.1 g

0.6 mg

1 tbsp olive oil

-

-

-

0.1 g

-

Homemade spicy vinaigrette dressing17

-

-

-

-

-

15 g

4 mg

100 mg

-

2.5 mg

7g

1.8 mg

29 mg

-

0.9 mg

10 g

3 mg

20 mg

-

2.5 mg

4 slices dried apricot, unsweetened

0.8 g

0.8 mg

16 mg

-

0.1 mg

1.5 oz raisins (43 g)

1.4 g

0.7 mg

27 mg

-

0.1 mg

1 oz pistachio nuts, salted

5.7 g

1.1 mg

30 mg

0.1 g

0.6 mg

HIGH PROTEIN TRAIL MIX18 (triple the recipe and consume over 3-4 days)
Nutritional Goal
Actual Meal Plan Content
with 6.7 µg vitamin B12 from fortified foods16

1.6 g/kg = 128 g

RDA = 14 mg14 RDA = 1,000 mg

230 g

54 mg

2,278 mg

AI = 1.6 g

RDA = 17 mg15

8.8 g

27 mg

½ cup cinnamon-roasted chickpeas (100g)
1 oz fava beans (28 g)
1 oz pumpkin seeds (28 g)

7:00am WAKE-UP
7:15am BREAKFAST
SEEDS N BERRIES PROTEIN OATMEAL

1.1 g

0.5 mg

15 mg

-

0.1 mg

1 cup soy milk

7g

1 mg

300 mg

0.1 g

0.5 mg

1.25 cup oatmeal, cooked (300 g)

7g

2 mg

36 mg

0.1 g

1.9 mg

2.6 g

0.8 mg

35 mg

3.2 g

0.6 mg

1 tbsp hemp hearts (10 g)

2g

0.8 mg

7 mg

1g

1 mg

1 tbsp pumpkin seeds

3g

0.8 mg

5 mg

-

0.6 mg

1 cup blueberries

1g

0.5 mg

9 mg

-

0.3 mg

2 tbsp ground flaxseed (14 g)

9:00-11:00am SPORT PRACTICE

3:00pm PRE-WORKOUT SNACK
1 LARGE WHOLE WHEAT RAISIN BAGEL (130 g)
2 tbsp ALMOND BUTTER

0.4 mg

15 mg

-

0.1 mg

2g

0.8 mg

21 mg

-

0.4 mg

Pinch of salt, 3 cups water, 1 cup ice: mixed
in blender

-

-

-

-

-

1.3 mg

5.5 g

1.5 mg

110 mg

-

1 mg

9g

3 mg

100 mg

-

-

0.5 g

0.2 mg

11 mg

-

0.1 mg

1 scoop creatine monohydrate powder (3 g)

-

-

-

-

-

½ tsp cinnamon

-

-

-

-

-

¼ cup walnuts (30 g)

3g

-

20 mg

1.8 g

0.6 mg

1 cup fortified vanilla plant milk19

8g

-

440 mg

-

-

-

-

-

-

-

22 g

6.3 mg

120 mg

0.3 mg

-

1g

0.4 mg

15 mg

-

0.3 mg

1 apple, cored (200 g)

11:00am POST-WORKOUT SHAKE

1 tsp vanilla extract

STRAWBERRY BANANA PROTEIN SHAKE
1 scoop plant-based protein powder (40 g)

0.1 g

APPLE PIE PROTEIN SHAKE

HOMEMADE WATERMELON SPORTS DRINK
2 cups watermelon

131 mg

5:00pm POST-WORKOUT SHAKE
½ block firm tofu (170 g)

1g

3.5 mg

4:00-5:00pm STRENGTH & CONDITIONING

10:00am MID-PRACTICE SNACK
HANDFUL OF RAISINS (25 g)

12.5 g

7:00pm DINNER
27 g

-

-

-

-

1 banana

1g

0.25 mg

5 mg

-

0.1 mg

2 oz edamame spaghetti

1 cup soymilk

7g

1 mg

300 mg

0.1 g

0.5 mg

1 cup cherry tomatoes, chopped (149 g)

1 cup strawberries

1g

1.7 mg

35 mg

-

0.3 mg

1 cup lentils, boiled (198 g)

