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Over the last decade, protein has been a major driver of pur-
chasing decisions made by consumers (43). As the appeal of
plant-based foods for consumers continues to grow, it is not
surprising that foods containing plant-based proteins are be-
coming increasingly prominent within the North American
marketplace (22,31). Simultaneously, given their ties to human
health (24) and environmental sustainability (40,47), plant-based
proteins are being highlighted within dietary guidelines across
jurisdictions, including North America (15,29,32,50). Although
plant-based protein sources, including legumes (soybeans, pulses),
nuts, and seeds, have always been available, the food industry
is responding to dietary guidelines and consumer trends with
innovative and reformulated foods that are underpinned by sig-
nificant levels of plant-based protein per serving (22,31). Due
to increased interest in the use of plant-based proteins, in 2018,
the government of Canada announced a CA$150 million invest-
ment to help develop Canada’s plant-based protein sector (1).

Protein content claims are used by consumers to identify foods
as a source of dietary protein. Regulatory guidance for “source
of protein” claims differs across jurisdictions. Compared with
other developed regions, such as Australia and New Zealand
(11), China (30), and the European Union (7), the regulatory
environments in Canada and the United States are unique, be-
cause protein content claims are dependent on protein quality.
In Canada and the United States, for persons =1 year of age, the
protein quality of a food is quantified using the protein effi-
ciency ratio (PER) method to derive a protein rating (17) or a
protein digestibility corrected amino acid score (PDCAAS) (53),
respectively. Plant-based sources of protein generally have lower
levels of indispensable amino acids (mg/g of protein) and lower
digestibility coefficients compared animal-based protein sources,
which affects their measured protein quality. That being said, in
the context of the total diet, these properties of plant-based pro-
tein sources do not necessarily devalue their contribution of pro-
tein to a healthy diet. From a regulatory perspective, these meth-
odologies can introduce challenges for establishing “source of
protein” claims for plant-based foods. The inability to identify
for consumers foods with significant levels of plant-based pro-
tein could impede the adoption of dietary patterns that align
with dietary guidelines.

Moreover, given the similarities and shared food systems be-
tween Canada and the United States, many of the same manu-
factured foods can be found in retail outlets in both countries.
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However, because of differences in regulatory frameworks con-
cerning protein, some foods that can be identified as a “source
of protein” in one country cannot make a similar claim in the
other.

The purpose of this review is to discuss the current regulatory
landscape for protein content claims in North America and out-
line possible modifications to the regulatory frameworks that
would increase the ability of manufacturers to communicate to
consumers in Canada and the United States that foods are a
significant source of plant-based protein.

Regulatory Landscape for Protein Content Claims
in Canada and the United States

Protein quality is assessed based on the ability of a dietary
protein to provide adequate levels of bioavailable essential or
indispensable amino acids for metabolic work (27). For hu-
mans, nine amino acids are indispensable and are required at
variable levels, depending on life stage and state of health (21).

Various methodologies have been developed to assess the
protein quality of foods. However, few have been integrated into
existing regulatory frameworks to support protein content claims.
Canada and the United States are exceptions, however, and have
implemented different methodologies for determining protein
quality to support protein content claims for foods that target
noninfant populations.

Support for Protein Content Claims in Canada. A summary
of the protein rating method used to support protein content
claims in Canada is provided in Figure 1 (26). To determine the
protein rating of a food, a rat bioassay is used to measure its
PER. Weanling rats are fed diets containing a test protein (10%)
or control protein, casein (10%). After 4 weeks, the protein ef-
ficiency (weight gain [g]/protein intake [g]) is determined for
each diet. The ratio of the protein efficiencies between the test
and control diets is the PER. To account for inter- and intral-
aboratory variability, the calculated PER is adjusted using the
standard average PER for casein of 2.5. For the remainder of
this review, PER refers to the adjusted PER value (13). The pro-
tein rating is determined by multiplying the PER of the protein
source by the Reasonable Daily Intake (RDI) value established
for the same food (3). A food with a protein rating > 20 is a “good
source” of protein, whereas a food with a protein rating > 40 is
an “excellent source” of protein. RDI values for specific foods
are available in schedule K of Canada’s Food and Drug Regula-
tions (3). If an RDI for a food does not exist, the reference amount,
which is the regulated serving size of a food, can be used to de-
termine the protein rating (3).

