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ABSTRACT

The health and environmental advantages of plant-predominant diets will likely lead to increasing numbers of consumers reducing their
reliance on animal products. Consequently, health organizations and professionals will need to provide guidance on how best to make this
change. In many developed countries, nearly twice as much protein is derived from animal versus plant sources. Potential benefits could
result from consuming a higher share of plant protein. Advice to consume equal amounts from each source is more likely to be embraced
than advice to eschew all or most animal products. However, much of the plant protein currently consumed comes from refined grains,
which is unlikely to provide the benefits associated with plant-predominant diets. In contrast, legumes provide ample amounts of protein as
well other components such as fiber, resistant starch, and polyphenolics, which are collectively thought to exert health benefits. But despite
their many accolades and endorsement by the nutrition community, legumes make a negligible contribution to global protein intake,
especially in developed countries. Furthermore, evidence suggests the consumption of cooked legumes will not substantially increase over
the next several decades. We argue here that plant-based meat alternatives (PBMAs) made from legumes are a viable alternative, or a
complement, to consuming legumes in the traditional manner. These products may be accepted by meat eaters because they can emulate the
orosensory properties and functionality of the foods they are intended to replace. PBMAs can be both transition foods and maintenance
foods in that they can facilitate the transition to a plant-predominant diet and make it easier to maintain. PBMAs also have a distinct
advantage of being able to be fortified with shortfall nutrients in plant-predominant diets. Whether existing PBMAs provide similar health
benefits as whole legumes, or can be formulated to do so, remains to be established.
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Introduction

For the past several decades, health organizations have rec-
ommended increasing the intake of whole plant foods [1]. These
recommendations include consuming more fruits and vegetables
[2,3], whole grains [4], and fiber-rich foods [5]. To varying
degrees, following this dietary advice is associated with reduced
risks of cancer, cardiovascular disease, diabetes, and overall
mortality [6-9]. More recently, the health benefits of replacing
animal protein with plant protein have been emphasized
[10-13]. The environmental advantages of this exchange are
also highlighted [14-16].

In developed countries, considerably more protein is
consumed from animal sources than from plants. For example,
NHANES (2015-2018) data indicate the US animal to plant
protein intake ratio is approximately 2.1:1 (54.8 g/d animal
protein, 25.8 g/d plant protein) [17]. Similar ratios have been
reported in many developed countries [18,19].

Although plant protein composition (i.e., amino acids) may
play a role [13,20], the health benefits associated with
consuming diets higher in plant protein likely rather result, at
least partly, from the nonprotein components of whole food
sources of plant protein. It is therefore noteworthy that in the
United States, 46% of the plant protein intake is from refined
grains [21]. Similarly, in France, one-third of dietary protein
intake is from plant sources and of that, 55% is from refined
grains [18]. As noted by Perraud et al. [22] and Mariotti and
Huneau [23], protein intake profiles largely define diets because
protein food sources contribute other nutrients that tend to
cluster together as a “protein package”, e.g., red meat tends to
contribute saturated fatty acids and bioavailable iron, and foods
high in plant protein tend to contribute fiber and poly-
unsaturated fatty acids.

The optimal dietary intake ratio of animal to plant protein has
not been established and may differ according to food avail-
ability. The EAT-Lancet Commission recommends obtaining
most protein from plant sources [14], whereas Canada’s Food
Guide states “Choose protein foods that come from plants more
often” when referring to “protein foods” [24], and the Health
Council of the Netherlands recommends a 1:1 animal to plant
protein ratio [25]. The latter 2 recommendations align with ef-
forts to reduce, but not eliminate, the dietary intake of animal
products, especially meat [26,27]. These recommendations can
still result in a marked reduction in diet-related environmental
pressures, such as reducing greenhouse gas emissions, and land
and water use [22] and are more likely to succeed because
relatively few people will ever completely eliminate animal
protein from their diet [28-30], whereas many may be willing to
substantially reduce their intake [31,32].

Effective reduction in meat consumption (flexitarianism) or
intention to do so (proflexitarianism) is largely explained by
current attitudinal changes related to the impact of meat intake
on human health, climate change, and animal welfare [33].
However, meat has an important culinary and cultural role in
most societies [34,35] and is viewed as an essential part of a
meal in many cultures [36,37]. Consequently, even complying
with the Dutch recommendation to consume similar amounts of
protein from animal and plant sources will be a challenge for
populations in developed countries, despite there being many
readily available plant sources of protein.
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The premise of this paper is that the new generation of plant-
based meat alternatives (PBMAs) can play a pivotal role in this
protein intake transition from animal to plant protein sources.
Not only can PBMAs aid in the transition to a diet higher in plant
protein, they can also help to maintain that diet once the tran-
sition has been made. The role of PBMAs as foods facilitating the
transition from an animal-based to a more plant-predominant
diet is not a new concept [38-40]. Less appreciated is the util-
ity of PBMAs in maintaining that newly transformed
plant-predominant diet over the long term [41]. Maintenance of
a plant-predominant diet is an important consideration because a
US study found that 10% of adults (>17 y) are former vegeta-
rians/vegans whereas only 2% are currently vegetarian or vegan
[42]. Thus, ensuring continued adherence to a
plant-predominant diet may be a seminal advantage of PBMAs.
Newly developed PBMAs are designed to provide the consumer
with the same orosensory properties as and functionality of the
meat products they are intended to replace. For these reasons,
these products are more likely to be embraced by populations in
developed countries where meat has come to play a central role
in the culture [43].

Given the potential role of PBMAs in the transition to and
maintenance of a diet that contains more plant protein, it is
important to consider their nutritional and health attributes in
comparison to both the meat they replace and the whole plant
foods (legumes, grains, nuts, seeds) for which they serve as an
alternative [16,44,45]. Globally, dietary guidelines provide
relatively little counsel on the use of PBMAs [46]. An exception is
Canada’s Food Guide, which notes in their guidance on how to
eat more protein foods that come from plants, that many simu-
lated meat products are highly processed and can add excess
sodium and saturated fat to the diet, and therefore, it is impor-
tant to use food labels to make a healthy choice [47].

Thus, the ramifications of reducing meat consumption on
nutrient intake must be considered because meat contributes
significantly to nutrient intake globally [48], including in Europe
[49] and the United States [50]. However, there is limited evi-
dence of the effect of reducing meat intake on nutrient adequacy
in the context of the overall diet. That is, the impact on nutrient
status when meat is replaced by other specific sources of calories
has not been explored. Recently, Dussiot et al. [51] ran gradual
meat intake reduction scenarios in successive 10% steps for diets
that were both nutritionally adequate and as close as possible to
a reference healthy dietary pattern. They found that some food
groups were able to replace the contribution of meat to nutrient
adequacy while also leading to overall healthier dietary patterns
(i.e., whole grains, fruit, vegetables, seafood). However, these
healthy dietary patterns require profound reorganization of the
diet.

Vieux et al. [52] estimated that approximately half of total
protein intake by French adults must be animal-based to meet
nonprotein nutrient-based recommendations, which would be
consistent with the 1:1 dietary animal:plant intake ratio pro-
moted by the Health Council of the Netherlands. However, the
optimization model and the research strategy that the authors
used have been strongly criticized, and the results appeared to be
explained by a marked over-restriction of the possible solutions
[53]. Also, this estimate excluded the use of dietary supplements
or fortified foods and did not consider the types of more novel
foods that may be consumed when meat intake is consciously
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reduced. Furthermore, Fouillet et al. [5S4] concluded that among
French adults, only when plant protein accounts for more than
80% of total protein are nutrient fortification/supplementation
and/or new foods required to meet nutrient requirements. In any
case, all modeled diets greatly departed from current observed
diets, which again indicates the major change needed to most
diets.

Finally, it is acknowledged that in the near term the dietary
contribution of PBMAs will be a consideration primarily relevant
only to developed countries due to their high meat intake and
ability to afford the relatively high cost of many PBMAs relative
to more conventional meat alternatives such as legumes [55].
However, projections that the global demand for animal prod-
ucts will rise by 60-70% by 2050 stem primarily from the
anticipated increased consumption in low- and middle-income
countries [56]. As the price of PBMAs decreases, as is ex-
pected, and consumer awareness of the link between diet and
climate change and the relatively low environmental footprint of
PBMAs increases, these products may be embraced in both
developed and developing countries [57-59].

The general topics covered in this manuscript include back-
ground information on PBMAs, current animal to plant protein
intake ratios, protein and chronic disease risk, protein quality
and global protein needs, using legumes and PBMAs to lower the
animal to plant protein ratio, and current understanding of the
health effects of PBMAs.

Historical Perspective on PBMAs

Meat substitutes have existed in the Western world for more
than a century and considerably longer in some Asian countries.
Notable in this regard is the creation of Nuttose in 1896 by Dr.
John Harvey Kellogg, which was a canned product made pri-
marily from peanuts [60]. In 1911, in France, cold cuts made
from soy became available, and in 1922, the first soy-based meat
alternative was developed by Madison Foods in Tennessee [61].
However, in part because of improvements in technology and
increased consumer demand, within the past 2 decades, the
PBMA industry has been especially active and innovative [62].

Traditionally, adherents of plant-predominant diets met their
protein needs by consuming a mix of grains and legumes, a
common culinary practice among cultures throughout the world.
These food groups have indispensable amino acid (IAA) profiles
that complement one another such that the combination pro-
duces a protein with an IAA pattern that more closely matches
biological requirements [63-66]. Traditional soy foods such as
tofu and tempeh, which have been consumed in many parts of
Asia for centuries, have been embraced by flexitarians [67] and
vegetarians over the past several decades because of the abun-
dant amounts of high-quality protein they provide [68,69].
There are also “veggie” burgers, such as a black bean burger,
made using beans, often in combination with grains and vege-
tables that may or may not be vegan [70]. This type of product is
especially attractive to those wanting a food that can be
consumed in the same manner as a meat patty. The wheat
(gluten)-derived product seitan also fills a role as a meat sub-
stitute [71].

However, none of the aforementioned products truly emulate
the orosensory properties of meat, and for this reason, their
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entrance and acceptance by the mainstream consumer has been
somewhat limited [72,73]. Research shows that for PBMAs to
successfully replace meat, they need to emulate the taste,
texture, visual appearance, and cooking method of meat [74,75].
The new generation of PBMAs, which are typically comprised of
protein extracted from legumes such as pea and soy, and/or
wheat gluten and require new technology for their production,
meets these criteria [45,76,77]. These products, while embraced
by vegetarians, are designed to appeal to a much broader dem-
ographic—basically, anyone wanting to reduce meat intake [78].
In fact, US household data indicate that over a recent 2-y period,
86% of purchasers of PBMAs were consumers of beef [79].

Several research groups have published comprehensive re-
views on the nutrient content of a wide range of PBMAs [76,
80-83], so this information will not be discussed in detail here.
The nutrient content of PBMAs varies widely and differs ac-
cording to the primary sources of protein, secondary ingredients
(e.g., type of fat added), and the addition of micronutrients. It is
also recognized that meat alternatives not made from legumes,
but from algae, fungi, and insects, are gaining relevance, and that
animal protein is being produced by in vitro methods and pre-
cision fermentation [84]. However, the focus of this manuscript
is on legume-based PBMAs, that is, products such as patties that
are made primarily from extracts of legume protein. Surveys to
date indicate consumers are more accepting of PBMAs than other
types of alternatives [85,86]. It is notable that a recent analysis of
the French diet found that plant-based substitutes that include
legumes appear more nutritionally adequate to substitute for
animal products than other alternatives [87].

Animal to Plant Protein Intake Ratios

As highlighted above, in many developed countries, approx-
imately twice as much protein is consumed from animal sources
compared with plant sources [18,19,21,88], whereas globally,
this ratio is reversed—in many developing countries, much less
than one-third of dietary protein is derived from animal sources
[89,90]. In Bangladesh for example, 80% of the protein
consumed is from plant sources [90]. Interestingly, according to
crude estimates based on disappearance data, animal and plant
sources provided similar amounts of protein in the United States
in 1909 [91]. However, over the past century, the animal to plant
protein intake ratio has steadily increased as a result of an in-
crease in animal protein intake and a decrease in plant protein
intake [21,91].

Differences between Animal and Plant Protein

Chronic disease risk

As noted previously, most evidence suggests that the health
benefits of plant-predominant diets likely stem from the
nonprotein components rather than the protein per se [92,93],
and likely also from the parallel reduction in animal product
intake. To this point, eliminating red and processed meat from
the diet in and of itself may reduce risk of CAD [94], although
there is disagreement on this point [95]. In any event, that which
replaces meat in the diet likely determines the extent to which
risk is reduced. For example, data from the combined analysis of
the Nurses’ Health Study (n = 84,628 women) and the Health
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Professionals Follow-up Study (n = 42,908 men) showed that
replacing 5% of energy intake from saturated fats with equiva-
lent energy intake from polyunsaturated fat, monounsaturated
fat, or carbohydrates from whole grains was associated with a
25%, 15%, and 9% lower risk of CAD, respectively, whereas
replacement with carbohydrates from refined starches/added
sugars was not significantly associated with risk reduction [96,
971.

However, it is also possible that differences between animal
and plant proteins may affect chronic disease risk because of the
differences in their amino acid profiles [13,98-100]. For
example, there is mounting evidence that the concentration of
certain amino acids that is higher in animal protein than plant
protein, such as the branched-chain amino acids and methionine,
may exert adverse effects on metabolism, whereas the concen-
tration of certain amino acids that is higher in plant protein than
animal protein, such as glutamine, cysteine and arginine, may
exert beneficial effects [20,100,101]. Thus, diets differing in the
amounts of animal and plant protein content may exert differing
metabolic effects due to the differences in amino acid profiles as
well as the differences in nutrients and nonnutrients found in
their respective protein packages. For example, there are phy-
tochemicals such as isoflavones and glucosinolates, which
theoretically could exert both favorable and unfavorable effects,
and phytate, which inhibits mineral absorption but is also an
antioxidant [102,103]. In general, over the past several years,
systematic reviews and meta-analyses of observational data have
found that animal protein is associated with increased risks of
type 2 diabetes, cardiovascular mortality, and all-cause mortal-
ity, whereas plant protein is associated with decreases risks of
these outcomes [12,104,105].

Finally, it would be remiss not to mention that there are
shortfall nutrients in vegetarian and especially vegan diets.
Notable in this regard are vitamin B12, zinc, iodine, and calcium
[106]. Vegan diets require the use of supplements and/or forti-
fied foods. However, deficiencies are much less likely to occur
when adhering to a plant-predominant diet as is discussed here
than a vegan diet. Furthermore, deficiencies are not necessarily
more likely to occur because a serving of legumes is replaced by a
PBMA. In fact, as noted later, because PBMAs have the potential
to be fortified, they may be less likely to occur.