18 g

6.6 mg

38 mg

0.07 g

2.5 mg

-

-

-

-

-

1 cup onion, chopped

1.8 g

0.3 mg

37 mg

-

0.3 mg

2.5 g

0.7 mg

20 mg

0.3 g

1.2 mg

3 tbsp olive oil

-

-

-

0.3 g

-

Homemade sauce, topped with herbs

-

-

-

-

-

10 g

1.6 mg

40 mg

-

-

11.4 g

3.1 mg

60 mg

1.04 g

2.9 mg

6g

1.5 mg

60 mg

-

0.9 mg

½ cup ice
1 oz PECANS (28 g)

TOMATO & LENTILS OVER EDAMAME PASTA

1:00pm LUNCH
SPICY BLACK BEAN & CORN SALAD

10:00pm BEDTIME SNACK

½ cup black beans

8g

1.8 mg

30 mg

0.1 g

1 mg

½ cup corn, cooked (75 g)

5g

0.7 mg

3 mg

-

0.7 mg

4 RECOVERY BITES21 (see Appendix for recipe)

1 tomato (chopped)

1g

0.4 mg

12 mg

-

0.2 mg

1 oz ALMONDS (about 24)

0.4 g

-

7 mg

-

-

2g

0.8 mg

21 mg

-

0.4 mg

¼ onion (chopped)
1 bell pepper (120 g)

1 CUP PLANT-BASED HIGH-PROTEIN ICE CREAM20

11:00pm SLEEP

athletes are encouraged to alternate between different types of nuts, seeds, and dried fruits that are low in added sugars and added fats
based on Ripple Pea-Based Milk Vanilla
20
based on Snow Monkey Dairy-Free Anytime Desserts
21
sunflower seeds, pumpkin seeds, oats, dates, goji berries, hemp seeds

14

18

15

19

the RDA for iron is 1.8 times higher for vegans and vegetarians than for omnivores
the RDA for zinc is 1.5 times higher for vegans and vegetarians than for omnivores
16
soymilk and fortified vanilla plant milk
17
also requires vinegar, Dijon mustard, maple syrup, garlic, and salt and pepper

18

19

Sample Menu Day 3: adult male training 12-15 hours per week, muscle mass maintenance
Menu Item
(Nutritional facts sourced from USDA,
FoodData Central, 2021)
Nutritional Goal
Actual Meal Plan Content
with 6.2 µg vitamin B12 from fortified foods24

3:00pm PRE-WORKOUT SNACK
TORTILLA CHIPS WITH BEANS & SALSA

Protein

Iron

ALA (18:3)2

Calcium

½ cup black beans

Zinc

½ cup homemade salsa
1.6 g/kg = 128 g
198 g

RDA = 14 mg22 RDA = 1,000 mg
35.3 mg

2210 mg

AI = 1.6 g

RDA = 17 mg23

6.2 g

23 mg

7:00am WAKE-UP
-

525 mg

-

-

1 cup plant-based scramble eggs25

25 g

3.5 mg

100 mg

-26

-

4 strips plant-based bacon (32 g)27

4g

0.8 mg

-

- 28

0.2 mg

2 slices ancient grains bread, toasted (75 g)

8g

2 mg

75 mg

0.5 g

1.3 mg

-

-

2 mg

0.3 g

-

-

0.1 mg

3 dates, Medjool (72 g)

1.2 g

0.6 mg

45 mg

-

0.3 mg

4 slices dried apricot unsweetened

0.8 g

0.8 mg

16 mg

-

0.1 mg

4 slices dried mango

0.8 g

-

-

-

0.1 mg

11:00am POST-WORKOUT SHAKE

-

3g

0.4 mg

45 mg

-

0.3 mg

-

3g

0.5 mg

15 mg

0.04 g

0.3 mg

0.7 g

0.7 mg

25 mg

0.04 g

0.1 mg

8g

-

440 mg

-

-

-

-

-

-

-

4g

1 mg

40 mg

-

-

20 g

4 mg

102 mg

-

8 mg

1 slice lettuce

-

-

-

-

-

1 slice dairy-free cheddar

-

-

-

-

-

1 slice tomato

-

-

-

-

-

1 tbsp mayonnaise

-

-

-

0.74 g

-

2g

1 mg

39 mg

0.2 g

0.3 mg

-

-

-

0.1 g

-

0.8 g

0.4 mg

64 mg

0.1 g

0.1 mg

4g

1.6 mg

14 mg

2g

2 mg

0.5 g

-

3 mg

-

0.1 mg

1 tbsp olive oil

-

-

-

0.1 g

-

Homemade dressing33

-

-

-

-

-

4g

1.8 mg

-

-

-

20 g

-

-

-

-

2g

1 mg

40 mg

-

0.8 mg

1.6 g

0.5 mg

23 mg

-

0.5 mg

2 tbsp shelled pistachios
1 cup spinach (25 g)
1 cup fortified vanilla plant milk31
1 tbsp honey