The methodological challenges associated with using the pro-
tein rating method to delineate the protein quality of a food and
its subsequent use within a regulatory framework are outlined
in Table I. First and foremost, the use of a growing rat does not
accurately assess the indispensable amino acid requirements of
humans. This is particularly true for sulfur-containing amino

CEREAL FOODS WORLD / 207


mailto:cmarinangeli%40pulsecanada.com?subject=
mailto:cmarinangeli%40pulsecanada.com?subject=

20 Weanling rats

o )8

Control Diet
Basal Diet + Casein (10%)
n=10

Test Diet
Basal Diet + Test protein (10%)
(replacement of casein and cornstarch)
n=10

Weekly record of food
intake and weight gain

PER

— [Wﬁght gain (g)rest protein = Mass Of protein consumed (9 rest protein) ]

[Wel‘gh‘t gain (g)Casein + Mass Of pTOteI'n Cﬂnsumed (g)c‘asein]

Protein Rating = PERjqjystea X Level of Protein in a Reasonable Daily Intake of Food (grams)

If the Protein Rating is = 20, the Food is a "Good Source" of Protein

If the Protein Rating is = 40, the Food is an "Excellent Source" of Protein

Fig. 1. Summary of protein rating/protein efficiency ratio (PER) method and regulatory framework for protein nutrient content claims in Canada

(3,13). (Adapted from Marinangeli and House [26])

Table I. Methodological challenges associated with protein quality methods used in Canada and the United States for establishing protein content claims®

Method Method Description Region Methodological Challenges
Protein rating/PER ~ Rat growth bioassay and Canada Indispensable amino acid requirements of growing rats differ from those of humans.
protein rating calculation Method does not credit amino acids required for maintenance.
PER values are not additive within a food matrix. New food formulations are
required to be tested to determine the PER and protein rating.
Limited availability of PER values.
Hedonic properties of a food can affect consumption of test diets.
PDCAAS Digestibility assay and amino  United States ~ PDCAAS values are truncated at 1.0, which limits the ability to compare protein

acid scoring calculation

sources of high quality.

Use of true fecal nitrogen digestibility does not represent and can overestimate the
digestibility of indispensable amino acids.

Limited availability of digestibility values.

The are no considerations for differences in the microbiome.

2 PER: protein efficiency ratio; PDCAAS: protein digestibility corrected amino acid score.

acid requirements, which are elevated in rats due to their role in
fur production and maintenance (10,41). The utility of the pro-
tein rating method is further challenged as a growth assay, be-
cause indispensable amino acids necessary for maintenance of
tissues and biological processes are not credited (10). Addition-
ally, given that the PER is highly dependent on the consumption
of test foods by rats, the hedonic properties of a test food could
alter consumption and produce an artificially low or high PER.
Furthermore, nutrient geometric analyses used to evaluate how
mixtures of nutrients affect dietary choices suggest that protein
intake in humans is more strongly regulated than carbohydrate
and fat intakes (45): dietary intake is about 15% protein and
85% carbohydrate and fat. Although protein content also drives
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macronutrient selection in rats, Simpson and Raubenheimer
(46) found that adult male Sprague-Dawley rats generally se-
lected about 40% protein and 60% carbohydrate and fat. In ad-
dition, the protein/energy ratio may change depending on en-
vironmental temperatures, e.g., rats will maintain their protein
intake but selectively increase energy intake from fat and carbo-
hydrate. These results demonstrate differences in the dietary
preferences of humans and rats.

Few PER values exist in the peer-reviewed, private, and regu-
latory literature that can be used for application within the reg-
ulatory frameworks to establish protein content claims. The Ca-
nadian Food Inspection Agency (CFIA) provides a limited list
of PER values for the food industry (3), and because PER values
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Fig. 2. Summary of the protein digestible corrected amino acid score (PDCAAS) method and regulatory framework for protein nutrient content
claims in the United States for individuals who are >4 years of age. (Adapted from Marinangeli and House [26]) * Preschool child 2-5 years of age,
as per the 1991 Joint Food and Agriculture Organization of the United Nations (FAO) and World Health Organization (WHO) Expert Consultation on
Protein Quality Evaluation (10). DV: daily value; IAA: indispensable amino acid; RACC: reference amount customarily consumed.