Protein quality

Differences between the amino acid profiles of animal and
plant protein are associated with differences in protein quality.
Animal proteins tend to be higher in IAAs [99,107] and as such
have higher protein quality scores as determined by the protein
digestibility corrected amino acid score and the digestible
indispensable amino acid score [108-110]. However, in pop-
ulations consuming a mix of animal and plant protein, these
differences are not likely to be clinically relevant. In fact, it is not
established whether the lower quality of some plant proteins
necessitates that adherents of plant-predominant diets consume
higher amounts of protein to meet their biological requirements
for nitrogen and amino acids [111]. To this point, there is no
vegan US protein RDA as there is for iron (1.8 versus 1.0 mg). On
the other hand, some [111-114], but not all [115], experts have
called for vegans to consume more protein to account for the
lower digestibility of protein from plants [116]. The Dutch
Ministry of Health recommends that vegans consume 30% more
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protein than omnivores to compensate for the lower quality of
plant protein [117]; however, this recommendation greatly ex-
ceeds recommendations made by most experts [29].

Global Protein Needs

The world population is predicted to reach close to 10 billion
people 3 decades from now [118]. Determining how best to meet
the global protein and caloric needs of the 2050 population is a
matter of some urgency. Protein is by far the more important
consideration because, as was noted in a recent report from the
Stockholm Resilience Centre, “Meeting the demand for protein,
within environmental limits, is one of the biggest challenges for
the global food system in the 21st century” [119].

Precisely how much protein will be needed is unclear, but to
answer this question, Irish researchers proposed 5 scenarios
[120]. At the high end of the spectrum, it was estimated that
protein production will need to increase by 78% to meet global
protein needs based on the premise that the entire population
will consume ~100 g/d protein. On the low end, which is based
on the premise the population will consume only 50 g/d protein,
production could decrease by 13% without compromising pro-
tein availability. The high estimate may be the more probable
scenario because although the types of protein consumed vary
markedly among cultures and societies, if availability allows,
populations tend to consume approximately 16% of their calo-
ries in the form of protein [121], which is much greater than the
approximate 10% of calories needed to meet the RDA [122].

Finally, for an assortment of reasons, including concern over
the environment and animal welfare as well as personal health
considerations, evidence suggests that over the next 30 y in
developed countries, there is likely to be a shift in the direction of
a plant-predominant diet [123]. Therefore, the question becomes
how the world is going to produce the calories and plant protein
needed by 2050. If the plant protein is to come from non-soy
legumes, global production would need to substantially in-
crease to meet demand whereas worldwide soybean production
is sufficient to meet that need if some of the soy protein currently
used for animal feed is instead used for direct human con-
sumption [124].

Shifting the Animal to Plant Protein Intake Ratio

Consuming more legumes is an obvious choice for increasing
plant protein intake [125, 126]. In 2013, the United Nations
declared 2016 as the International Year of Pulses [127], and the
International Lipid Expert Panel places soy, legumes, and nuts at
the top (most desirable) of the protein source pyramid for pro-
moting cardiometabolic health [128]. Legumes (including beans
and other pulses) are beneficial to long-term health [129,130],
good sources of protein and fiber [52], affordable [131], and
have a low environmental footprint [132]. However, despite
their many accolades, pulses are vastly underutilized sources of
nutrition in most regions in the world (Table 1) [133]. World-
wide, pulses account for only 6% of total protein intake.

In the United States, dry bean intake accounts for only about
2% of the total protein intake and 6% of plant protein [21]. A
recent French study found that even knowledge of the health
benefits of pulses did not lead to greater intake of these foods
[134]. Reuzé et al. [135] recently summarized motives associ-
ated with greater legume consumption among French adults.
Furthermore, only very recently (2017) did French public health



M. Messina et al.

TABLE 1

World and selected region pulse intake
Region g/d % Total intake

Protein kcal

World 21 6 3
Latin America and Caribbean 34 9 4
Sub-Saharan Africa 33 12 5
South Asia 33 11 5
North Africa 19 5 2
West Asia 19 6 3
Oceania 12 2 1
North America 11 2 1
Southeast Asia 9 3 1
Europe 7 2 1
East Asia 4 1 0
Caucasus and Central Asia 1 0 0

Adapted from reference 133 with permission.

authorities include a specific guideline on legumes in the dietary
guidelines [136,137].

Although the terms legumes, pulses, and beans are often used
interchangeably, pulses are the edible seed part of the legume
plant. Pulses include beans, lentils, dry peas, chickpeas, and cow
peas. Legumes not only include pulses, but soybeans, peanuts,
snap beans, and snap peas [138]. Soybeans and peanuts are
referred to as oilseed legumes because of their high fat content.
Legume consumption has traditionally been a larger part of the
cuisines in countries and regions such as Mexico (refried kidney
beans), India (dhal and pappadums), the Mediterranean (navy
bean soup and Greek fava), and the Middle East (falafel and
hummus).

As can be seen from Table 2, on a caloric basis, legumes are
approximately 29% protein, which is approximately twice the
percentage (13%) found in grains, and legumes on average are
also higher in fiber than grains [139]. Substituting the protein
from one serving of cooked beans daily for an equivalent amount
of animal protein would lower the US animal to plant protein
intake ratio from approximately 2.1:1 to 1.3:1. This exchange
would result in an additional 8.6 g of plant protein being
consumed [140]. Adding that amount to the 25.8 g/d of plant

TABLE 2
Protein and fiber content of selected legumes (per 100 g cooked) from
the USDA’s FoodData Central’

Legume USDA FDC ID Protein Fiber
@ % kcal @
Soybeans 174271 18.21 42.35 6.0
Lupin 173804 15.57 53.69 2.8
Lentils 175254 9.02 31.65 7.9
Pinto beans 175200 9.01 25.20 9.0
Great Northern beans 173790 8.33 28.24 7.0
Kidney beans (red) 175242 8.67 27.31 7.4
Black beans 175237 8.86 26.85 8.7
Mung beans 175255 7.02 26.74 7.6
Peas (green) 170102 5.36 25.52 5.5
Navy beans 173794 8.23 23.51 10.5
Adzuki beans 173789 7.52 23.50 7.3
Lima beans 169316 6.81 22.15 5.3
Garbanzo beans 173799 8.86 21.61 7.6

1 U.S. Department of Agriculture, Agricultural Research Service.
FoodData Central, 2019. fdc.nal.usda.gov.
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protein per capita consumed in the United States would result in
a total of 34.4 g/d [17]. Subtracting 8.6 g/d from the 54.8 g/d of
animal protein per capita consumed in the United States would
result in a total of 46.2 g/d. Thus, the dietary animal to plant
protein ratio would be 1.3:1 (46.2:34.4). On the other hand,
meeting the cooked beans, peas, and lentils intake recommen-
dation of the current US Dietary Guidelines—3 servings weekly
(1.5 cups cooked)—would clearly have much less effect [141]. If
the approximate 3.7 g/d protein from these plant foods replaced
an equal amount of animal protein, the ratio would decrease only
from 2.1:1 to about 1.7:1 (51.1:29.5). (Note that the US
Department of Agriculture designates one serving of beans as
one-half cup, which weighs approximately 90 g, whereas in this
manuscript, 100 g is considered to be one serving based on work
by Marinangeli et al [140]).

Is the Direct Consumption of Pulses Likely to
Increase?

How likely is it that Americans and other Western populations
will consume one serving of cooked pulses daily? Despite calls
for greater public health efforts promoting pulse consumption
[142,143], there is little evidence that these efforts, if under-
taken, will be successful. In NHANES (2013-2014; n=6048),
only 4% of participants consumed legumes on both days of the
survey [144]. Furthermore, that figure was lower than the 5.6%
of participants who consumed legumes on both days of the sur-
vey in the previous 2 y. More recently, Tao et al. [145] reported
that among the 4058 participants in NHANES 2017-2018, daily
legume intake averaged only 0.11 servings, which was not
higher than reported in NHANES 2011-2012 (n = 4313, 0.12
servings/d). This downward trend in legume intake is also
evident from data from the Continuing Survey for Individual
Intakes (1994-1996) wherein 14% of the US adults consumed
dry beans on both days of the survey [146]. In contrast, in the
2017 Beans, Lentils, Peas Survey, only 4.9% of participants
consumed beans on both days of the survey [144]. Even more
striking in some ways is that, based on grocery purchases, US
mean annual per capita expenditure on legumes was only $4.76
during 2017-2019 [147].

In NHANES, because of their higher fat content, neither soy-
beans nor peanuts are included in the legume category. As seen
in Table 3, one serving (2 tbsp) of peanut butter provides almost
as much protein as a serving of pulses (7.27 g versus 8.62 g)
although it contains considerably more kcal (~189 versus
~127). Furthermore, according to the Adventist Health Study 2,
reported legume intake (minus soy) of male vegans was only
about 65 g/d legumes, about three-quarters of a serving,
although they also consumed on average 207 g/d soy foods
[148].

Legume intake is similarly low in the United Kingdom. In the
Oxford component of the European Prospective Investigation
into Cancer and Nutrition, when standardized for an intake of
2000 kcal, regular meat eaters (n = 2852) reported consuming
only 26.7 g/d of pulses/legumes. Vegans (n = 269) consumed
68.4 g/d, but that is still less than one serving [149]. However,
vegans also consumed 59.6 g/d of vegetarian protein alterna-
tives (e.g., tofu, soymilk, soy burgers, Quorn), much higher than
the 4.9 g/d consumed by regular meat eaters.

Barriers to bean consumption in Western countries include
beans not being part of the traditional diet, concerns about
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TABLE 3
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Energy, macronutrient and fiber content of legumes and foods made from legumes’

Pulses (N = 29) Tofu (N = 10) Peanut butter (N = 3) Peanuts (N = 3) Soy-PBMAs (N = 5)
Energy (kcal) 127 £ 14 100.10 + 24.86 189.00 + 1.73 161.33 £ 0.94 198 + 83.28
Protein (g) 8.62 + 1.54 10.95 + 2.53 7.27 +0.38 7.23 +0.14 18.8 + 5.08
% kcal protein 27.1 43.8 15.4 17.9 38.0
Fat (g) 0.66 + 0.62 5.76 + 1.91 16.07 + 0.31 13.8 0.24 11.2 + 6.97
Carbohydrate (g) 22.55 + 3.49 2.20 + 0.98 7.24 + 0.40 5.03 + 0.64 8.2+ 223
Fiber (g) 7.4+ 2.0 1.07 £ 0.60 1.99 + 0.50 2.52 +0.12 4.2 + 2.04

Nutrient database number for tofus: 16160, 16281, 16159, 16277, 16276, 16212, 16211, 16426, 16427, 16213; Peanut butter: 16097, 16398,

16167 and peanuts; 16091, 16093, 16095
PBMA, plant-based meat alternative.

! Values = mean + standard deviation. Serving sizes: pulses, 100 g cooked tofu, 100 g raw; peanut butter, 2 tablespoons (32 g); peanuts, 1 oz (28
g); soy-PBMA (burgers, 1 patty). Sources: Values for tofu, peanut butter, peanuts from U.S. Department of Agriculture, Agricultural Research
Service. FoodData Central, 2019. fdc.nal.usda.gov. All tofus except one either hard or firm. Values for pulses and soy-PBMAs come from references

[133] and [145], respectively.

flatulence/abdominal discomfort, lack of knowledge about
preparation/cooking [150], objectionable taste and texture and
high carbohydrate content [144], the perception that beans are
“poor man’s food” or “poor man’s meat,” [151] and concerns
about antinutrients. Considerable efforts will be needed to in-
crease intake of whole legumes in the general population,
including additional public education campaigns, changing the
food environment, and more legume-based dishes being served
at schools, hospitals, and restaurants. However, if protein
intake from the consumption of cooked legumes served in the
traditional manner is unlikely to substantially increase, a viable
alternative is to consume PBMAs made from legumes. Impor-
tantly, and as noted previously, PBMAs should not be viewed
as a replacement for legumes, but as a complement; that is, it is
not one or the other. Both foods can be used as a means of
increasing legume and plant protein intake.

Perspectives on PBMAs

Introduction

The potential role of meat substitutes in reducing reliance on
and changing attitudes toward meat was recently demonstrated
by Bianchi et al. [152]. These authors found that a 4-wk
behavioral program in which British study participants were
provided PBMAs along with recipes for their use and information
about the benefits of eating less meat and told of success stories
of people who had reduced their meat intake, resulted in a
reduction in meat intake and changes in psychosocial constructs
consistent with a sustained reduction in meat intake.

Evidence that PBMAs can substantially contribute to reducing
the animal to plant protein intake ratio is readily apparent. Ac-
cording to Messina et al. [153], the protein content of 5
soy-based patties ranged from 14 to 27 g per patty, considerably
more than an average serving of pulses (~8.6 g) (Table 3). Even a
conservative estimate indicates that the consumption of only 4
servings (4 patties) of soy-based patties per week or about 75 g
protein, if replacing animal protein in the diet, would bring the
US animal to plant protein intake ratio down to approximately
1.2:1. Arguably, the higher protein content of the PBMAs versus
legumes may allow for the former to more effectively facilitate
the transition to a diet containing similar amounts of animal and
plant protein.

Skepticism about the utility of PBMAs

The increased popularity of PBMAs has led to greater scrutiny
of their nutritional attributes and questions about their role in
the diet. For example, Toh et al. [154] recently commented that
“There is a gap in our understanding of the long-term impacts of
dietary patterns that characteristically feature PBMAs compared
with PBDs (plant-based diets).” The PBDs in this case refer to a
balanced consumption of grains, legumes, nuts, seeds, fruits, and
vegetables. Fardet et al. [155, 156] maintain that, as a rule,
degrading the food matrix, as occurs for example in the extrac-
tion of protein from beans, adversely impacts the healthfulness
of that food, regardless of its nutrient and calorie content.
Furthermore, based on associations between ultraprocessed food
(UPF) intake and adverse health outcomes, Gehring et al. [157]
hypothesized that a higher intake of the processed form of
plant-based foods might reduce or cancel their potential health
benefits.

Concerns about the processing involved in the
production of PBMAs

The processed nature of PBMAs was highlighted by Mac-
diarmid [158], when this author concluded that the trend to-
ward consuming more highly processed plant-based convenience
foods is a concern regarding both public health and achieving the
targets of reducing greenhouse gas emissions. If based on the
NOVA classification, it was reported that swapping meat for
PBMAs in France would result in an increase in the percentage of
energy from UPFs from 29% in observed diets to 34% on average
and up to 40% according to type of substitution in modeled diets
[87]. As an aside, in reference to the comment by Macdiarmid
[158], although it may be true that a soy-based patty is more
convenient than having to boil dry beans, it may not be more
convenient than eating canned beans or ground beef. Further-
more, research indicates that plant-based burgers have a low
environmental footprint [57,58,159,160].

The considerable discussion about the NOVA food classifica-
tion system and the harms of consuming foods classified by
NOVA as ultraprocessed shines a negative light on the entire new
generation of PBMAs because they are classified by NOVA as
UPFs [161,162], foods whose intake is to be discouraged [163].
However, a recent analysis found that, of the many common
criticisms of UPFs, none of those examined apply to soy-based
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meat alternatives (or soy-based dairy alternatives), all of which
were NOVA-classified as UPFs, more so than they apply to their
animal-based counterparts, beef and cow’s milk, which are
classified as unprocessed/minimally processed foods. The criti-
cisms addressed were 1) hyperpalatability, 2) high energy den-
sity, 3) increased energy intake rate, 4) low satiation, 5) low
cost/high snackability, and 6) high glycemic index (milks only)
[153]. One concern not addressed by the authors of this analysis
is that UPFs cause adverse changes in the microbiome [164];
however, based on the available evidence, this does not appear
to be the case for PBMAs [165].