7:00pm DINNER

1 medium-size sweet potato (150 g)
27 g

-

-

-

-

1g

0.25 mg

5 mg

-

0.1 mg

3.5 g

0.2 mg

7.8 mg

-

0.4 mg

1 cup soymilk

7g

1 mg

300 mg

0.12 g

0.5 mg

1/3 cup oatmeal, uncooked (28 g)

3g

1.2 mg

18.6 mg

-

1.1 mg

-

-

-

-

-

1:00pm LUNCH
BANANA HONEY NUT PROTEIN SHAKE

1 banana

-

SWEET POTATO FRIES

BANANA HONEY NUT PROTEIN SHAKE

27 g

16 mg

-

1 plant-based patty32(113 g)
27 mg

1 scoop plant-based protein powder (40 g)

0.5 mg

-

1 whole grain burger bun

0.7 mg

1 tsp honey

-

-

10:00am MID-PRACTICE SNACK
1.4 g

1 tbsp peanut butter (16 g)

1 mg

-

CLASSIC VEGAN CHEESEBURGER

1.5 oz raisins

1 banana

0.1 g

5:00pm POST-WORKOUT SHAKE

9:00-11:00am SPORT PRACTICE
DRIED FRUIT MEDLEY

1 scoop plant-based protein powder (40 g)

30 mg

4:00-5:00pm STRENGTH & CONDITIONING

1 scoop creatine powder (3 g)

3g

1 tbsp non-trans fat margarine (14 g)

1.8 mg

PISTACHIO SPINACH SMOOTHIE (blended, with creatine monohydrate)

7:15am BREAKFAST
1.5 cup calcium-fortified orange juice

15-20 multigrain baked tortilla chips

8g

-

-

-

1 tbsp olive oil, seasoned with cayenne and
salt
SIDE KALE SALAD WITH POMEGRANATE & HEMP
1 cup kale
2 tbsp hemp seeds (20 g)
1 tbsp pomegranate seeds

10:00pm BEDTIME SNACK

VEGAN COCONUT BERRY YOGURT BOWL

34

1g

0.25 mg

5 mg

-

0.1 mg

3.5 g

0.2 mg

7.8 mg

-

0.4 mg

1 cup soymilk

7g

1 mg

300 mg

0.12 g

0.5 mg

1/3 cup oatmeal, uncooked (28 g)

3g

1.2 mg

18.6 mg

-

1.1 mg

-

-

-

-

-

1 tbsp chia seeds (9 g)

-

-

-

-

-

1 tbsp hemp seeds

2g

0.8 mg

7 mg

1g

1 mg

3g

2 mg

40 mg

-

-

Handful of almonds (8)

2g

0.5 mg

20 mg

-

0.3 mg

1 tbsp peanut butter (16 g)

1 tsp honey
Homemade vinaigrette dressing29
Vegan cheese pizza30(112 g)

1 cup coconut yogurt
¾ scoop plant-based protein powder
1 cup blackberries (150 g)

11:00pm SLEEP

20

21

the RDA for iron is 1.8 times higher for vegans and vegetarians than for omnivores
the RDA for zinc is 1.5 times higher for vegans and vegetarians than for omnivores
24
plant-based bacon, soymilk, and fortified vanilla plant milk
25
based on JUST Egg, Plant-Based Scramble
26
contains 7.5 grams of polyunsaturated fatty acids
27
based on MorningStar Farms Veggie Bacon Strips
28
contains 5 grams of polyunsaturated fatty acids
29
also requires vinegar, Dijon mustard, fresh lemon juice, maple syrup, garlic, and salt and pepper
30
based on Bold Organics Vegan Cheese Pizza
31
based on Ripple Pea-Based Milk Vanilla
32
based on Beyond Meat Beyond Burger Plant-Based Patties
33
requires lemon juice, garlic, salt
34
stir protein powder into yogurt, then top with berries, seeds, and crushed almonds
35
based on Co Yo Probiotic Coconut Milk Yogurt, available in US, UK, and Australia
22
23

Table 1. Protein content of select food items
Food (serving size)

Protein (g)

Seitan, cubed (1/3 cup)

21

Tempeh, 1 cup)

20

Edamame, (1 cup)

19

Lentils, cooked (1 cup)

18

Black beans, cooked (1 cup)