are not additive, new food formulations containing a mixture of
protein sources require that the PER be determined using the
rat bioassay. In our opinion, this requirement can limit food
innovation because of the cost and difficulty associated with
making a protein content claim for mixed foods. It is noteworthy
that in Canada unless a food can be characterized as a “source
of” protein (protein rating > 20), the level of protein per serving
of food cannot be advertised to consumers other than in the Nu-
trition Facts table on the label (16). Regulations are similar in
the United States, where rules concerning the use of nutrient
content claims extend to any statements on labels about the
level or range of a nutrient, including protein, in a food (52).
Support for Protein Content Claims in the United States.
In the United States, PDCAAS is the regulatory tool used to sup-
port protein content claims. The PDCAAS method relies on in
vivo true fecal nitrogen digestibility coefficients, the indispens-
able amino acid requirements of a human reference population,
and the level of indispensable amino acids (mg/g) of each pro-
tein source in a food formulation (Fig. 2). The level of each in-
dispensable amino acid is divided by the indispensable amino
acid requirements of a reference population and is defined as
the amino acid score (10). The indispensable amino acid with
the lowest score is multiplied by the weighted average for true
fecal nitrogen digestibility to derive the PDCAAS of the food.
PDCAAS values > 1.0 are truncated at 1.0 (10). The PDCAAS
is multiplied by the level of protein in a serving of food, which
adjusts the level of protein in the food for digestibility. In the
United States, the serving size used for this calculation is the
reference amount customarily consumed (RACC), which is
outlined in Title 21, Section 101.12 of the U.S. Code of Federal
Regulations (54). The level of corrected protein per RACC is
divided by the daily value (DV) for protein for individuals who
are >4 years of age (50 g). For foods targeted to children 1-3 years
of age, the DV for protein is 13 g/day (53). If the food contains

>10% of the DV for protein per RACC, the food is a “good source”
of protein. If the food contains >20% of the DV for protein per
RACG, the food is an “excellent source” of protein (51).

The PDCAAS was adopted in the United States as the frame-
work for supporting protein content claims following the publi-
cation of the 1991 Joint Food and Agriculture Organization of
the United Nations (FAO) and World Health Organization
(WHO) Expert Consultation on Protein Quality Evaluation
(10). Although indispensable amino acid requirements in refer-
ence populations have changed over time (8,10,56), regulations
in the United States stipulate that the indispensable amino acid
requirements for children 2-5 years of age, based on the 1991
report, remain in use (53). Growth rate and higher protein re-
quirements are the rationale for using children 2-5 years of age
as the reference population.

From a nutritional perspective, the PDCAAS largely address-
es the shortfalls of the protein rating method used in Canada to
support protein content claims. However, this has not stemmed
criticisms. For foods with a PDCAAS > 1.0, the truncation of
values to 1.0 does not permit high-quality protein sources to be
accurately compared (8). Furthermore, the use of total fecal ni-
trogen digestibility does not accurately represent the digestibil-
ity of each indispensable amino acid or account for microbial
assimilation and uptake of endogenous and exogenous nitrogen
in the large intestine, which can inflate digestibility values, and,
thus, the PDCAAS of a protein source (9,39,42,56).

That being said, in contrast to the protein rating method used
in Canada, PDCAAS values can be added together (10,56), elim-
inating one of the barriers encountered when using the protein
rating method. Therefore, if digestibility coefficients and indis-
pensable amino acid levels for each protein source are known,
the PDCAAS can be derived for foods with multiple protein
sources without the need for an in vivo total fecal nitrogen di-
gestibility study. However, a lack of total fecal nitrogen digest-
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ibility values for new ingredients can limit the calculation of
the PDCAAS and require assessment based on rat balance
studies.