Furthermore, many PBMAs are rated highly by nutrient
profiling models other than NOVA [166]. For example, Austra-
lian researchers recently found the average Health Star rating for
50 plant burgers was 3.9 (5-point scale) versus a rating of 2.9 for
a meat burger [167]. A French analysis found that plant-based
meat and dairy substitutes had a small effect on overall quality
of the French diet and heterogeneous impacts on nutrient ade-
quacy and security. Importantly, as mentioned previously, it was
found that plant-based substitutes that include legumes appear
more nutritionally adequate to substitute animal products than
other alternatives such as cereal-based substitutes [87].

Clinical data supportive of PBMAs

Evidence offering the most direct insight regarding the com-
parison between meat and PBMAs comes from the clinical trial
Study With Appetizing Plantfood-Meat Eating Alternative Trial
(SWAP-MEAT) [168]. Participants (n = 36) consumed about 2.5
servings daily of PBMAs or analogous meat products, providing
25% of total calories and 50% of total protein, for 8 wk each in a
randomized, crossover design. Results showed that consumption
of PBMAs significantly decreased circulating levels of trime-
thylamine oxide and low density lipoprotein cholesterol as well
as body weight when compared with the meat products [168].
There were also no differences in inflammatory markers between
the groups [169] nor were adverse effects observed on any of the
other endpoints analyzed.

Also of relevance are the results of the SWAP-MEAT Athlete
study, which involved 24 athletes [12 recreational runners and
12 resistance trainers] who were randomly assigned to 3 diets
for 4 wk each in a crossover design: whole foods plant-based,
plant-based with PBMAs, and an omnivorous diet [170]. At
study termination, there were no differences in running
outcomes for the runners or lifting outcomes for the
resistance trainers, suggesting that inclusion of PBMAs in a
plant-predominant diet may not impact fitness outcomes in
athletes compared to a whole foods plant-predominant diet and
an omnivorous diet.

Additionally, although not a direct comparison of meat and
PBMAs, a recent 3-mo parallel-arm designed clinical trial
compared the effects of a low-carbohydrate vegan diet with a
moderate-carbohydrate vegetarian diet in 164 participants with
type 2 diabetes [171]. To achieve a lower carbohydrate content
in the vegan diet, the diet was higher in fat (from canola oil) and
protein. Approximately 25% of total caloric intake was derived
from protein, nearly all of which came from plant sources, and
much of that was derived from soy-based meat alternatives. At
study termination, both diets caused significant reductions in
body weight, glycated hemoglobin, blood pressure, and blood
lipids, with no adverse effects reported [171].
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Legumes compared with legume-based PBMAs

As noted previously, PBMAs may be regarded as transition
foods or gateway foods to facilitate the conversion to a plant-
predominant diet. Or, in the words of Alae-Carews et al. [172],
PBMAs are an important “stepping stone” for dietary change.
Implicit in this perspective is that PBMAs are more healthful than
the meat they replace but perhaps less so than less processed
forms of plant protein, such as legumes and whole grains. Several
authors have pondered whether PBMAs derived from legumes
offer similar nutritional benefits or chronic disease reductions as
whole legumes [44, 45]. Van Vliet et al. [173] went a step further
by stating that “The mimicking of animal foods using isolated
plant proteins, fats, vitamins, and minerals likely underestimates
the true nutritional complexity of whole foods in their natural
state, which contain hundreds to thousands of nutrients that
impact human health.”

It is true that in addition to providing nutrients and fiber,
legumes contain an assortment of phenolic compounds that may
contribute to their health effects [174-176]. Observational data
indicate legume intake is associated with reductions in risk of
colorectal cancer [177] and all-cause mortality [178], and clin-
ical data suggest pulses may help to manage body weight [179]
and improve glycemic control [180]. However, the extent to
which bean phenolics contribute to these associations is not
known.

The new generation of PBMAs have not been commercially
available long enough for their intake to be examined in obser-
vational studies, and limited clinical data are available. On the
other hand, the primary proteins used in these products, such as
soy, and to a much lesser extent, pea, have been rigorously
investigated in the same processed form (e.g., soy protein isolate
and soy protein concentrate) as that used in PBMAs. For
example, soy protein is a high-quality protein [110, 181], lowers
blood cholesterol levels [182, 183] and promotes gains in muscle
mass and strength to a similar extent as animal proteins,
including whey [184]. Furthermore, one aspect of PBMAs that is
cited above by van Vliet et al. [173] as a disadvantage—the use
of isolated components—may actually be an advantage in com-
parison to consuming legumes in their unprocessed (raw) state,
as the manufacturing process allows the fortification of shortfall
nutrients in both plant-predominant and animal-based diets,
which, if need be, can be tailored to specific populations.

For example, one can envision that in populations where
intake of a particular nutrient, such as iron, is marginal, PBMAs
could serve as a vehicle for fortification of that nutrient. Industry
could be encouraged to fortify their products with nutrients that
may be of concern when replacing animal protein with plant
protein. Interestingly, in Canada, for a product to be considered a
“simulated meat product” the nutritional content must be equal
to that of the meat product it is intended to substitute [185]. Of
relevance to this discussion is a recent study that optimized the
recipe for creating a legume-based patty aimed at improving
nutritional content while taking account of technological con-
straints and applying nutritional constraints to limit risk of overt
deficiency in 12 key nutrients. Even in this case, there remained
the need to fortify with vitamin Bjs, zinc, and iron [186].

Another possible advantage of PBMAs is that components of
legumes that may be objectionable to some consumers such as
oligosaccharides because they can cause flatulence are greatly
reduced when the protein is extracted from the beans [187]. The
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digestibility of the extracted protein may also be greater because
of the elimination of compounds that can inhibit protein diges-
tion [108,116]. Additionally, processing can eliminate or reduce
compounds traditionally classified as antinutrients, such as
phytate [188]. The nutrient content of PBMAs varies widely, but
some tend to be relatively high in sodium, although they do not
meet the US Food and Drug Administration definition of a
high-sodium food (>400 mg/serving) [81,153,167]. Also, some
are high in saturated fat (but lower than beef), a result of the
attempt to emulate the orosensory properties of meat [153].

The addition of sodium can improve the taste and flavor of
plant-based ingredients and mask unpleasant flavors typical in
plant-based proteins, such as beany and chalky [189]. It is
important to note however, that because salt is commonly added
to ground beef when cooking to improve texture and taste, there
may be little difference in the sodium content between PBMAs
and beef as they are typically consumed [190]. Given the im-
provements in taste and texture of PBMAs made in recent years,
it is not unreasonable to speculate that future iterations of
PBMAs will be able to maintain or improve current orosensory
properties while reducing sodium and saturated fat content. In
fact, the newest version of one popular soy-based burger contains
less saturated fat (8 g versus 6 g per serving) than the original
version [191].

One concern about PBMAs is their potential to be consumed
similarly to the traditional way in which hamburgers are con-
sumed—with a refined bun and perhaps fries or chips [159].
Although this concern is understandable, in addition to patties,
PBMAs are now available in many other forms. For example,
products that emulate steak, chicken, and seafood are either
already available or soon expected. Thus, the way PBMAs can be
consumed is much broader than was initially the case.

Hybrid Meat Products

Hybrid meat products, which refers to the combination of
animal and plant protein, may be an especially appealing and
efficacious approach to decreasing meat intake, as research
shows that to create an effective dietary change, new practices
should not diverge too much from consumers’ previous behavior
[192-194]. These products preserve the animal flavor while
reducing the amount of meat in the formulation. Such products
offer convenience and a more characteristic taste to flexitarian
consumers [195,196]. The purpose of hybrid meat products is to
substitute a portion of the meat with a more sustainable source,
whereas plant-based ingredients in meat products are often
added for their functionality, such as extenders, fillers, and
binders [84,197]. If hybrid meat products increase in popularity,
soy protein ingredients can contribute to their success, as man-
ufacturers have considerable experience using these combina-
tions [198,199]. This is also likely the case for other legume
proteins.

Conclusion and Perspective on the Protein
Intake Transition

Evidence indicates that PBMAs represent a convenient,
nutritious, and sustainable way to lower the animal to plant
protein intake ratio in developed countries. The occasional
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replacement of meat, such as beef, with a PBMA is unlikely to
result in nutrient intake being compromised, especially if the
PBMAs are fortified with shortfall micronutrients. A conservative
estimate indicates that replacing just 4 servings per week of meat
with 4 servings of soy-based PBMAs is sufficient to lower the
animal to plant protein intake ratio from about 2.1:1 to 1.2:1,
which is a reasonable goal given the glacial pace at which
changes in dietary habits typically occur. As new PBMAs are
developed, additional research on these products will be needed
to help further understand their role in a healthy diet.

Future iterations of PBMAs should reflect a continued
emphasis on improving nutrient content while maintaining the
orosensory properties that make them effective options for in-
dividuals moving away from an animal-based to a more plant-
predominant diet. In some sense, the comparison between the
health attributes of legumes and PBMAs is irrelevant if in fact,
legume intake is unlikely to substantially increase, although
continued efforts aimed at increasing legume intake should be
undertaken.

Health professionals need to be well informed about PBMAs
so they can competently advise their patients and clients about
the role these foods can play in the diet. Both health pro-
fessionals and consumers need to recognize that the nutrient
content of PBMAs varies markedly. Such variation also exists for
plant-based milks; for example, some are low in protein and not
all are fortified with key nutrients found in cow’s milk, such as
calcium and vitamin D [200]. Recently, Klapp et al. [46] rec-
ommended that dietary guidelines “should differentiate between
plant-based alternatives that can be consumed frequently and
those that should be consumed in moderation or merely for
enjoyment.”

In a recently published textbook on vegetarian diets for di-
etitians, intake recommendations for vegans included legumes at
least 3 times daily [201]. Although both pulses/dry beans and
soybeans are legumes, because of the high fat content of the
latter and because of the many forms in which soybeans are
consumed, soyfoods can be viewed as a separate category from
pulses. Given their high fat content, peanuts (and peanut butter)
can also be viewed similarly to soy [108]. The pulses/dry beans
and soy/peanut categories can be part of legume-based PBMAs.
Thus, there are 3 distinct ways to incorporate legumes into the
diet, i.e., dry beans/pulses, peanuts and foods derived from
soybeans, and PBMAs.

In the interest of diet/nutritional diversity and convenience,
consumers may consider choosing foods from each of these 3
legume categories because doing so may enhance adherence—by
increasing variety—to plant-predominant diets, and it may
facilitate sufficient nutrient intake. On a per serving basis, many
PBMAs are considerably higher in calories than pulses [140] and
traditional soyfoods such as tofu (Table 3), so when caloric
intake is restricted, this difference needs to be appreciated.
Meeting the legume intake recommendation by consuming foods
from the 3 legume-based food categories needs to be individu-
alized based on health and personal factors including cultural
considerations, economic status, and overall lifestyle.

In conclusion, PBMAs provide a convenient option for omni-
vores to transition to a diet that has a lower animal to plant
protein ratio. As more such products enter the market, and their
cost decreases as is expected, PBMAs are likely to become
increasingly mainstream. For adherents of plant-predominant
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diets, well-designed, nutrient-dense formulations of PBMAs
should be able to provide shortfall nutrients, and for many in-
dividuals, they will likely enhance compliance to their diet by
increasing the variety of protein-rich plant foods available.
Finally, whereas a deeper redesign of the diet to include more
traditional, minimally processed plant protein sources that have
proven nutritional/health benefits should remain a primary goal,
PBMAs are useful and indeed practically indispensable to facil-
itate and maintain the transition toward a more plant-
predominant diet for a large part of the population and are apt
to make continued adherence to these diets easier.

Acknowledgments

The authors’ responsibilities were as follows—MM and FM
wrote the initial draft of the manuscript with contributions from
AMD and AJG. All authors reviewed and commented on subse-
quent drafts of the manuscript and read and approved the final
manuscript.

Funding
The authors reported no funding received for this study.

Author disclosures

MM is employed by the Soy Nutrition Institute Global, an
organization that receives funding from the United Soybean
Board and industry members who are involved in the manufac-
ture and/or sale of soy foods and/or soybean components. AD is
a scientific advisory to the Soy Nutrition Institute Global. AJG
has received an honorarium from the Soy Nutrition Institute and
Academy of Nutrition and Dietetics. FM has received research
grants for PhD fellowships under his direction by AgroParisTech
and INRAE from Terres Univia and Ecotone Foundation, under
the aegis of the Foundation de France. Terres Univia is the pro-
fessional association for oilseeds and protein-rich plants in
France, which are mainly used as livestock feeds. The Ecotone
Foundation for biodiversity is founded by the Ecotone Group that
sells mainly organic and plant-based foods.

References

[1] C.L. Rock, C. Thomson, T. Gansler, S.M. Gapstur, M.L. McCullough,
A.V. Patel, et al., American Cancer Society guideline for diet and
physical activity for cancer prevention, CA Cancer, J. Clin. 70 (4)
(2020) 245-271, https://doi.org/10.3322/caac.21591.

World Health Organization, Fruit and Vegetable Promotion Initiative —
report of the meeting, Geneva, August 2003. [Internet], 2003,

pp. 25-27. Available from: https://apps.who.int/iris/bitstream/hand
le/10665/68395/WHO_NMH_NPH_NNP_0308.pdf.

R.J. Deckelbaum, E.A. Fisher, M. Winston, S. Kumanyika, R.M. Lauer,
F.X. Pi-Sunyer, et al., Summary of a scientific conference on preventive
nutrition: pediatrics to geriatrics, Circulation 100 (4) (1999) 450-456,
https://doi.org/10.1161/01.cir.100.4.450.

F. Curtain, S. Grafenauer, Historical and global perspectives on grains
and whole grains within dietary guidelines, Cereal Foods World 65 (3)
(2020), https://doi.org/10.1094/CFW-65-3-0029.

J.L. Slavin, Position of the American Dietetic Association: health
implications of dietary fiber, J. Am. Diet. Assoc. 108 (10) (2008)
1716-1731, https://doi.org/10.1016/j.jada.2008.08.007.

D. Aune, E. Giovannucci, P. Boffetta, L.T. Fadnes, N. Keum, T. Norat, et
al., Fruit and vegetable intake and the risk of cardiovascular disease,
total cancer and all-cause mortality-a systematic review and dose-
response meta-analysis of prospective studies, Int. J. Epidemiol. 46 (3)
(2017) 1029-1056, https://doi.org/10.1093/ije/dyw319.

(2]

[3]

[4]

[51

(61

400

(71

(81

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Advances in Nutrition 14 (2023) 392-405

G.A. Gaesser, Whole grains, refined grains, and cancer risk: a
systematic review of meta-analyses of observational studies, Nutrients
12 (12) (2020) 3756, https://doi.org/10.3390/nul2123756.

D. Aune, N. Keum, E. Giovannucci, L.T. Fadnes, P. Boffetta,

D.C. Greenwood, et al., Whole grain consumption and risk of
cardiovascular disease, cancer, and all cause and cause specific
mortality: systematic review and dose-response meta-analysis of
prospective studies, BMJ 353 (2016), i2716, https://doi.org/10.1136/
bmj.i2716.