15

Tofu, extra firm (0.2 block)

10

Soymilk, original and vanilla (1 cup)

6

Chia seeds (1 oz)

5

Appendix
Table 2. Alpha-linoleic acid (ALA) content of select food items

Recovery Bites (12)
Protein

Iron

Calcium

ALA

Zinc

ALA (g)

Flaxseed oil, 1 tbsp

7.26

Chia seeds, 1 ounce

5.06

¼ cup sunflower seeds, without shell (36 g)

7g

1.1 mg

25 mg

0.01 g

1.4 mg

¼ cup pumpkin seeds, without shell (36 g)

11 g

2.8 mg

18.7 mg

0.1 g

2.5 mg

3.3 g

1.1 mg

14 mg

0.02 g

1 mg

5 dates, medjool

2g

1 mg

75 mg

-

0.5 mg

2 tbsp goji berries

2g

1 mg

30 mg

-

0.5 mg

English walnuts, 1 ounce

2.57

¼ cup hemp seeds (28 g)

9g

2.3 mg

20 mg

3g

3 mg

Flaxseed, whole, 1 tbsp

2.35

34.3 g

9.3 mg

182.7 mg

3.1 g

8.9 mg

11.4 g

3.1 mg

60.9 mg

1.04 g

2.9 mg

Canola oil, 1 tbsp

1.28

Soybean oil, 1 tbsp

0.92

Black walnuts, 1 ounce

0.76

1/3 cup oats

Per 4 bites

Nutritional Boost Protein Add-Ons
•
For an extra 6g protein & 20 mg calcium: 4 tbsp hummus & vegetables
•
For an extra 4g protein & 0.5 mg iron: handful of wasabi peas
•
For an extra 16g protein & 2.3 mg zinc: 1 cup of edamame
•
For an extra 11g protein: 1.5 oz (42 g) roasted fava beans and peas
		
Can be added to salads and trail-mixes
•
For an extra 11g protein: 1/3 cup (52 g) almonds
		
Can be added to salads and trail-mixes
•
For an extra 20g protein, 3.8 mg iron, & 735 mg calcium: 1.5 cup high-protein plant-based drink39

based on Original Silk® Ultra Plant-Based Protein Drink

39

Food (serving size)

22

23

Table 3. Iron content of select foods

Table 5. Calcium content, absorption rate, and oxalate content of select food items
Low oxalate content, high absorption rate (~50%)

Food (serving size)

Iron (mg)

Lentils, cooked (1 c)

6.0

Food (serving size)

Calcium (mg)

Chickpeas, cooked (1 c)

5.2

Turnip greens, raw (1 cup, chopped)

104

Tofu (1/2 block)

3.7

Chinese cabbage, raw (1 cup, shredded)

74

Black beans (1 c)

3.6

Kale, raw (1 cup)

53

Quinoa (1 c cooked)

2.8

Pumpkin seeds (1 oz)

2.3

Food (serving size)

Calcium (mg)

Cashews (1 oz)

1.7

Soymilk, original and vanilla (1 cup)

299

Dried apricots (1/4 c)

0.9

Tofu, extra firm (0.2 block)

257

Spinach (1 c raw)

0.8

Hemp seeds (1 T)

0.8

Food (serving size)

Dried figs (1/4 c)

0.8

White beans, cooked (1 cup)

161

Chia seeds (1 T)

0.6

Almonds, unsalted (1 oz)

74

Kale (1 c raw)

0.4

Tahini (1 tablespoon)

64

Oranges (1 fruit)

61

Figs, dried (1/4 cup)

60

Moderate absorption rate (~30%)

Lower absorption rate (~20%)

High oxalate content, lowest absorption rate (~5%)
Table 4. Zinc content of select food items

Food (serving size)

Food (serving size)

Zinc (mg)

Beet greens, raw (1 cup)

45

Chickpeas, cooked (1 cup)

2.5

Spinach, raw (1 cup)

30

Pumpkin seeds (1 oz, without shell)

2.2

Swiss chard, raw (1 cup)

18

Lentils, cooked (1 cup)

1.3

Tempeh (100 g)

1.1

Tofu, extra firm (0.2 block)

1.0

Almonds (1 oz)

0.9

Whole wheat bread, 1 medium slice

0.6

*data from Food Data Central using SR Legacy entries: https://fdc.nal.usda.gov/. Data are rounded to the nearest tenth. Oxalate
content and absorption rates based upon [62].

*data from Food Data Central https://fdc.nal.usda.gov/.

24
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