Protein Quality of Plant-Based Protein Sources

In general, regardless of the methodology used, the protein
quality of plant-based protein sources is lower than that of ani-
mal-based sources. Plant-based protein sources can have lower
total fecal nitrogen digestibility coefficients and/or lower levels
of one or more indispensable amino acids compared with ani-
mal-based proteins. The lower digestibility values of plant-based
protein sources can be secondary to the inherent structure of
the protein and the presence of nonprotein constituents in plant-
based foods such as fiber and antinutritional factors (10). Most
antinutritional factors that disrupt protein digestion are inacti-
vated by cooking and/or processing (38). Nonetheless, lower
digestibility and/or indispensable amino acids levels can de-
crease the PER and PDCAAS values for a food. Typically, le-
gumes have higher levels of lysine (mg/g of protein) and lower
levels of sulfur-containing amino acids (mg/g of protein), where-
as the reverse is true for cereals. Thus, it is recommended, par-
ticularly for vegetarians, that diets include plant-based proteins
from a variety of sources, such as legumes, cereals, nuts, and
seeds, to ensure daily requirements for indispensable amino
acids are met. This approach has long been accepted as combin-
ing “complementary proteins” and is the backbone of animal nu-
trition when complementary sources and supplemental amino
acids are used in formulating diets to balance the dietary amino
acid profile (44).

Some PER and PDCAAS values for a variety of animal- and
plant-based protein sources are summarized and ranked (from
highest to lowest) in Table II. It should be emphasized that the
data presented in Table IT are a summary of publicly available
data, and PER and PDCAAS values for similar foods listed could
be higher or lower because of differences in variety, production,
and processing. As expected, for the most part, lower PER val-
ues are derived for plant-based protein sources compared with
animal-based foods. Exceptions include soybeans, soy protein,
and chickpeas, with PER values of 2.0, 2.3, and 2.32, respectively.
Despite observing reasonably high true nitrogen digestibility
values, the same trends are apparent for PDCAAS, in which
plant-based proteins generally have scores that are 230% lower
than those for animal-based protein. Similar to PER, PDCAAS
values for soy proteins are similar to animal-based proteins.

Protein Nutrient Content Claims for Plant-Based Food
Sources in Canada and the United States

As dietary guidelines place increased emphasis on the con-
sumption of plant-based protein sources, it is reasonable to sug-
gest that significant utilization of legumes, cereals, nuts, and seeds
in food formulations should render those foods a source of pro-
tein and, in particular, provide greater guidance for those who
choose to eliminate or limit consumption of animal-based pro-
teins. Given that Canada and the United States use two different
regulatory frameworks to support protein content claims, it is
expected that each framework would yield different results un-
der the context of protein claims.

One of the challenges created by having two very different
methods for assessing protein quality across regions with simi-
lar food landscapes is demonstrated by lentils and chickpeas. As
shown in Table II, the PER for lentils, with the exception of green
lentils, is extremely low at 0.3 and would produce a very low pro-
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tein rating of 2.8 (based on 0.074 g of protein/mL in cooked len-
tils [U.S. Department of Agriculture (USDA) National Nutrient
Database (NDB) ID 16070 (48)] and a 125 mL reference amount
[14]), which is 86% below the protein rating (>20) required to
permit a protein claim in Canada. Based on the averaged pro-
tein content of cooked lentils (9.02 g/100 g [USDA NDB ID
16070 (48)]), a general PDCAAS for canned lentils of 0.52 (10)
and a 90 g RACC (54), the corrected level of protein per RACC
is 4.22 g. Although the corrected level of protein falls short of
the threshold for a protein claim in the United States (5 g of
corrected protein/RACC), the shortfall of 16% is modest and
provides a reasonable opportunity to combine lentils with a
complimentary protein source or sources to attain levels that
would facilitate a claim. Furthermore, as demonstrated in Table
111, the PDCAAS for green lentils is 0.628 and is high enough
for a protein claim to be made in the United States based on a
90 g RACC, but it is not high enough for a claim to be made in
Canada. The reverse is true for chickpeas, for which the PER is
2.32—a ratio which, relative to the casein positive control, could
generate a fairly high protein rating for food with moderate-to-
high levels of protein. Conversely, the PDCAAS for chickpeas is
0.519, which is 50% lower than that of animal-based protein
foods. Thus, the use of chickpeas in a manufactured food prod-
uct may enable a protein content claim in Canada, but not in
the United States.

The application of PER and PDCAAS for protein content
claims in Canada and the United States, respectively, for whole
foods that dietary guidelines identify as foods with protein is
summarized in Table III (20,49). In Canada and the United
States, animal-derived protein foods, such as milk, eggs, and
chicken, are considered to be “good” or “excellent” sources of
protein. In contrast, no legumes, with the exception of tofu made
from soybeans, are considered to be a “source” of protein in Can-
ada. In the United States, however, all legumes, with the excep-
tion of baked beans, black beans (no sauce and/or not canned in
liquid), and split yellow peas, are considered “good” sources of
protein.