N. Veronese, M. Solmi, M.G. Caruso, G. Giannelli, A.R. Osella,

E. Evangelou, et al., Dietary fiber and health outcomes: an umbrella
review of systematic reviews and meta-analyses, Am. J. Clin. Nutr. 107
(3) (2018) 436-444, https://doi.org/10.1093/ajcn/nqx082.

A.S. Abdelhamid, T.J. Brown, J.S. Brainard, P. Biswas, G.C. Thorpe,
H.J. Moore, et al., Omega-3 fatty acids for the primary and secondary
prevention of cardiovascular disease, Cochrane Database Syst. Rev. 11
(11) (2018) CD003177, https://doi.org/10.1002/
14651858.cd003177.pub4.

L. Al-Shaar, A. Satija, D.D. Wang, E.B. Rimm, S.A. Smith-Warner,
M.J. Stampfer, et al., Red meat intake and risk of coronary heart
disease among US men: prospective cohort study, BMJ 371 (2020)
m4141, https://doi.org/10.1136/bmj.m4141.

S. Naghshi, O. Sadeghi, W.C. Willett, A. Esmaillzadeh, Dietary intake
of total, animal, and plant proteins and risk of all cause,
cardiovascular, and cancer mortality: systematic review and dose-
response meta-analysis of prospective cohort studies, BMJ 370 (2020)
m2412, https://doi.org/10.1136/bmj.m2412.

C.D. Gardner, J.C. Hartle, R.D. Garrett, L.C. Offringa, A.S. Wasserman,
Maximizing the intersection of human health and the health of the
environment with regard to the amount and type of protein produced
and consumed in the United States, Nutr. Rev. 77 (4) (2019) 197-215,
https://doi.org/10.1093/nutrit/nuy073.

W. Willett, J. Rockstrom, B. Loken, M. Springmann, T. Lang,

S. Vermeulen, et al., Food in the Anthropocene: the EAT-Lancet
Commission on healthy diets from sustainable food systems, Lancet
393 (10170) (2019) 447-492, https://doi.org/10.1016/50140-
6736(18)31788-4.

J. Gibbs, F.P. Cappuccio, Plant-based dietary patterns for human and
planetary health, Nutrients 14 (8) (2022) 1614, https://doi.org/
10.3390/nul14081614.

M.E. Nelson, M.W. Hamm, F.B. Hu, S.A. Abrams, T.S. Griffin,
Alignment of healthy dietary patterns and environmental
sustainability: a systematic review, Adv. Nutr. 7 (6) (2016)
1005-1025, https://doi.org/10.3945/an.116.012567.

M.K. Hoy, T. Murayi, A.J. Moshfegh, Diet quality and food intakes
among US adults by level of animal protein intake, What We Eat in
America, NHANES 2015-2018, Curr. Dev. Nutr. 6 (5) (2022), nzac035,
https://doi.org/10.1093/cdn/nzac035.

M. Salomé, E. de Gavelle, A. Dufour, C. Dubuisson, J.L. Volatier,

H. Fouillet, et al., Plant-protein diversity is critical to ensuring the
nutritional adequacy of diets when replacing animal with plant
protein: observed and modeled diets of French adults (INCA3), J. Nutr.
150 (3) (2020) 536-545, https://doi.org/10.1093/jn/nxz252.

J. Halkjaer, A. Olsen, L.J. Bjerregaard, G. Deharveng, A. Tjgnneland,
A.A. Welch, et al., Intake of total, animal and plant proteins, and their
food sources in 10 countries in the European Prospective Investigation
into Cancer and Nutrition, Eur. J. Clin. Nutr. 63 (Suppl 4) (2009)
S16-S36, https://doi.org/10.1038/ejcn.2009.73.

M. Tharrey, F. Mariotti, A. Mashchak, P. Barbillon, M. Delattre,

J.F. Huneau, et al., Patterns of amino acid intake are strongly
associated with cardiovascular mortality, independently of the sources
of protein, Int. J. Epidemiol. 49 (1) (2020) 312-321, https://doi.org/
10.1093/ije/dyz194.

Z. Shan, C.D. Rehm, G. Rogers, M. Ruan, D.D. Wang, F.B. Hu, et al.,
Trends in dietary carbohydrate, protein, and fat intake and diet quality
among US adults, JAMA 322 (12) (2019) 1178-1187, https://doi.org/
10.1001/jama.2019.13771, 1999-2016.

E. Perraud, J. Wang, M. Salomé, F. Mariotti, E. Kesse-Guyot, Dietary
protein consumption profiles show contrasting impacts on
environmental and health indicators, Sci. Total Environ. 856 (1)
(2023), 159052, https://doi.org/10.1016/j.scitotenv.2022.159052.

F. Mariotti, J.F. Huneau, Plant and animal protein intakes are
differentially associated with large clusters of nutrient intake that may
explain part of their complex relation with CVD risk, Adv. Nutr. 7 (3)
(2016) 559-560, https://doi.org/10.3945/an.115.011932.

Health Canada, Ottawa: Canada’s Food Guide. Healthy eating
recommendations [Internet]. Available from: https://food-guide


https://doi.org/10.3322/caac.21591
https://apps.who.int/iris/bitstream/handle/10665/68395/WHO_NMH_NPH_NNP_0308.pdf
https://apps.who.int/iris/bitstream/handle/10665/68395/WHO_NMH_NPH_NNP_0308.pdf
https://doi.org/10.1161/01.cir.100.4.450
https://doi.org/10.1094/CFW-65-3-0029
https://doi.org/10.1016/j.jada.2008.08.007
https://doi.org/10.1093/ije/dyw319
https://doi.org/10.3390/nu12123756
https://doi.org/10.1136/bmj.i2716
https://doi.org/10.1136/bmj.i2716
https://doi.org/10.1093/ajcn/nqx082
https://doi.org/10.1002/14651858.cd003177.pub4
https://doi.org/10.1002/14651858.cd003177.pub4
https://doi.org/10.1136/bmj.m4141
https://doi.org/10.1136/bmj.m2412
https://doi.org/10.1093/nutrit/nuy073
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.3390/nu14081614
https://doi.org/10.3390/nu14081614
https://doi.org/10.3945/an.116.012567
https://doi.org/10.1093/cdn/nzac035
https://doi.org/10.1093/jn/nxz252
https://doi.org/10.1038/ejcn.2009.73
https://doi.org/10.1093/ije/dyz194
https://doi.org/10.1093/ije/dyz194
https://doi.org/10.1001/jama.2019.13771
https://doi.org/10.1001/jama.2019.13771
https://doi.org/10.1016/j.scitotenv.2022.159052
https://doi.org/10.3945/an.115.011932
https://food-guide.canada.ca/en/healthy-eating-recommendations/

M. Messina et al.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

.canada.ca/en/healthy-eating-recommendations/. (Accessed 4
December 2022).

A.C. Grasso, M.R. Olthof, C. van Dooren, R. Broekema, M. Visser,
L.A. Brouwer, Protein for a healthy future: how to increase protein
intake in an environmentally sustainable way in older adults in the
Netherlands, J. Nutr. 151 (1) (2021) 109-119, https://doi.org/
10.1093/jn/nxaa322.

T. Kwasny, K. Dobernig, P. Riefler, Towards reduced meat
consumption: a systematic literature review of intervention
effectiveness, Appetite 168 (2022), 105739, https://doi.org/10.1016/
j-appet.2021.105739, 2001-2019.

F. Leroy, F. Abraini, T. Beal, P. Dominguez-Salas, P. Gregorini,

P. Manzano, et al., Animal board invited review: animal source foods
in healthy, sustainable, and ethical diets - an argument against drastic
limitation of livestock in the food system, Animal 16 (3) (2022),
100457, https://doi.org/10.1016/j.animal.2022.100457.

G. Paslakis, C. Richardson, M. Nohre, E. Brahler, C. Holzapfel,

A. Hilbert, et al., Prevalence and psychopathology of vegetarians and
vegans - results from a representative survey in Germany, Sci. Rep. 10
(1) (2020) 6840, https://doi.org/10.1038/5s41598-020-63910-y.

V. Melina, W. Craig, S. Levin, Position of the Academy of Nutrition and
Dietetics: vegetarian diets, J. Acad. Nutr. Diet. 116 (12) (2016)
1970-1980, https://doi.org/10.1016/j.jand.2016.09.025.

C.J. Bryant, We can’t keep meating like this: attitudes towards
vegetarian and vegan diets in the United Kingdom, Sustainability 11
(23) (2019) 6844, https://doi.org/10.3390/sul1236844.

R.A. Neff, D. Edwards, A. Palmer, R. Ramsing, A. Righter, J. Wolfson,
Reducing meat consumption in the USA: a nationally representative
survey of attitudes and behaviours, Public Health Nutr 21 (10) (2018)
1835-1844, https://doi.org/10.1017/51368980017004190.
OpinionWay — Good Food Institute, Meat consumption and attitudes
towards sustainable proteins in Europe, 2022. Available from: https
://gfieurope.org/wp-content/uploads/2022/09/Meat-consumption
-and-attitudes-to-sustainable-proteins-in-Europe.pdf.

E. de Gavelle, O. Davidenko, H. Fouillet, J. Delarue, N. Darcel,

J.F. Huneau, et al., Self-declared attitudes and beliefs regarding
protein sources are a good prediction of the degree of transition to a
low-meat diet in France, Appetite 142 (2019), 104345, https://
doi.org/10.1016/j.appet.2019.104345.

S. Stoll-Kleemann, U.J. Schmidt, Reducing meat consumption in
developed and transition countries to counter climate change and
biodiversity loss: a review of influence factors, Reg. Environ. Change
17 (5) (2017) 1261-1277, https://doi.org/10.1007/s10113-016-
1057-5.

F. Nungesser, M. Winter, Meat and social change: sociological
perspectives on the consumption and production of animals, OZS
Osterr. Z. Soziol. 46 (2) (2021) 109-124, https://doi.org/10.1007/
5s11614-021-00453-0.

S.M. Hargreaves, A. Raposo, A. Saraiva, R.P. Zandonadi, Vegetarian
diet: an overview through the perspective of quality of life domains,
Int. J. Environ. Res. Public Health 18 (8) (2021) 4067, https://
doi.org/10.3390/ijerph18084067.

J. Sobal, Men, meat, and marriage: models of masculinity, Food Foodw
13 (1-2) (2005) 135-158, https://doi.org/10.1080/
07409710590915409.

A. Gastaldello, F. Giampieri, R. de Giuseppe, G. Grosso, L. Baroni,

M. Battino, The rise of processed meat alternatives: a narrative review
of the manufacturing, composition, nutritional profile and health
effects of newer sources of protein, and their place in healthier diets,
Trends Food Sci. Technol. 127 (2022) 263-271, https://doi.org/
10.1016/j.tifs.2022.07.005.

A. O’Connor, Fake meat vs real meat [Internet], 2020. Available from:
https://www.nytimes.com/2019/12/03/well/eat/fake-meat-vs-real-
meat.html.

C. Pointing, Meat substitutes help people transition to a vegan diet,
says PCRM researcher. [Internet]. Available from: https://www.live
kindly.com/meat-substitutes-help-people-transition-to-a-vegan-diet-sa
ys-pcrm-researcher/.

B. Romao, R.B.A. Botelho, E.Y. Nakano, A. Raposo, H. Han, A. Vega-
Munoz, et al., Are vegan alternatives to meat products healthy? A
study on nutrients and main ingredients of products commercialized in
Brazil, Front Public Health 10 (2022), 900598, https://doi.org/
10.3389/fpubh.2022.900598.

Faunalytics, How many former vegetarians and vegans are there?
[Internet], 2014. Available from: https://faunalytics.org/how-many-f
ormer-vegetarians-and-vegans-are-there/.

401

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Advances in Nutrition 14 (2023) 392-405

R.M. Chiles, A.J. Fitzgerald, Why is meat so important in Western
history and culture? A genealogical critique of biophysical and
political-economic explanations, Agric. Hum. Values 35 (1) (2018)
1-17, https://doi.org/10.1007/s10460-017-9787-7.

R. Tso, C.G. Forde, Unintended consequences: nutritional impact and
potential pitfalls of switching from animal- to plant-based foods,
Nutrients 13 (8) (2021) 2527, https://doi.org/10.3390/nu13082527.
F.B. Hu, B.O. Otis, G. McCarthy, Can plant-based meat alternatives be
part of a healthy and sustainable diet? JAMA 322 (16) (2019)
1547-1548, https://doi.org/10.1001/jama.2019.13187.

A.L. Klapp, N. Feil, A. Risius, A global analysis of national dietary
guidelines on plant-based diets and substitutions for animal-based
foods, Curr. Dev. Nutr. 6 (11) (2022), https://doi.org/10.1093/cdn/
nzacl44 nzacl44.

Canada’s Food Guide, Eat Protein Foods [Internet]. Available from: htt
ps://food-guide.canada.ca/en/healthy-eating-recommendations/ma
ke-it-a-habit-to-eat-vegetables-fruit-whole-grains-and-protein-foo
ds/eat-protein-foods/. (Accessed 3 December 2022).

N.W. Smith, A.J. Fletcher, J.P. Hill, W.C. McNabb, Modeling the
contribution of meat to global nutrient availability, Front. Nutr. 9
(2022), 766796, https://doi.org/10.3389/fnut.2022.766796.

C. Cocking, J. Walton, L. Kehoe, K.D. Cashman, A. Flynn, The role of
meat in the European diet: current state of knowledge on dietary
recommendations, intakes and contribution to energy and nutrient
intakes and status, Nutr. Res. Rev. 33 (2) (2020) 181-189, https://
doi.org/10.1017/50954422419000295.

S. Agarwal, V.L. Fulgoni 3rd, Contribution of beef to key nutrient
intakes in American adults: an updated analysis with NHANES 2011-
2018, Nutr. Res. 105 (2022) 105-112, https://doi.org/10.1016/
j-nutres.2022.06.009.

A. Dussiot, H. Fouillet, E. Perraud, M. Salome, J.F. Huneau, E. Kesse-
Guyot, et al., Nutritional issues and dietary levers during gradual meat
reduction - a sequential diet optimization study to achieve
progressively healthier diets, Clin. Nutr. 41 (12) (2022) 2597-2606,
https://doi.org/10.1016/j.cInu.2022.09.017.

F. Vieux, D. Rémond, J.L. Peyraud, N. Darmon, Approximately half of
total protein intake by adults must be animal-based to meet non-
protein, nutrient-based recommendations, with variations due to age
and sex, J. Nutr. 152 (11) (2022) 2514-2525, https://doi.org/
10.1093/jn/nxac150.

F. Mariotti, J.F. Huneau, H. Fouillet, No nutritional lessons can be
learned from a misspecified and overrestricted model with no
sensitivity analysis, J. Nutr. Published online February 26, 2023, http
s://doi.org/10.1016/j.tjnut.2022.12.021.

H. Fouillet, A. Dussiot, E. Perraud, J. Wang, E. Kesse-Guyot, F.
Mariotti, Plant to animal protein ratio in the diet: nutrient adequacy,
long-term health and environmental pressure. medRxiv. Published
online February 22, 2023, https://doi.org/10.1101/2022.05.20
.22275349.

J.L. Lusk, D. Blaustein-Rejto, S. Shah, G.T. Tonsor, Impact of plant-
based meat alternatives on cattle inventories and greenhouse gas
emissions, Environ. Res. Lett. 17 (2022), 024035, https://doi.org/
10.1088/1748-9326/ac4fda.

H.P.S. Makkar, Feed demand landscape and implications of food-not
feed strategy for food security and climate change, Animal 12 (8)
(2018) 1744-1754, https://doi.org/10.1017/5175173111700324X.
S. Khan, C. Loyola, J. Dettling, J. Hester, R. Moses, Comparative
environmental LCA of the Impossible burger with conventional ground
beef burger, 2019 [Internet]. Available from, https://assets.ctfassets.
net/hhv516v5{7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee
80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf.
(Accessed 15 January 2021).

Quantis USA, A comparative life cycle assessment of plant-based foods
and meat foods. Assessing the environmental benefits of plant-based
dietary choices through: a comparison of meal choices, and a
comparison of meat products and MorningStar Farms veggie products
[Internet], 2016. Available from: https://assets.ctfassets.net/hhv516v
5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e
430012ec56/Impossible_foods_comparative_LCA.pdf.

A. Detzel, M. Kriiger, M. Busch, I. Blanco-Gutierrez, C. Varela,

R. Manners, et al., Life cycle assessment of animal-based foods and
plant-based protein-rich alternatives: an environmental perspective,
J. Sci. Food Agric. 102 (12) (2022) 5098-5110, https://doi.org/
10.1002/jsfa.11417.

H. Markel, John Harvey Kellogg and the pursuit of wellness, JAMA 305
(17) (2011) 1814-1815, https://doi.org/10.1001/jama.2011.557.


https://food-guide.canada.ca/en/healthy-eating-recommendations/
https://doi.org/10.1093/jn/nxaa322
https://doi.org/10.1093/jn/nxaa322
https://doi.org/10.1016/j.appet.2021.105739
https://doi.org/10.1016/j.appet.2021.105739
https://doi.org/10.1016/j.animal.2022.100457
https://doi.org/10.1038/s41598-020-63910-y
https://doi.org/10.1016/j.jand.2016.09.025
https://doi.org/10.3390/su11236844
https://doi.org/10.1017/S1368980017004190
https://gfieurope.org/wp-content/uploads/2022/09/Meat-consumption-and-attitudes-to-sustainable-proteins-in-Europe.pdf
https://gfieurope.org/wp-content/uploads/2022/09/Meat-consumption-and-attitudes-to-sustainable-proteins-in-Europe.pdf
https://gfieurope.org/wp-content/uploads/2022/09/Meat-consumption-and-attitudes-to-sustainable-proteins-in-Europe.pdf
https://doi.org/10.1016/j.appet.2019.104345
https://doi.org/10.1016/j.appet.2019.104345
https://doi.org/10.1007/s10113-016-1057-5
https://doi.org/10.1007/s10113-016-1057-5
https://doi.org/10.1007/s11614-021-00453-0
https://doi.org/10.1007/s11614-021-00453-0
https://doi.org/10.3390/ijerph18084067
https://doi.org/10.3390/ijerph18084067
https://doi.org/10.1080/07409710590915409
https://doi.org/10.1080/07409710590915409
https://doi.org/10.1016/j.tifs.2022.07.005
https://doi.org/10.1016/j.tifs.2022.07.005
https://www.nytimes.com/2019/12/03/well/eat/fake-meat-vs-real-meat.html
https://www.nytimes.com/2019/12/03/well/eat/fake-meat-vs-real-meat.html
https://www.livekindly.com/meat-substitutes-help-people-transition-to-a-vegan-diet-says-pcrm-researcher/
https://www.livekindly.com/meat-substitutes-help-people-transition-to-a-vegan-diet-says-pcrm-researcher/
https://www.livekindly.com/meat-substitutes-help-people-transition-to-a-vegan-diet-says-pcrm-researcher/
https://doi.org/10.3389/fpubh.2022.900598
https://doi.org/10.3389/fpubh.2022.900598
https://faunalytics.org/how-many-former-vegetarians-and-vegans-are-there/
https://faunalytics.org/how-many-former-vegetarians-and-vegans-are-there/
https://doi.org/10.1007/s10460-017-9787-7
https://doi.org/10.3390/nu13082527
https://doi.org/10.1001/jama.2019.13187
https://doi.org/10.1093/cdn/nzac144
https://doi.org/10.1093/cdn/nzac144
https://food-guide.canada.ca/en/healthy-eating-recommendations/make-it-a-habit-to-eat-vegetables-fruit-whole-grains-and-protein-foods/eat-protein-foods/
https://food-guide.canada.ca/en/healthy-eating-recommendations/make-it-a-habit-to-eat-vegetables-fruit-whole-grains-and-protein-foods/eat-protein-foods/
https://food-guide.canada.ca/en/healthy-eating-recommendations/make-it-a-habit-to-eat-vegetables-fruit-whole-grains-and-protein-foods/eat-protein-foods/
https://food-guide.canada.ca/en/healthy-eating-recommendations/make-it-a-habit-to-eat-vegetables-fruit-whole-grains-and-protein-foods/eat-protein-foods/
https://doi.org/10.3389/fnut.2022.766796
https://doi.org/10.1017/S0954422419000295
https://doi.org/10.1017/S0954422419000295
https://doi.org/10.1016/j.nutres.2022.06.009
https://doi.org/10.1016/j.nutres.2022.06.009
https://doi.org/10.1016/j.clnu.2022.09.017
https://doi.org/10.1093/jn/nxac150
https://doi.org/10.1093/jn/nxac150
https://doi.org/10.1016/j.tjnut.2022.12.021
https://doi.org/10.1016/j.tjnut.2022.12.021
https://doi.org/10.1101/2022.05.20.22275349
https://doi.org/10.1101/2022.05.20.22275349
https://doi.org/10.1088/1748-9326/ac4fda
https://doi.org/10.1088/1748-9326/ac4fda
https://doi.org/10.1017/S175173111700324X
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://assets.ctfassets.net/hhv516v5f7sj/4exF7Ex74UoYku640WSF3t/cc213b148ee80fa2d8062e430012ec56/Impossible_foods_comparative_LCA.pdf
https://doi.org/10.1002/jsfa.11417
https://doi.org/10.1002/jsfa.11417
https://doi.org/10.1001/jama.2011.557

M. Messina et al.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]
[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

N. Pantry, The fascinating history of meat alternatives—and why
they’re not “unnatural [Internet], 2020. Available from: https://www.
peacefuldumpling.com/history-of-meat-alternatives.

M. Tziva, S.O. Negro, A. Kalfagianni, M.P. Hekkert, Understanding the
protein transition: the rise of plant-based meat substitutes, Environ.
Innov. Soc. Transit. 35 (2020) 217-231, https://doi.org/10.1016/
j-eist.2019.09.004.

P.J. Woolf, L.L. Fu, A. Basu, vProtein: identifying optimal amino acid
complements from plant-based foods, PLOS ONE 6 (4) (2011),
e18836, https://doi.org/10.1371/journal.pone.0018836.

M. Rafii, P.B. Pencharz, R.O. Ball, C. Tomlinson, R. Elango,

G. Courtney-Martin, Bioavailable methionine assessed using the
indicator amino acid oxidation method is greater when cooked
chickpeas and steamed rice are combined in healthy young men,

J. Nutr. 150 (7) (2020) 1834-1844, https://doi.org/10.1093/jn/
nxaa086.

P.N. Muoki, H.L. de Kock, M.N. Emmambux, Effect of soy flour
addition and heat-processing method on nutritional quality and
consumer acceptability of cassava complementary porridges, J. Sci.
Food Agric. 92 (8) (2012) 1771-1779, https://doi.org/10.1002/
jsfa.5545.

L. Dimina, D. Rémond, J.F. Huneau, F. Mariotti, Combining plant
proteins to achieve amino acid profiles adapted to various nutritional
objectives-an exploratory analysis using linear programming, Front
Nutr 8 (2021), 809685, https://doi.org/10.3389/fnut.2021.809685.
E.J. Derbyshire, Flexitarian diets and health: a review of the evidence-
based literature, Front. Nutr. 3 (2016) 55, https://doi.org/10.3389/
fnut.2016.00055.

G. Rizzo, L. Baroni, Soy, soy foods and their role in vegetarian diets,
Nutrients 10 (1) (2018) 43, https://doi.org/10.3390/nu10010043.
M. Messina, V. Messina, The role of soy in vegetarian diets, Nutrients 2
(8) (2010) 855-888, https://doi.org/10.3390/nu2080855.

M.A. Hull, Veggie burgers, J. Ren. Nutr. 23 (5) (2013) €99-e100,
https://doi.org/10.1053/j.jrn.2013.06.004.

M. Lima, R. Costa, I. Rodrigues, J. Lameiras, G. Botelho, A narrative
review of alternative protein sources: highlights on meat, fish, egg and
dairy analogues, Foods 11 (14) (2022), https://doi.org/10.3390/
foods11142053, 2053.

B.L. Dekkers, R.M. Boom, A.J. van der Goot, Structuring processes for
meat analogues, Trends Food Sci. Technol. 81 (2018) 25-36, https://
doi.org/10.1016/j.tifs.2018.08.011.

P. Pohjolainen, M. Vinnari, P. Jokinen, Consumers’ perceived barriers
to following a plant-based diet, Br. Food J. 117 (3) (2015) 1150-1167,
https://doi.org/10.1108/BFJ-09-2013-0252.

J. Szenderak, D. Fréna, M. Rakos, Consumer acceptance of plant-based
meat substitutes: a narrative review, Foods 11 (9) (2022) 1274,
https://doi.org/10.3390/foods11091274.

F. Michel, C. Hartman, M. Siegrist, Consumers’ associations,
perceptions and acceptance of meat and plant-based meat alternatives,
Food Qual. Prefer. 87 (2021), 104063, https://doi.org/10.1016/
j.foodqual.2020.104063.

E. Cole, N. Goeler-Slough, A. Cox, A. Nolden, Examination of the
nutritional composition of alternative beef burgers available in the
United States, Int. J. Food Sci. Nutr. 73 (4) (2022) 425-432, https://
doi.org/10.1080/09637486.2021.2010035.

J. He, N.M. Evans, H. Liu, S. Shao, A review of research on plant-based
meat alternatives: driving forces, history, manufacturing, and
consumer attitudes, Compr. Rev. Food Sci. Food Saf. 19 (5) (2020)
2639-2656, https://doi.org/10.1111/1541-4337.12610.

K.U.T. Szejda, W. Matti, Accelerating consumer adoption of plant-
based meat: an evidence-based guide for effective practice [Internet],
2020. Available from: https://gfi.org/images/uploads/2020/02/NO-
HYPERLINKED-REFERENCES-FINAL-COMBINED-accelerating-cons
umer-adoption-of-plant-based-meat.pdf.

Z.T. Neuhofer, J.L. Lusk, Most plant-based meat alternative buyers also
buy meat: an analysis of household demographics, habit formation,
and buying behavior among meat alternative buyers, Sci. Rep. 12 (1)
(2022), 13062, https://doi.org/10.1038/s41598-022-16996-5.

R. Alessandrini, M.K. Brown, S. Pombo-Rodrigues, S. Bhageerutty,
F.J. He, G.A. MacGregor, Nutritional quality of plant-based meat
products available in the UK: a cross-sectional survey, Nutrients 13
(12) (2021) 4225, https://doi.org/10.3390/nul3124225.

M. Pointke, E. Pawelzik, Plant-based alternative products: are they
healthy alternatives? Micro- and macronutrients and nutritional
scoring, Nutrients 14 (3) (2022) 601, https://doi.org/10.3390/
nul4030601.

402

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

Advances in Nutrition 14 (2023) 392-405

L. Harnack, S. Mork, S. Valluri, C. Weber, K. Schmitz, J. Stevenson, et
al., Nutrient composition of a selection of plant-based ground beef
alternative products available in the United States, J. Acad. Nutr. Diet
121 (12) (2021) 2401-2408.e12, https://doi.org/10.1016/
j.jand.2021.05.002.

S. Bryngelsson, H. Moshtaghian, M. Bianchi, E. Hallstrom, Nutritional
assessment of plant-based meat analogues on the Swedish market, Int.
J. Food Sci. Nutr. 73 (7) (2022) 889-901, https://doi.org/10.1080/
09637486.2022.2078286.

F. Boukid, Plant-based meat analogues: from niche to mainstream, Eur.
Food Res. Technol. 247 (2) (2021) 297-308, https://doi.org/10.1007/
s00217-020-03630-9.

A.C. Grasso, Y. Hung, M.R. Olthof, W. Verbeke, L.A. Brouwer, Older
consumers’ readiness to accept alternative, more sustainable protein
sources in the European Union, Nutrients 11 (8) (2019) 1904, https://
doi.org/10.3390/nu11081904.

A. Parodi, A. Leip, I.J.M. De Boer, P.M. Slegers, F. Ziegler,

E.H.M. Temme, et al., The potential of future foods for sustainable and
healthy diets, Nat. Sustain. 1 (12) (2018) 782-789, https://doi.org/
10.1038/s41893-018-0189-7.

M. Salomé, J.F. Huneau, C. Le Baron, E. Kesse-Guyot, H. Fouillet,

F. Mariotti, Substituting meat or dairy products with plant-based
substitutes has small and heterogeneous effects on diet quality

and nutrient security: a simulation study in French adults (INCA3),
J. Nutr. 151 (8) (2021) 2435-2445, https://doi.org/10.1093/jn/
nxab146.

S.M. Pasiakos, S. Agarwal, H.R. Lieberman, V.L. Fulgoni 3rd, Sources
and amounts of animal, dairy, and plant protein Intake of US adults in
2007-2010, Nutrients 7 (8) (2015) 7058-7069, https://doi.org/
10.3390/nu7085322.

D. Grigg, The pattern of world protein consumption, Geoforum 26 (1)
(1995) 1-17, https://doi.org/10.1016/0016-7185(94)00020-8.

Daily per capita protein supply, Our World in Data, 2017. https://
ourworldindata.org/grapher/daily-per-capita-protein-supply.

W.A. Gortner, Nutrition in the United States, 1900 to 1974, Cancer Res
35 (11 Pt. 2) (1975) 3246-3253.

M. Samtiya, R.E. Aluko, T. Dhewa, J.M. Moreno-Rojas, Potential
health benefits of plant food-derived bioactive components: an
overview, Foods 10 (4) (2021) 839, https://doi.org/10.3390/
foods10040839.

D. Dhingra, M. Michael, H. Rajput, R.T. Patil, Dietary fibre in foods: a
review, J. Food Sci Technol. 49 (3) (2012) 255-266, https://doi.org/
10.1007/s13197-011-0365-5.

K. Papier, A. Knuppel, N. Syam, S.A. Jebb, T.J. Key, Meat consumption
and risk of ischemic heart disease: a systematic review and meta-
analysis, Crit. Rev. Food Sci. Nutr. 63 (3) (2023) 426-437, https://
doi.org/10.1080,/10408398.2021.1949575.