Flours, protein concentrates, and protein isolates are ingredi-
ents that can be utilized to facilitate an increase in the consump-
tion of plant-based protein. Recently, Chaudhary et al. (4) eval-
uated the effects of reformulation of pan bread, breakfast cereal,
and pasta with whole yellow pea flour. Refined high-protein, all-
purpose, or semolina wheat flour was replaced with whole yel-
low pea flour at 15, 53, and 30% total flour, respectively. Using
the known amino acid composition of the refined wheat flours
and whole yellow pea flour and their known true fecal nitrogen
digestibility, the PDCAAS and corrected levels of protein per
serving of foods from the Chaudhary et al. (4) study was mod-
eled against the RACC for bread (50 g), breakfast cereal (40 g),
and pasta (dry) (55 g). Reformulation with whole yellow pea
flour increased protein quality by 41% for pan bread, 111% for
breakfast cereal, and 100% for pasta (Fig. 3A). The respective
corrected protein levels also increased by 51, 201, and 128% for
pan bread, breakfast cereal, and pasta (Fig. 3B). Levels of cor-
rected protein that would permit a protein content claim in the
United States (5 g/RACC) were attained for reformulated pasta,
but not for reformulated pan bread or breakfast cereal (Fig. 3B).
This was true even when reformulation was modeled to a
100% inclusion rate of whole yellow pea flour. These results
demonstrate some of the technical and communicative chal-
lenges concerning reformulation and innovation with plant-
based proteins.



Table I1. Examples of protein efficiency ratio (PER) values, total fecal nitrogen digestibility (TFND) percentages, and protein digestibility corrected

amino acid score (PDCAAS) values

PER? TFND and PDCAAS
Food PER Food TEND (%) PDCAAS Source
Animal-based protein sources Animal-based protein sources
Egg, whole 3.1 Beef 98 0.92 FAO and WHO (10)
Egg white 3.0 Casein 96.59-99 1 FAO and WHO (10);
Nosworthy et al. (37)
Pork, ham 27 Egg white 100 1 FAO and WHO (10)
Pork, tenderloin 2.7
Poultry 2.7 Plant-based protein sources
Beef or veal, muscle 2.7 Soybean protein concentrate 95 0.99 FAO and WHO (10)
Fish 2.7 Canola protein concentrate 95 0.93 FAO and WHO (10)
Beef, liver 2.7 Soybean protein isolate 98 0.92 FAO and WHO (10)
Shellfish 2.7 Canola protein isolate 95 0.83 FAO and WHO (10)
Muscle meats (bison, lamb, etc.) 2.7 Lentil protein concentrate 91.1 0.681 Nosworthy and House (35)
Dried whey 2.6 Bean, navy 79.96 0.667 Nosworthy et al. (37)
Casein 2.5 Pea, split yellow 87.94 0.643 Nosworthy et al. (37)
Cheese, cheddar 2.5 Lentil, whole green 87.89 0.628 Nosworthy et al. (37)
Milk 2.5 Bean, pinto 76.23 0.59 Nosworthy et al. (37)
Wiener 2.1 Qats, rolled 91 0.57 FAO and WHO (10)
Bologna 2.1 Faba bean isolate 97.2 0.564 Nosworthy and House (35)
Chicken frankfurter 2.1 Bean, red kidney 78.6 0.549 Nosworthy et al. (37)
Macaroni and cheese 2.1 Pea protein concentrate 92.6 0.541 Nosworthy and House (35)
Sausage 1.7 Buckwheat flour 71.13 0.54 Nosworthy et al. (33)
Lentil, split red 90.6 0.538 Nosworthy et al. (37)
Plant-based protein sources Bean, black 69.99 0.534 Nosworthy et al. (37)
Chickpea, cooked 2.32 Pea protein isolate 97.1 0.526 Nosworthy and House (35)
Soybean, heated 2.3 Peanut meal 94 0.52 FAO and WHO (10)
Soy protein 2.0 Chickpea 85.02 0.519 Nosworthy et al. (37)
Qats, rolled 1.8 Pea, split green 85.15 0.5 Nosworthy et al. (37)
Barley 1.7 Lentil protein isolate 96.1 0.498 Nosworthy and House (35)
Peanut 1.7 Faba bean concentrate 94 0.433 Nosworthy and House (35)
Bean, pinto 1.6 Wheat, whole 91 0.4 FAO and WHO (10)
Bean, black 1.6 Sunflower protein isolate 94 0.37 FAO and WHO (10)
Bean, kidney 1.6 Rice-wheat gluten 95 0.26 FAO and WHO (10)
Bean, navy (dry) 1.5 Wheat gluten 96 0.25 FAO and WHO (10)
Rice 1.5
Pea, split yellow 1.4
Bulgur wheat 1.4
Corn, whole 14
Lentil, whole green 1.3
Rye 1.3
Pea flour 1.2
Sunflower seed 1.2
Bread, white 1.0
Wheat, whole 0.8
White flour 0.7
Almonds 0.4
Lentil, cooked (all others) 0.3