B.C. Johnston, D. Zeraatkar, M.A. Han, R.W.M. Vernooij, C. Valli,
R. El Dib, et al., Unprocessed red meat and processed meat
consumption: dietary guideline recommendations from the
Nutritional Recommendations (NutriRECS) Consortium, Ann. Intern.
Med. 171 (10) (2019) 756-764, https://doi.org/10.7326,/M19-
1621.

Y. Li, A. Hruby, A.M. Bernstein, S.H. Ley, D.D. Wang, S.E. Chiuve, et
al., Saturated fats compared with unsaturated fats and sources of
carbohydrates in relation to risk of coronary heart disease: a
prospective cohort study, J. Am. Coll. Cardiol. 66 (14) (2015)
1538-1548, https://doi.org/10.1016/j.jacc.2015.07.055.

A. Astrup, N. Teicholz, F. Magkos, D.M. Bier, J.T. Brenna, J.C. King, et
al., Dietary saturated fats and health: are the U.S. guidelines evidence-
based? Nutrients 13 (10) (2021) 3305, https://doi.org/10.3390/
nul3103305.

L. Day, J.A. Cakebread, S.M. Loveday, Food proteins from animals and
plants: differences in the nutritional and functional properties, Trends
Food Sci. Technol. 119 (2022) 428-442, https://doi.org/10.1016/
j-tifs.2021.12.020.

S.H.M. Gorissen, J.J.R. Crombag, J.M.G. Senden, W.A.H. Waterval,

J. Bierau, L.B. Verdijk, et al., Protein content and amino acid
composition of commercially available plant-based protein isolates,
Amino Acids 50 (12) (2018) 1685-1695, https://doi.org/10.1007/
s00726-018-2640-5.

F. Mariotti, Animal and plant protein sources and cardiometabolic
health, Adv. Nutr. 10 (Suppl_4) (2019) S351-S366, https://doi.org/
10.1093/advances/nmy110.

C.L. Green, D.W. Lamming, L. Fontana, Molecular mechanisms of
dietary restriction promoting health and longevity, Nat. Rev. Mol. Cell


https://www.peacefuldumpling.com/history-of-meat-alternatives
https://www.peacefuldumpling.com/history-of-meat-alternatives
https://doi.org/10.1016/j.eist.2019.09.004
https://doi.org/10.1016/j.eist.2019.09.004
https://doi.org/10.1371/journal.pone.0018836
https://doi.org/10.1093/jn/nxaa086
https://doi.org/10.1093/jn/nxaa086
https://doi.org/10.1002/jsfa.5545
https://doi.org/10.1002/jsfa.5545
https://doi.org/10.3389/fnut.2021.809685
https://doi.org/10.3389/fnut.2016.00055
https://doi.org/10.3389/fnut.2016.00055
https://doi.org/10.3390/nu10010043
https://doi.org/10.3390/nu2080855
https://doi.org/10.1053/j.jrn.2013.06.004
https://doi.org/10.3390/foods11142053
https://doi.org/10.3390/foods11142053
https://doi.org/10.1016/j.tifs.2018.08.011
https://doi.org/10.1016/j.tifs.2018.08.011
https://doi.org/10.1108/BFJ-09-2013-0252
https://doi.org/10.3390/foods11091274
https://doi.org/10.1016/j.foodqual.2020.104063
https://doi.org/10.1016/j.foodqual.2020.104063
https://doi.org/10.1080/09637486.2021.2010035
https://doi.org/10.1080/09637486.2021.2010035
https://doi.org/10.1111/1541-4337.12610
https://gfi.org/images/uploads/2020/02/NO-HYPERLINKED-REFERENCES-FINAL-COMBINED-accelerating-consumer-adoption-of-plant-based-meat.pdf
https://gfi.org/images/uploads/2020/02/NO-HYPERLINKED-REFERENCES-FINAL-COMBINED-accelerating-consumer-adoption-of-plant-based-meat.pdf
https://gfi.org/images/uploads/2020/02/NO-HYPERLINKED-REFERENCES-FINAL-COMBINED-accelerating-consumer-adoption-of-plant-based-meat.pdf
https://doi.org/10.1038/s41598-022-16996-5
https://doi.org/10.3390/nu13124225
https://doi.org/10.3390/nu14030601
https://doi.org/10.3390/nu14030601
https://doi.org/10.1016/j.jand.2021.05.002
https://doi.org/10.1016/j.jand.2021.05.002
https://doi.org/10.1080/09637486.2022.2078286
https://doi.org/10.1080/09637486.2022.2078286
https://doi.org/10.1007/s00217-020-03630-9
https://doi.org/10.1007/s00217-020-03630-9
https://doi.org/10.3390/nu11081904
https://doi.org/10.3390/nu11081904
https://doi.org/10.1038/s41893-018-0189-7
https://doi.org/10.1038/s41893-018-0189-7
https://doi.org/10.1093/jn/nxab146
https://doi.org/10.1093/jn/nxab146
https://doi.org/10.3390/nu7085322
https://doi.org/10.3390/nu7085322
https://doi.org/10.1016/0016-7185(94)00020-8
https://ourworldindata.org/grapher/daily-per-capita-protein-supply
https://ourworldindata.org/grapher/daily-per-capita-protein-supply
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref91
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref91
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref91
https://doi.org/10.3390/foods10040839
https://doi.org/10.3390/foods10040839
https://doi.org/10.1007/s13197-011-0365-5
https://doi.org/10.1007/s13197-011-0365-5
https://doi.org/10.1080/10408398.2021.1949575
https://doi.org/10.1080/10408398.2021.1949575
https://doi.org/10.7326/M19-1621
https://doi.org/10.7326/M19-1621
https://doi.org/10.1016/j.jacc.2015.07.055
https://doi.org/10.3390/nu13103305
https://doi.org/10.3390/nu13103305
https://doi.org/10.1016/j.tifs.2021.12.020
https://doi.org/10.1016/j.tifs.2021.12.020
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1007/s00726-018-2640-5
https://doi.org/10.1093/advances/nmy110
https://doi.org/10.1093/advances/nmy110

M. Messina et al.

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Biol. 23 (1) (2022) 56-73, https://doi.org/10.1038/541580-021-
00411-4.

M. Lopez-Moreno, M. Garcés-Rimén, M. Miguel, Antinutrients: lectins,
goitrogens, phytates and oxalates, friends or foe? J. Funct. Foods 89
(2022), 104938 https://doi.org/10.1016/].jff.2022.104938.

W. Petroski, D.M. Minich, Is there such a thing as “anti-nutrients”? A
narrative review of perceived problematic plant compounds, Nutrients
12 (10) (2020) 2929, https://doi.org/10.3390/nu12102929.

J.L. Lv, Q.J. Wu, X.Y. Li, C. Gao, M.Z. Xu, J. Yang, et al., Dietary
protein and multiple health outcomes: an umbrella review of
systematic reviews and meta-analyses of observational studies, Clin.
Nutr. 41 (8) (2022) 1759-1769, https://doi.org/10.1016/
j.clnu.2022.06.005.

X.X. Qi, P. Shen, Associations of dietary protein intake with all-
cause, cardiovascular disease, and cancer mortality: a systematic
review and meta-analysis of cohort studies, Nutr. Metab. Cardiovasc.
Dis. 30 (7) (2020) 1094-1105, https://doi.org/10.1016/
j.numecd.2020.03.008.

D.R. Bakaloudi, A. Halloran, H.L. Rippin, A.C. Oikonomidou,

T.I. Dardavesis, J. Williams, et al., Intake and adequacy of the vegan
diet. A systematic review of the evidence, Clin. Nutr. 40 (5) (2021)
3503-3521, https://doi.org/10.1016/j.cInu.2020.11.035.

P.J.M. Pinckaers, J. Trommelen, T. Snijders, L.J.C. van Loon, The
anabolic response to plant-based protein ingestion, Sports Med 51
(Suppl 1) (2021) 59-74, https://doi.org/10.1007/s40279-021-01540-
8

S.M. Rutherfurd, A.C. Fanning, B.J. Miller, P.J. Moughan, Protein
digestibility-corrected amino acid scores and digestible indispensable
amino acid scores differentially describe protein quality in growing
male rats, J. Nutr. 145 (2) (2015) 372-379, https://doi.org/10.3945/
jn.114.195438.

J.K. Mathai, Y. Liu, H.H. Stein, Values for digestible indispensable
amino acid scores (DIAAS) for some dairy and plant proteins may
better describe protein quality than values calculated using the
concept for protein digestibility-corrected amino acid scores
(PDCAAS), Br. J. Nutr. 117 (4) (2017) 490-499, https://doi.org/
10.1017/50007114517000125.

G.J. Hughes, D.J. Ryan, R. Mukherjea, C.S. Schasteen, Protein
digestibility-corrected amino acid scores (PDCAAS) for soy

protein isolates and concentrate: criteria for evaluation, J. Agric. Food
Chem. 59 (23) (2011) 12707-12712, https://doi.org/10.1021/
jf203220v.

F. Mariotti, Plant protein, animal protein, and protein quality, in
Vegetarian and plant-based diets in health and disease prevention, in:
F. Mariotti (Ed.), Vegetarian and Plant-Based Diets in Health and
Disease Prevention, Academic Press, Cambridge, MA, 2017,

pp. 621-642.

J. Domi¢, P. Grootswagers, L.J.C. van Loon, L.C.P.G.M. de Groot,
Perspective: vegan diets for older adults? A perspective on the
potential impact on muscle mass and strength, Adv. Nutr. 13 (3)
(2022) 712-725, https://doi.org/10.1093/advances/nmac009.

R. Mangels, V. Messina, M. Messina, The dietitian’s guide to
vegetarian diets, 3rd ed., Jones and Bartlett, Burlington, MA, 2011.
C. Ciuris, H.M. Lynch, C. Wharton, C.S. Johnston, A comparison of
dietary protein digestibility, based on DIAAS scoring, in vegetarian
and non-vegetarian athletes, Nutrients 11 (12) (2019) 3016, https://
doi.org/10.3390/nul11123016.

F. Mariotti, C.D. Gardner, Dietary protein and amino acids in
vegetarian diets-a review, Nutrients 11 (11) (2019) 2661, https://
doi.org/10.3390/nul1112661.

G.S. Gilani, K.A. Cockell, E. Sepehr, Effects of antinutritional factors on
protein digestibility and amino acid availability in foods, J. AOAC Int.
88 (3) (2005) 967-987, https://doi.org/10.1093/jaoac/88.3.967.
Health Council of the Netherlands, Dietary reference intakes: energy,
proteins, fats and digestible carbohydrates, Health Council of the
Netherlands, The Hague, Netherlands, 2001.

D. Adam, How far will global population rise? Researchers can’t agree,
Nature 597 (7877) (2021) 462-465, https://doi.org/10.1038/
d41586-021-02522-6.

J. Porritt, M. McCarthy, The global protein challenge [Internet], 2017.
Available from: https://seabos.org/wp-content/uploads/2015/07/Br
ief2-Marine-protein.pdf.

M. Henchion, M. Hayes, A.M. Mullen, M. Fenelon, B. Tiwari, Future
protein supply and demand: strategies and factors influencing a
sustainable equilibrium, Foods 6 (7) (2017) 53, https://doi.org/
10.3390/foods6070053.

403

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

Advances in Nutrition 14 (2023) 392-405

H.R. Lieberman, V.L. Fulgoni, S. Agarwal, S.M. Pasiakos,

C.E. Berryman, Protein intake is more stable than carbohydrate or fat
intake across various US demographic groups and international
populations, Am. J. Clin. Nutr. 112 (1) (2020) 180-186, https://
doi.org/10.1093/ajcn/nqaa044.

R.R. Wolfe, A.M. Cifelli, G. Kostas, I.Y. Kim, Optimizing protein intake
in adults: interpretation and application of the recommended dietary
allowance compared with the acceptable macronutrient distribution
range, Adv. Nutr. 8 (2) (2017) 266-275, https://doi.org/10.3945/
an.116.013821.

J.M.G. Paris, T. Falkenberg, U. Nothlings, C. Heinzel, C. Borgemeister,
N. Escobar, Changing dietary patterns is necessary to improve the
sustainability of Western diets from a One Health perspective, Sci.
Total Environ. 811 (2022), 151437, https://doi.org/10.1016/
j.scitotenv.2021.151437.

M. Messina, Perspective: soybeans can help address the caloric and
protein needs of a growing global population, Front. Nutr. 9 (2022),
909464, https://doi.org/10.3389/fnut.2022.909464.

C. van der Weele, P. Feindt, A. Jan van der Goot, B. van Mierlo, M. van
Boekel, Meat alternatives: an integrative comparison, Trends Food Sci.
Technol. 88 (2019) 505-512, https://doi.org/10.1016/
j.tifs.2019.04.018.

M.C. Onwezen, E.P. Bouwman, M.J. Reinders, H. Dagevos,

A systematic review on consumer acceptance of alternative proteins:
pulses, algae, insects, plant-based meat alternatives, and cultured
meat, Appetite 159 (2021), 105058, https://doi.org/10.1016/
j-appet.2020.105058.

T. Calles, M. Xipsiti, R. del Castell, Legacy of the international year of
pulses, Environ. Earth Sci. 78 (5) (2019) 124, https://doi.org/
10.1007/s12665-019-8106-6.

F. Zhubi-Bakija, G. Bajraktari, I. Bytyci, D.P. Mikhailidis, M.Y. Henein,
G. Latkovskis, et al., The impact of type of dietary protein, animal
versus vegetable, in modifying cardiometabolic risk factors: a position
paper from the International Lipid Expert Panel (ILEP), Clin. Nutr. 40
(1) (2021) 255-276, https://doi.org/10.1016/j.clnu.2020.05.017.
A.P. Mullins, B.H. Arjmandi, Health benefits of plant-based nutrition:
focus on beans in cardiometabolic diseases, Nutrients 13 (2) (2021)
519, https://doi.org/10.3390/nu13020519.

N. Becerra-Tomas, C. Papandreou, J. Salas-Salvado, Legume
consumption and cardiometabolic health, Adv. Nutr. 10 (Suppl_4)
(2019) S437-S450, https://doi.org/10.1093/advances/nmz003.

A. Drewnowski, C.D. Rehm, Vegetable cost metrics show that potatoes
and beans provide most nutrients per penny, PLOS ONE 8 (5) (2013),
63277, https://doi.org/10.1371/journal.pone.0063277.

H. Harwatt, J. Sabaté, G. Eshel, S. Soret, W. Ripple, Substituting beans
for beef as a contribution toward US climate change targets, Clim.
Change 143 (2017) 261-270, https://doi.org/10.1007/s10584-017-
1969-1.

V. Rawal, D.K. Navarro, The global economy of pulses, Food and
Agriculture Association, Rome, Italy, 2019.

J. Melendrez-Ruiz, Q. Buatois, S. Chambaron, S. Monnery-Patris,

G. Arvisenet, French consumers know the benefits of pulses, but do not
choose them: an exploratory study combining indirect and direct
approaches, Appetite 141 (2019), 104311, https://doi.org/10.1016/
j-appet.2019.06.003.