2 Source: Canadian Food Inspection Agency (3).

Debating the Future of Protein Content Claim
Regulations in North America

Across regions, dietary guidelines and government agencies
(2,12,23,29,32), as well as the guiding principles for the next
iteration of Canada’s Food Guide (15), emphasize consumption
of plant-based sources of protein to facilitate health and/or de-
crease the environmental impacts of diets. Lack of harmoniza-
tion between Canada and the United States could impede the
development and marketing of food offerings that align with
dietary guidelines to increase consumption of plant-based pro-
teins. Given the heightened awareness concerning the impact of
food choices on health and environmental sustainability, there is
an interest in exploring regulations that govern protein nutrient
content claims in Canada and the United States. Analysis should

determine whether current frameworks are sufficient to enable
a food landscape that credits the positive nutritional attributes
of foods and facilitate healthy food choices by consumers.

The use of protein quality as support for protein content
claims in Canada and the United States is intended to facilitate
the consumption of healthy diets. However, the frameworks for
protein content claims in Canada and the United States assume
that a threshold for indispensable amino acids must be met for
every food and/or meal and that deficits from one eating occa-
sion cannot be compensated for at other eating occasions or by
inclusion of complementary protein sources within a meal. Given
the variety of foods available and recommendations to increase
the proportion of plant-based foods as part of healthy dietary
patterns, there is merit in reexamining protein quality-based
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Table III. Comparison of the protein rating/protein efficiency ratio (PER) and protein digestibility corrected amino acid score (PDCAAS) frameworks
for permitting protein content claims in Canada and the United States®

Canadian Regulatory System® U.S. Regulatory System?

Protein
Food (g/100 g) Claim PDCAAS CPL (g)/ Claim
(NDB ID)® (g/mL) RDI® PER APL (g)f Permitted RACC? (untruncated) RACCh Permitted'
Animal-derived foods
Milk, whole 3.15 Excellent Good
(01077) (0.032) 852 mL 2.5 72.10 source 240 mL 1(1.1) 7.68 source
Egg, hard-boiled Good Good
(01129) 12.58 100 g 3.1 39.00 source 50 g 1(1.05) 6.29 source
Chicken breast Excellent Excellent
(05064) 32.02 100 g 2.7 83.8 source 100 g 1(1.01) 32.02 source
Legume/pulse foods
Bean, baked
(16006) 4.75 250 g 1.51 17.90 No claim 130 g 0.6 3.71 No claim
Bean, black 8.86 130 g
(16015) (0.064) 125 mLJ 1.61 12.88 No claim (sauce, canned, 0.534 6.15 Good
refried) source
90g
(other preparations) 0.534 4.26 No claim
Chickpea 8.86 Good
(16057) (0.061) 125 mLJ 2.32 17.69 No claim Ng 0.74 5.90 source
Lentil, green 9.02 Good
(16070) (0.074) 125 mLJ 1.3 12.03 No claim 9g 0.628 5.10 source
Pea, split yellow 8.34
(16086) (0.068) 125 mLJ 1.42 12.07 No claim 90g 0.643 4.83 No claim
Soy-based tofu Good Good
(16426) 17.27 8g¢g 23 33.80 source 8¢ 0.56 8.22 source

2 Table adapted from Marinangeli and House (26). APL: adjusted protein level; CPL: corrected protein level; NDB: U.S. Department of Agriculture (USDA)
National Nutrient Database; RACC: reference amount customarily consumed; RDI: Reasonable Daily Intake.

Y NDB ID is the identification number used in the USDA Nutrient Database (48).

¢ Based on protein rating—Approved method FO-1 (13).

4 Based on U.S. Food and Drug Administration (FDA) 21CFR101.9 (53).

¢ Unless otherwise indicated, calculations are based on RDI, as per schedule K of the Canadian Food and Drug Regulations (19).

f Protein rating of 20-39.9 = good source and 240 = excellent source (18).

& RACC based on FDA 21CFR101.12 (54).

h CPL = crude protein content (g)/RACC x PDCAAS (53).

T A CPL between 5 and 9.9 g/RACC (>10% of the daily value for protein) = good source of protein; a CPL > 10 g/RACC (220% of the daily value
for protein) = excellent source of protein (51,53). The daily value for protein in the United States is 50 g/day for individuals >4 years of age.

J When an RDI is not available, the reference amount for a food is used (3,14).

regulatory frameworks for protein nutrient content claims in true fecal nitrogen digestibility is also time-consuming and

Canada and the United States to ensure they align with dietary
guidance and do not confuse consumers.

Some disadvantages of the protein rating/PER method have
been discussed in this review, and it would seem that Canada’s
transition to PDCAAS as support for protein content claims
would be, at least in the interim, a logical approach for mod-
ernizing protein claim regulations. The CFIA has outlined that,
when PER values are not available, or when foods contain mul-
tiple protein ingredients, the PDCAAS methodology can be used.
Subsequent to deriving a PDCAAS for the food, the CFIA sug-
gests that the PDCAAS be multiplied by 2.5 (the PER for casein)
to derive an adjusted PER for the food, from which the protein
rating can be calculated (3). However, the conversion of PDCAAS
to PER outlined above has not been validated and does not nec-
essarily address the fundamental challenges inherent within Ca-
nadian regulations (25).

PDCAAS is also not without its challenges. As demonstrated
in Table III, some foods, such as black beans (no sauce and/or
not canned in liquid) and peas, which are suggested sources of
plant-based protein in the USDA Dietary Guidelines for Ameri-
cans (49), may not meet thresholds for protein content claims in
the United States. The use of rat balance studies to determine
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costly. The acceptance of in vitro methods to determine true
fecal nitrogen digestibility could be a solution to expedite the
determination of digestibility coefficients of new foods. Studies
by Nosworthy et al. (33-36) have demonstrated that, whereas in
vitro digestibility analysis underestimates nitrogen digestibility
compared with in vivo methods, coefficients of determination
between in vivo PDCAAS and theoretical PDCAAS are >0.9.
This relationship is illustrated in Figure 4 for pinto bean and
buckwheat flours subjected to various cooking and processing
methods (33). Results from Nosworthy et al. (33-36) suggest
that in vitro digestibility coefficients and regression analysis
can be used to derive the PDCAAS for foods to determine
whether they would qualify for a protein content claim in the
United States.

Moving forward, it is important to acknowledge recent dis-
cussions regarding the best approaches for determining the pro-
tein quality of foods. In 2013, the FAO and WHO introduced
the digestible indispensable amino acid score (DIAAS) (8), which
addresses the shortcomings of the PDCAAS (Table I). Similar to
the PDCAAS, the DIAAS uses the indispensable amino compo-
sition of a food and the indispensable amino acid requirements
of a reference population. However, rather than total fecal nitro-
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Fig. 3. A, Protein digestible corrected amino acid scores (PDCAASs) for pan bread, breakfast cereal, and pasta reformulated with whole yellow pea
flour. B, Corrected protein level per reference amount customarily consumed (RACC) for pan bread, breakfast cereal, and pasta reformulated with
whole yellow pea flour. Enlarged and circled markers represent tested reformulated foods for which a proportion of the total refined wheat flour in
the formulation was replaced with whole yellow pea flour (15% for pan bread, 53% for breakfast cereal, and 80% for dry pasta). Percentages next to
these markers indicate the change from baseline. Formulations were adapted from Chaudhary et al. (4). The dashed line in panel B is the corrected
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(10). The true fecal nitrogen digestibility (TFND) for whole wheat was used as a proxy for refined wheat (0.96) (10). The TFND for split peas (0.8794)
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of each IAA to total protein (25.26 g of protein/100 g) in split pea flour (37) was used to determine levels of IAAs per gram of whole yellow pea flour
(18.66 g of protein/100 g) (4). RACC per eating occasion for individuals >4 years of age: bread (50 g), breakfast cereal (40 g), and dry pasta (55 g) (54).
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gen digestibility, ileal indispensable amino acid digestibility co-
efficients are used, and DIAAS values for single foods are not
truncated at 1.0 (8,55). DIAAS values for mixed diets and sole-
source foods are truncated to prevent levels of protein in diets
or sole-source foods to appear higher than absolute levels. Fur-
ther, as a regulatory framework, it was suggested that foods would
only be eligible for a “source of protein” claim when the DIAAS
for a food is >0.75 (8). However, this threshold could further limit
the ability for high-protein plant-based foods to be identified as
a source of protein.