A. Reuzé, C. Méjean, M. Carrere, L. Sirieix, N. Druesne-Pecollo,

S. Péneau, et al., Rebalancing meat and legume consumption: change-
inducing food choice motives and associated individual characteristics
in non-vegetarian adults, Int. J. Behav. Nutr. Phys. Act. 19 (1) (2022)
112, https://doi.org/10.1186/512966-022-01317-w.

HCSP, Avis relatif aux objectifs de santé publique quantifiés pour la
politique nutritionnelle de santé publique (PNNS) 2018-2022
[Internet], Haut Conseil de la santé publique (HCSP), Paris, 2018.
Available from: https://www.hcsp.fr/Explore.cgi/Telecharger?No
mFichier=hcspa20180209_avisrelaauxobjequanpourlapolinut.pdf.
ANSES OPINION of the French Agency for Food, Environmental and
Occupational Health & Safety, ANSES Opinion Request No 2017-SA-
014, 2019. https://www.anses.fr/en/system/files/NUT2017SA0
142EN.pdf.

C. Didinger, H.J. Thompson, Defining nutritional and functional
niches of legumes: a call for clarity to distinguish a future role for
pulses in the Dietary Guidelines for Americans, Nutrients 13 (4)
(2021) 1100, https://doi.org/10.3390/nul13041100.

S.S. Jonnalagadda, L. Harnack, R.H. Liu, N. McKeown, C. Seal, S. Liu,
et al., Putting the whole grain puzzle together: health benefits
associated with whole grains—summary of American Society for


https://doi.org/10.1038/s41580-021-00411-4
https://doi.org/10.1038/s41580-021-00411-4
https://doi.org/10.1016/j.jff.2022.104938
https://doi.org/10.3390/nu12102929
https://doi.org/10.1016/j.clnu.2022.06.005
https://doi.org/10.1016/j.clnu.2022.06.005
https://doi.org/10.1016/j.numecd.2020.03.008
https://doi.org/10.1016/j.numecd.2020.03.008
https://doi.org/10.1016/j.clnu.2020.11.035
https://doi.org/10.1007/s40279-021-01540-8
https://doi.org/10.1007/s40279-021-01540-8
https://doi.org/10.3945/jn.114.195438
https://doi.org/10.3945/jn.114.195438
https://doi.org/10.1017/S0007114517000125
https://doi.org/10.1017/S0007114517000125
https://doi.org/10.1021/jf203220v
https://doi.org/10.1021/jf203220v
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref111
https://doi.org/10.1093/advances/nmac009
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref113
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref113
https://doi.org/10.3390/nu11123016
https://doi.org/10.3390/nu11123016
https://doi.org/10.3390/nu11112661
https://doi.org/10.3390/nu11112661
https://doi.org/10.1093/jaoac/88.3.967
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref117
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref117
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref117
https://doi.org/10.1038/d41586-021-02522-6
https://doi.org/10.1038/d41586-021-02522-6
https://seabos.org/wp-content/uploads/2015/07/Brief2-Marine-protein.pdf
https://seabos.org/wp-content/uploads/2015/07/Brief2-Marine-protein.pdf
https://doi.org/10.3390/foods6070053
https://doi.org/10.3390/foods6070053
https://doi.org/10.1093/ajcn/nqaa044
https://doi.org/10.1093/ajcn/nqaa044
https://doi.org/10.3945/an.116.013821
https://doi.org/10.3945/an.116.013821
https://doi.org/10.1016/j.scitotenv.2021.151437
https://doi.org/10.1016/j.scitotenv.2021.151437
https://doi.org/10.3389/fnut.2022.909464
https://doi.org/10.1016/j.tifs.2019.04.018
https://doi.org/10.1016/j.tifs.2019.04.018
https://doi.org/10.1016/j.appet.2020.105058
https://doi.org/10.1016/j.appet.2020.105058
https://doi.org/10.1007/s12665-019-8106-6
https://doi.org/10.1007/s12665-019-8106-6
https://doi.org/10.1016/j.clnu.2020.05.017
https://doi.org/10.3390/nu13020519
https://doi.org/10.1093/advances/nmz003
https://doi.org/10.1371/journal.pone.0063277
https://doi.org/10.1007/s10584-017-1969-1
https://doi.org/10.1007/s10584-017-1969-1
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref133
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref133
https://doi.org/10.1016/j.appet.2019.06.003
https://doi.org/10.1016/j.appet.2019.06.003
https://doi.org/10.1186/s12966-022-01317-w
https://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20180209_avisrelaauxobjequanpourlapolinut.pdf
https://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20180209_avisrelaauxobjequanpourlapolinut.pdf
https://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20180209_avisrelaauxobjequanpourlapolinut.pdf
https://www.anses.fr/en/system/files/NUT2017SA0142EN.pdf
https://www.anses.fr/en/system/files/NUT2017SA0142EN.pdf
https://doi.org/10.3390/nu13041100

M. Messina et al.

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

Nutrition 2010 Satellite Symposium, J. Nutr. 141 (5) (2011)
1011S-10228S, https://doi.org/10.3945/jn.110.132944.

C.P.F. Marinangeli, J. Curran, S.I. Barr, J. Slavin, S. Puri,

S. Swaminathan, et al., Enhancing nutrition with pulses: defining a
recommended serving size for adults, Nutr. Rev. 75 (12) (2017)
990-1006, https://doi.org/10.1093/nutrit/nux058.

U.S. Department of Agriculture and U.S. Department of Health and
Human Services, 2020-2025, in: Dietary Guidelines for Americans, 9th
Edition, December 2020. Available from: https://www.dietaryguidel
ines.gov/.

C.H. Foyer, H.M. Lam, H.T. Nguyen, K.H. Siddique, R.K. Varshney,
T.D. Colmer, et al., Neglecting legumes has compromised human
health and sustainable food production, Nat. Plants 2 (2016), 16112,
https://doi.org/10.1038/nplants.2016.112.

C. Didinger, H. Thompson, Motivating pulse-centric eating patterns to
benefit human and environmental well-being, Nutrients 12 (11)
(2020) 3500, https://doi.org/10.3390/nul12113500.

T. Perera, C. Russo, Y. Takata, G. Bobe, Legume consumption patterns
in US adults: National Health and Nutrition Examination Survey
(NHANES) 2011-2014 and Beans, Lentils, Peas (BLP) 2017 Survey,
Nutrients 12 (5) (2020) 1237, https://doi.org/10.3390/nul12051237.
M.H. Tao, J.L. Liu, U.D.T. Nguyen, Trends in diet quality by race/
ethnicity among adults in the United States for 2011-2018, Nutrients
14 (19) (2022) 4178, https://doi.org/10.3390/nul4194178.

G. Lucier, B.H. Lin, J. Allshouse, L.S. Kanto, Factors affecting dry bean
consumption in the United States [Internet], 2000. Available from:
https://www.agmrc.org/media/cms/DryBeanConsumption_06EF5442
C497B.pdf.

R.D. Semba, N. Rahman, S. Du, R. Ramsing, V. Sullivan,

E. Nussbaumer, et al., Patterns of legume purchases and consumption
in the United States, Front. Nutr. 8 (2021), 732237, https://doi.org/
10.3389/fnut.2021.732237.

M.J. Orlich, A.D. Mashchak, K. Jaceldo-Siegl, J.T. Utt, S.F. Knutsen,
L.E. Sveen, et al., Dairy foods, calcium intakes, and risk of incident
prostate cancer in Adventist Health Study-2, Am. J. Clin. Nutr. 116 (2)
(2022) 314-324, https://doi.org/10.1093/ajcn/nqac093.

K. Papier, T.Y. Tong, P.N. Appleby, K.E. Bradbury, G.K. Fensom,

A. Knuppel, et al., Comparison of major protein-source foods and other
food groups in meat-eaters and non-meat-eaters in the EPIC-Oxford
Cohort, Nutrients 11 (4) (2019) 824, https://doi.org/10.3390/
null1040824.

K.M. Doma, E.L. Farrell, E.R. Leith-Bailey, V.D. Soucier, A.M. Duncan,
Motivators, barriers and other factors related to bean consumption in
older adults, J. Nutr. Gerontol. Geriatr. 38 (4) (2019) 397-413,
https://doi.org/10.1080/21551197.2019.1646690.

P. Leterme, L. Carmenza Munoz, Factors influencing pulse
consumption in Latin America, Br. J. Nutr. 88 (Suppl 3) (2002)
§251-8255, https://doi.org/10.1079/BJN/2002714.

F. Bianchi, C. Stewart, N.M. Astbury, B. Cook, P. Aveyard, S.A. Jebb,
Replacing meat with alternative plant-based products (RE-MAP): a
randomized controlled trial of a multicomponent behavioral
intervention to reduce meat consumption, Am. J. Clin. Nutr. 115 (5)
(2022) 1357-1366, https://doi.org/10.1093/ajcn/nqab414.

M. Messina, J.L. Sievenpiper, P. Williamson, J. Kiel, J.W. Erdman,
Perspective: soy-based meat and dairy alternatives, despite
classification as ultra-processed foods, deliver high-quality nutrition
on par with unprocessed or minimally processed animal-based
counterparts, Adv. Nutr. 13 (3) (2022) 726-738, https://doi.org/
10.1093/advances/nmac026.

D.W.K. Toh, A. SRV, C.J. Henry, Unknown impacts of plant-based
meat alternatives on long-term health, Nat. Food 3 (2) (2022) 90-91,
https://doi.org/10.1038/543016-022-00463-5.

A. Fardet, E. Rock, Chronic diseases are first associated with the
degradation and artificialization of food matrices rather than with
food composition: calorie quality matters more than calorie quantity,
Eur. J. Nutr. 61 (5) (2022) 2239-2253, https://doi.org/10.1007/
5s00394-021-02786-8.

A. Fardet, E. Rock, Perspective: reductionist nutrition research has
meaning only within the framework of holistic and ethical thinking,
Adv. Nutr. 9 (6) (2018) 655-670, https://doi.org/10.1093/advances/
nmy044.

J. Gehring, M. Touvier, J. Baudry, C. Julia, C. Buscail, B. Srour, et al.,
Consumption of ultra-processed foods by pesco-vegetarians, vegetarians,
and vegans: associations with duration and age at diet initiation, J. Nutr.
151 (1) (2021) 120-131, https://doi.org/10.1093/jn/nxaal 96.

404

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

Advances in Nutrition 14 (2023) 392-405

J.I. Macdiarmid, The food system and climate change: are plant-based
diets becoming unhealthy and less environmentally sustainable? Proc.
Nutr. Soc. 81 (2) (2022) 162-167, https://doi.org/10.1017/
5s0029665121003712.

R.E. Santo, B.F. Kim, S.E. Goldman, J. Dutkiewicz, E.M.B. Biehl,
M.W. Bloem, et al., Considering plant-based meat substitutes and cell-
based meats: a public health and food systems perspective, Front.
Sustain. Food Syst. 4 (2020) 134, https://doi.org/10.3389/
fsufs.2020.00134.

M. Clark, M. Springmann, M. Rayner, P. Scarborough, J. Hill,

D. Tilman, et al., Estimating the environmental impacts of 57,000 food
products, Proc. Natl. Acad. Sci. U. S. A. 119 (33) (2022),
€2120584119, https://doi.org/10.1073/pnas.2120584119.

C.A. Monteiro, Nutrition and health. The issue is not food, nor
nutrients, so much as processing, Public Health Nutr 12 (5) (2009)
729-731, https://doi.org/10.1017/51368980009005291.

C.A. Monteiro, G. Cannon, R.B. Levy, J.C. Moubarac, M.L. Louzada,
F. Rauber, et al., Ultra-processed foods: what they are and how to
identify them, Public Health Nutr 22 (5) (2019) 936-941, https://
doi.org/10.1017/51368980018003762.

M.M. Lane, J.A. Davis, S. Beattie, C. Gomez-Donoso, A. Loughman,
A. O’Neil, et al., Ultraprocessed food and chronic noncommunicable
diseases: a systematic review and meta-analysis of 43 observational
studies, Obes. Rev. 22 (3) (2021), e13146, https://doi.org/10.1111/
obr.13146.

M.K. Zinocker, I.A. Lindseth, The Western diet-microbiome-host
interaction and its role in metabolic disease, Nutrients 10 (3) (2018)
365, https://doi.org/10.3390/nu10030365.

M.A. Toribio-Mateas, A. Bester, N. Klimenko, Impact of plant-based
meat alternatives on the gut microbiota of consumers: a real-world
study, Foods 10 (9) (2021) 2040, https://doi.org/10.3390/
foods10092040.

D. Mozaffarian, N.H. El-Abbadi, M. O’Hearn, J. Erndt-Marino,

W.A. Masters, P. Jacques, et al., Food Compass is a nutrient profiling
system using expanded characteristics for assessing healthfulness of
foods, Nat. Food 2 (10) (2021) 809-818, https://doi.org/10.1038/
s43016-021-00381-y.

F. Curtain, S. Grafenauer, Plant-based meat substitutes in the
flexitarian age: an audit of products on supermarket shelves, Nutrients
11 (11) (2019) 2603, https://doi.org/10.3390/nul1112603.

A. Crimarco, S. Springfield, C. Petlura, T. Streaty, K. Cunanan, J. Lee,
et al., A randomized crossover trial on the effect of plant-based
compared with animal-based meat on trimethylamine-N-oxide and
cardiovascular disease risk factors in generally healthy adults: Study
With Appetizing Plantfood-Meat Eating Alternative Trial (SWAP-
MEAT), Am. J. Clin. Nutr. 112 (5) (2020) 1188-1199, https://doi.org/
10.1093/ajen/nqaa203.

A. Crimarco, M.J. Landry, M.M. Carter, C.D. Gardner, Assessing the
effects of alternative plant-based meats v. animal meats on biomarkers
of inflammation: a secondary analysis of the SWAP-MEAT randomized
crossover trial, J. Nutr. Sci. 11 (2022) e82, https://doi.org/10.1017/
jns.2022.84.

A K. Roberts, V. Busque, J.L. Robinson, M.J. Landry, C.D. Gardner,
SWAP-MEAT Athlete (study with appetizing plant-food, meat

eating alternatives trial) - investigating the impact of three different
diets on recreational athletic performance: a randomized crossover
trial, Nutr. J. 21 (1) (2022) 69, https://doi.org/10.1186/s12937-022-
00820-x.

D.J.A. Jenkins, P.J.H. Jones, M.M.H. Abdullah, B. Lamarche, D.
Faulkner, D. Patel, et al., Low-carbohydrate vegan diets in diabetes for
weight loss and sustainability: a randomized controlled trial, Am. J.
Clin. Nutr. Published online September 26, 2022, https://doi.org/10.1
093/ajen/nqac203.

C. Alae-Carew, R. Green, C. Stewart, B. Cook, A.D. Dangour,

P.F.D. Scheelbeek, The role of plant-based alternative foods in
sustainable and healthy food systems: consumption trends in the UK,
Sci. Total Environ. 807 (3) (2022), 151041, https://doi.org/10.1016/
j.scitotenv.2021.151041.