Although the DIAAS is a more accurate reflection of protein
quality, its utility within national regulatory frameworks requires
further assessment. Albeit limited in scope, a recent comparison
of the proposed DIAAS regulatory framework with current reg-

ulations for protein content claims in Canada and the United
States showed that plant-based foods currently able to be claimed
as a source of protein would not be permitted using the proposed
DIAAS framework (26). Thus, adoption of the DIAAS into reg-
ulatory frameworks could antagonize efforts to increase con-
sumption of plant-based protein. Sources of analytical error,
limited availability of data, the use of animals to substantiate
product claims, and upfront costs required to derive ileal di-
gestibility coefficients should also be considered (26,35). Pos-
sible effects on national nutrition policies and public health
would also require further assessment (26).

Other jurisdictions, as well as the Codex Alimentarius Com-
mission, use absolute levels of protein as support for identifying
foods as a source of protein (Table IV). In Australia and New
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Zealand, 5 g and 10 g per serving of food are thresholds for a
“general” and “good” source of protein claims, respectively (11),
whereas at least 12% energy/serving supports the lowest tier pro-
tein content claim in the EU (7) (Table IV). Codex standards (5),
China (30), and South Korea (28) recognize multiple qualifiers
for protein content claims when absolute levels of protein repre-
sent a proportion of the daily reference value for protein per 100 g,
100 mL, 100 keal, or serving.

In a recent commentary, the challenges associated with Cana-
da’s use of the protein rating method were discussed, and adop-
tion of a regulatory framework for protein claims underpinned
by absolute levels of protein was positioned as an option for reg-
ulatory modernization (25). Although there is no evidence to
suggest that protein claims supported by absolute levels of pro-
tein in a food have had negative effects on food choices and qual-
ity of diets, a risk assessment would be warranted before any reg-
ulatory change took effect. Furthermore, regulations that prevent
the addition of ingredients that contain single or a substantial
imbalance in amino acids may require consideration (25).

Conclusions

Dietary protein has received substantial attention over the last
decade. Given the linkages to health and environmental sustain-
ability, plant-based proteins are increasingly emphasized in di-
etary guidelines and are resonating with consumers. Although
industry stakeholders have responded with an influx of innova-
tive and reformulated foods that incorporate proteins from le-
gumes, seeds, nuts, and cereal grains, the regulatory environment
in North America can be a hurdle for communicating protein
content claims to consumers. Despite other jurisdictions that
use absolute protein levels to support protein content claims,
“source of protein” claims in Canada and the United States are
based on protein quality. Use of the protein rating/PER method
for determining the protein quality of foods marketed in Cana-
da can be more restrictive than the PDCAAS-based system used
in the United States. Thus, adoption of PDCAAS in Canada could
help address challenges associated with the protein rating/PER
method and further efforts to harmonize regulations. Moreover,
the acceptance of in vitro methods for determining the true fecal
nitrogen digestibility of protein, which is used to calculate the
PDCAAS, would also expedite innovation in both countries and
increase options for consumers by reducing the costly and time-
consuming testing required for in vivo methods. Although the
DIAAS has been put forward as a more accurate framework for

assessing the protein quality of foods, a comprehensive review
of its use in regulatory frameworks is required (26). The same
is true for replacing protein quality with protein content to sup-
port protein claims, which is currently practiced in various re-
gions with highly developed food systems (25). As dietary pat-
terns, health, and environmental well-being continue to be high-
lighted, regulatory frameworks must be adapted to help drive
changes in consumer behavior.
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