S. van Vliet, S.L. Kronberg, F.D. Provenza, Plant-based meats, human
health, and climate change, Front. Sustain. Food Syst. 4 (2020) 1-17,
https://doi.org/10.3389/fsufs.2020.00128.

R. Rodriguez Madrera, A. Campa Negrillo, B. Sudrez Valles,

J.J.F. Ferreira Fernandez, Phenolic content and antioxidant activity in
seeds of common bean (Phaseolus vulgaris L.), Foods 10 (4) (2021)
864, https://doi.org/10.3390/foods10040864.


https://doi.org/10.3945/jn.110.132944
https://doi.org/10.1093/nutrit/nux058
https://www.dietaryguidelines.gov/
https://www.dietaryguidelines.gov/
https://doi.org/10.1038/nplants.2016.112
https://doi.org/10.3390/nu12113500
https://doi.org/10.3390/nu12051237
https://doi.org/10.3390/nu14194178
https://www.agmrc.org/media/cms/DryBeanConsumption_06EF5442C497B.pdf
https://www.agmrc.org/media/cms/DryBeanConsumption_06EF5442C497B.pdf
https://doi.org/10.3389/fnut.2021.732237
https://doi.org/10.3389/fnut.2021.732237
https://doi.org/10.1093/ajcn/nqac093
https://doi.org/10.3390/nu11040824
https://doi.org/10.3390/nu11040824
https://doi.org/10.1080/21551197.2019.1646690
https://doi.org/10.1079/BJN/2002714
https://doi.org/10.1093/ajcn/nqab414
https://doi.org/10.1093/advances/nmac026
https://doi.org/10.1093/advances/nmac026
https://doi.org/10.1038/s43016-022-00463-5
https://doi.org/10.1007/s00394-021-02786-8
https://doi.org/10.1007/s00394-021-02786-8
https://doi.org/10.1093/advances/nmy044
https://doi.org/10.1093/advances/nmy044
https://doi.org/10.1093/jn/nxaa196
https://doi.org/10.1017/s0029665121003712
https://doi.org/10.1017/s0029665121003712
https://doi.org/10.3389/fsufs.2020.00134
https://doi.org/10.3389/fsufs.2020.00134
https://doi.org/10.1073/pnas.2120584119
https://doi.org/10.1017/S1368980009005291
https://doi.org/10.1017/S1368980018003762
https://doi.org/10.1017/S1368980018003762
https://doi.org/10.1111/obr.13146
https://doi.org/10.1111/obr.13146
https://doi.org/10.3390/nu10030365
https://doi.org/10.3390/foods10092040
https://doi.org/10.3390/foods10092040
https://doi.org/10.1038/s43016-021-00381-y
https://doi.org/10.1038/s43016-021-00381-y
https://doi.org/10.3390/nu11112603
https://doi.org/10.1093/ajcn/nqaa203
https://doi.org/10.1093/ajcn/nqaa203
https://doi.org/10.1017/jns.2022.84
https://doi.org/10.1017/jns.2022.84
https://doi.org/10.1186/s12937-022-00820-x
https://doi.org/10.1186/s12937-022-00820-x
https://doi.org/10.1093/ajcn/nqac203
https://doi.org/10.1093/ajcn/nqac203
https://doi.org/10.1016/j.scitotenv.2021.151041
https://doi.org/10.1016/j.scitotenv.2021.151041
https://doi.org/10.3389/fsufs.2020.00128
https://doi.org/10.3390/foods10040864

M. Messina et al.

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

B. Carbas, N. Machado, D. Oppolzer, L. Ferreira, M. Queiroz, C. Brites,
et al., Nutrients, antinutrients, phenolic composition, and antioxidant
activity of common bean cultivars and their potential for food
applications, Antioxidants (Basel) 9 (2) (2020) 186, https://doi.org/
10.3390/antiox9020186.

Q.Q. Yang, R.Y. Gan, Y.Y. Ge, D. Zhang, H. Corke, Polyphenols in
common beans (Phaseolus vulgaris L.): chemistry, analysis, and factors
affecting composition, Compr. Rev. Food Sci. Food Saf. 17 (6) (2018)
1518-1539, https://doi.org/10.1111/1541-4337.12391.

B. Zhu, Y. Sun, L. Qi, R. Zhong, X. Miao, Dietary legume consumption
reduces risk of colorectal cancer: evidence from a meta-analysis of
cohort studies, Sci. Rep. 5 (2015) 8797, https://doi.org/10.1038/
srep08797.

H. Li, J. Li, Y. Shen, J. Wang, D. Zhou, Legume consumption and all-
cause and cardiovascular disease mortality, Biomed. Res. Int. (2017),
8450618, https://doi.org/10.1155/2017/8450618, 2017.

S.J. Kim, R.J. de Souza, V.L. Choo, V. Ha, A.I. Cozma, L. Chiavaroli, et
al., Effects of dietary pulse consumption on body weight: a systematic
review and meta-analysis of randomized controlled trials, Am. J. Clin.
Nutr. 103 (5) (2016) 1213-1223, https://doi.org/10.3945/
ajen.115.124677.

M.S. Hafiz, M.D. Campbell, L.L. O’Mahoney, M. Holmes, C. Orfila,

C. Boesch, Pulse consumption improves indices of glycemic control in
adults with and without type 2 diabetes: a systematic review and
meta-analysis of acute and long-term randomized controlled trials,
Eur. J. Nutr. 61 (2) (2022) 809-824, https://doi.org/10.1007/
500394-021-02685-y.

L.A. van den Berg, J.J. Mes, M. Mensink, A.J. Wanders, Protein quality
of soy and the effect of processing: A quantitative review, Front. Nutr.
9 (2022), 1004754, https://doi.org/10.3389/fnut.2022.1004754.

S. Blanco Mejia, M. Messina, S.S. Li, E. Viguiliouk, L. Chiavaroli,
T.A. Khan, et al., A meta-analysis of 46 studies identified by the FDA
demonstrates that soy protein decreases circulating LDL and total
cholesterol concentrations in adults, J. Nutr. 149 (6) (2019) 968-981,
https://doi.org/10.1093/jn/nxz020.

D.J.A. Jenkins, S. Blanco Mejia, L. Chiavaroli, E. Viguiliouk, S.S. Li,
C.W.C. Kendall, et al., Cumulative meta-analysis of the soy effect over
time, J. Am. Heart Assoc. 8 (13) (2019), e012458, https://doi.org/
10.1161/JAHA.119.012458.

M. Messina, H. Lynch, J.M. Dickinson, K.E. Reed, No difference
between the effects of supplementing with soy protein versus animal
protein on gains in muscle mass and strength in response to resistance
exercise, Int. J. Sport Nutr. Exerc. Metab. 28 (6) (2018) 674-685,
https://doi.org/10.1123/ijsnem.2018-0071.

K. Musa-Veloso, J. Juana, Regulation and labeling of plant-based
beverages and simulated meat, poultry, and egg products in Canada
and the United States, Cereal Foods World 65 (4) (2020), https://
doi.org/10.1094/CFW-65-4-0044.

M. Salomé, F. Mariotti, M.C. Nicaud, A. Dussiot, E. Kesse-Guyot,
M.N. Maillard, et al., The potential effects of meat substitution on diet
quality could be high if meat substitutes are optimized for nutritional
composition-a modeling study in French adults (INCA3), Eur. J. Nutr.
61 (4) (2022) 1991-2002, https://doi.org/10.1007/s00394-021-
02781-z.

405

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

Advances in Nutrition 14 (2023) 392-405

D.M. Winham, A.M. Hutchins, Perceptions of flatulence from bean
consumption among adults in 3 feeding studies, Nutr. J. 10 (2011)
128, https://doi.org/10.1186/1475-2891-10-128.

L. Shi, S.D. Arntfield, M. Nickerson, Changes in levels of phytic acid,
lectins and oxalates during soaking and cooking of Canadian pulses,
Food Res. Int. 107 (2018) 660-668, https://doi.org/10.1016/
j.foodres.2018.02.056.

V.K. Mittermeier-Kleflinger, T. Hofmann, C. Dawid, Mitigating off-
flavors of plant-based proteins, J. Agric. Food Chem. 69 (32) (2021)
9202-9207, https://doi.org/10.1021/acs.jafc.1c03398.

B.D. Tobin, M.G. O’Sullivan, R.M. Hamill, J.P. Kerry, Effect of
varying salt and fat levels on the sensory quality of beef patties, Meat
Sci 91 (4) (2012) 460-465, https://doi.org/10.1016/
j.meatsci.2012.02.032.

E. Watson, Impossible Foods tweaks formulation, slashes saturated fat:
‘The category has done a lousy job of explaining itself,” says CEO
[Internet], 2022. Available from: https://www.foodnavigator-usa.com
/Article/2022/08/26/Impossible-Foods-tweaks-formulation-slashes-s
aturated-fat-The-category-has-done-a-lousy-job-of-explaining-itself-s
ays-CEO.

R.M. Ryan, E.L. Deci, Self-determination theory and the facilitation
of intrinsic motivation, social development, and well-being, Am.
Psychol. 55 (1) (2000) 68-78, https://doi.org/10.1037//0003-
066x.55.1.68.

S. Grasso, S. Jaworska, Part meat and part plant: are hybrid meat
products fad or future? Foods 9 (12) (2020) 1888, https://doi.org/
10.3390/foods9121888.

K. Askew, Making ‘healthier’ meat: consumer attitudes towards to
better-for-you-burgers and bangers [Internet], 2020. Available from:
https://www.foodnavigator.com/Article/2020/07/02/Making-health
ier-meat-Consumer-attitudes-to-better-for-you-burgers-and-bangers.
A. Alcorta, A. Porta, A. Tarrega, M.D. Alvarez, M.P. Vaquero, Foods for
plant-based diets: challenges and innovations, Foods 10 (2) (2021)
293, https://doi.org/10.3390/foods10020293.

T.M. Hicks, S.0. Knowles, M.M. Farouk, Global provisioning of red
meat for flexitarian diets, Front. Nutr. 5 (2018) 50, https://doi.org/
10.3389/fnut.2018.00050.

F. Boukid, M. Castellari, Veggie burgers in the EU market: a nutritional
challenge? Eur. Food Res. Technol. 247 (10) (2021) 2445-2453,
https://doi.org/10.1007/s00217-021-03808-9.

M. Thrane, P.V. Paulsen, M.W. Orcutt, T.M. Krieger, Soy protein:
Impacts, production, and applications, in: S.R. Nadathur,

J.P.D. Wanasundara, L. Scanlin (Eds.), Sustainable Protein Sources,
Academic Press, United Kingdom, 2017, pp. 23-46.

S. Grasso, G. Smith, S. Bowers, O.M. Ajayi, M. Swainson, Effect of
texturised soy protein and yeast on the instrumental and sensory
quality of hybrid beef meatballs, J. Food Sci. Technol. 56 (6) (2019)
3126-3135, https://doi.org/10.1007/5s13197-018-3552-9.

A. Drewnowski, C.J. Henry, J.T. Dwyer, Proposed nutrient standards
for plant-based beverages intended as milk alternatives, Front. Nutr. 8
(2021), 761442, https://doi.org/10.3389/fnut.2021.761442.

R. Mangels, V. Messina, M. Messina, The dietitian’s guide to
vegetarian diets: issues and applications, Jones and Bartlett Learning,
Burlington, MA, 2022.


https://doi.org/10.3390/antiox9020186
https://doi.org/10.3390/antiox9020186
https://doi.org/10.1111/1541-4337.12391
https://doi.org/10.1038/srep08797
https://doi.org/10.1038/srep08797
https://doi.org/10.1155/2017/8450618
https://doi.org/10.3945/ajcn.115.124677
https://doi.org/10.3945/ajcn.115.124677
https://doi.org/10.1007/s00394-021-02685-y
https://doi.org/10.1007/s00394-021-02685-y
https://doi.org/10.3389/fnut.2022.1004754
https://doi.org/10.1093/jn/nxz020
https://doi.org/10.1161/JAHA.119.012458
https://doi.org/10.1161/JAHA.119.012458
https://doi.org/10.1123/ijsnem.2018-0071
https://doi.org/10.1094/CFW-65-4-0044
https://doi.org/10.1094/CFW-65-4-0044
https://doi.org/10.1007/s00394-021-02781-z
https://doi.org/10.1007/s00394-021-02781-z
https://doi.org/10.1186/1475-2891-10-128
https://doi.org/10.1016/j.foodres.2018.02.056
https://doi.org/10.1016/j.foodres.2018.02.056
https://doi.org/10.1021/acs.jafc.1c03398
https://doi.org/10.1016/j.meatsci.2012.02.032
https://doi.org/10.1016/j.meatsci.2012.02.032
https://www.foodnavigator-usa.com/Article/2022/08/26/Impossible-Foods-tweaks-formulation-slashes-saturated-fat-The-category-has-done-a-lousy-job-of-explaining-itself-says-CEO
https://www.foodnavigator-usa.com/Article/2022/08/26/Impossible-Foods-tweaks-formulation-slashes-saturated-fat-The-category-has-done-a-lousy-job-of-explaining-itself-says-CEO
https://www.foodnavigator-usa.com/Article/2022/08/26/Impossible-Foods-tweaks-formulation-slashes-saturated-fat-The-category-has-done-a-lousy-job-of-explaining-itself-says-CEO
https://www.foodnavigator-usa.com/Article/2022/08/26/Impossible-Foods-tweaks-formulation-slashes-saturated-fat-The-category-has-done-a-lousy-job-of-explaining-itself-says-CEO
https://doi.org/10.1037//0003-066x.55.1.68
https://doi.org/10.1037//0003-066x.55.1.68
https://doi.org/10.3390/foods9121888
https://doi.org/10.3390/foods9121888
https://www.foodnavigator.com/Article/2020/07/02/Making-healthier-meat-Consumer-attitudes-to-better-for-you-burgers-and-bangers
https://www.foodnavigator.com/Article/2020/07/02/Making-healthier-meat-Consumer-attitudes-to-better-for-you-burgers-and-bangers
https://doi.org/10.3390/foods10020293
https://doi.org/10.3389/fnut.2018.00050
https://doi.org/10.3389/fnut.2018.00050
https://doi.org/10.1007/s00217-021-03808-9
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref198
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref198
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref198
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref198
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref198
https://doi.org/10.1007/s13197-018-3552-9
https://doi.org/10.3389/fnut.2021.761442
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref201
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref201
http://refhub.elsevier.com/S2161-8313(23)00272-7/sref201

	Statement of Significance
	Introduction
	Historical Perspective on PBMAs
	Animal to Plant Protein Intake Ratios
	Differences between Animal and Plant Protein
	Chronic disease risk
	Protein quality
	Global Protein Needs
	Shifting the Animal to Plant Protein Intake Ratio
	Is the Direct Consumption of Pulses Likely to Increase?

	Perspectives on PBMAs
	Introduction
	Skepticism about the utility of PBMAs
	Concerns about the processing involved in the production of PBMAs
	Clinical data supportive of PBMAs
	Legumes compared with legume-based PBMAs

	Hybrid Meat Products
	Conclusion and Perspective on the Protein Intake Transition
	Acknowledgments
	Funding
	Author disclosures
	References


