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Abstract: The benefits of higher-protein diets for supporting increases in and maintenance of muscle is well established for
athletes and routinely active individuals, weight management, and aging. However, quantity does not always equal quality.
Within the framework of the dietary recommendations, the critical role of protein quality has been lost given the
complexity of our food system. Science shows that animal-derived proteins better support muscle protein synthesis than
plant-based proteins due to higher amounts and unique profiles of essential amino acids, nutrients that cannot be made by
the body and must be provided in the diet. Although the lower quality of plant-based proteins may be overcome by eating
more total protein or blending complementary plant-based proteins to provide all of the essential amino acids in amounts
similar to animal protein, there may be unintended consequences in the context of the total diet (e.g., higher total calories,
challenges for weight management). This paper reviews recommendations and research specific to protein quantity and
quality in the context of meat’s contribution to healthy eating patterns and considers implications of protein source for
sustainability and the environment.
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Introduction

The characteristics of an eating pattern that optimizes
health outcomes while simultaneously being palat-
able, economically viable, sustainable, and environ-
mentally friendly across the lifespan and various
populations remain, for the most part, elusive.
Embedded in this conundrum is the role of meat in
healthy eating patterns given its widely valued role
as a high-quality protein source and nutrient-dense
food (Leroy and Cofnas, 2019; Willett et al., 2019;
Drewnowski et al., 2020). This paper emphasizes pro-
tein recommendations for improved health and
healthy aging, distinguishes protein quality from pro-
tein quantity, highlights the significance of essential

amino acid (EAA) availability to muscle protein uti-
lization, and extends the concept of EAA density to
the role of meat in healthy eating patterns. Emerg-
ing perspectives for protein source, sustainability,
and environmental impact are briefly considered in
the context of this report.

Protein Recommendations

Protein quantity

Fundamental to life, protein provides structural
components, EAA in particular, for numerous physio-
logical functions and optimal health. Structurally sim-
ilar to carbohydrate and fat in containing carbon,
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hydrogen, and oxygen, protein is unique in having
nitrogen, an integral element of the amino group, as
well as a respective Recommended Dietary Allow-
ance (RDA). With specific regard for the latter, the
requirement for dietary protein, or RDA (National
Research Council Subcommittee on the Tenth Edition
of the RecommendedDietary Allowances, 1989) is dis-
tinctly different from recommended protein intakes to
optimize health (Wolfe and Miller, 2008; Paddon-
Jones et al., 2015; Rodriguez and Miller, 2015).

Established in 1941, the RDA for protein (0.8 g/kg
body weight) for adults was based on meeting EAA
requirements and is an “estimate of the minimum daily
average dietary intake level that meets the nutrient
requirements of nearly all (97%–98%) healthy individ-
uals” (National Research Council Subcommittee on the
Tenth Edition of the Recommended Dietary Allow-
ances, 1989). Although the RDA for protein remains
intact, recommendations for the macronutrient compo-
sition of the diet relative to total energy intake were
launched in the inaugural publication of the Dietary
Reference Intakes as the Acceptable Macronutrient
Distribution Range (AMDR). The AMDR, expressed
as a percentage of total calorie intake for protein
(10%–35%), carbohydrate (45%–65%), and fat
(20%–35%), provides adequate amounts of essential
nutrients and is associated with reduced risk for chronic
disease (Institute of Medicine, 2005). Of significance
to this paper is evidence documenting protein intake
across the lifespan as adequate to meet the RDA, yet
consistently below the upper range of the AMDR
(Berryman et al., 2018). In addition, consuming protein
at the low range of the AMDR (i.e., 10%) may be inad-
equate and not meet the RDA for some populations
(Wolfe and Miller, 2008). The AMDR provides flexi-
bility in diet design and the opportunity to increase pro-
tein intake to amounts that exceed the RDA and are
associated with improved health outcomes. Documen-
tary evidence describes the benefits of consuming
higher amounts of dietary protein to facilitate the pre-
vention and management of chronic diseases such as
obesity, the sarcopenia of aging, and various cardiome-
tabolic disorders (i.e., type 2 diabetes, hypertension)
(Gaffney-Stomberg et al., 2009; Devkota and Layman,
2010; Evans et al., 2012; Layman et al., 2015;
Paddon-Jones et al., 2015; Rodriguez, 2015; Rod-
riguez and Miller, 2015). The challenge that currently
exists is that higher protein intakes alone may not be of
sufficient quality to meet requirements for EAA,
nutrients that are indispensable to the diet because they
cannot be made by the body.

Protein quality

When the RDA for protein was conceived, the
subcommittee considered requirements for the EAA
(National Research Council Subcommittee on the
Tenth Edition of the Recommended Dietary Allow-
ances, 1989), a fact that has been lost in translation over
recent years. In contemporary nutrition, protein intake
is typically characterized in the context of protein quan-
tity without consistent or specific regard for the EAA
that are the basis of protein quality. Complete proteins
provide all 9 EAA—histidine, isoleucine, leucine,
lysine, methionine phenylalanine, threonine, trypto-
phan, and valine. Yet not all complete proteins are of
equal quality. High-quality proteins are complete pro-
teins that provide sufficient amounts of all of the EAA
to support growth, development, and maintenance of
body tissues. While some plant proteins are complete
(i.e., pea protein), their EAA profile is limiting, or
low, in some EAA, making them insufficient for opti-
mal growth and development.

Meeting EAA requirements in the context of
healthy eating patterns is accomplished by incorporat-
ing complete, high-quality proteins such as lean meats,
eggs, and dairy foods at each meal. However, many
consumers have become reluctant to consume animal
proteins owing to concerns for increased risk for
cardiovascular and other chronic diseases (i.e., cancer),
as well as for sustainability of the environment (Katz
et al., 2019). Subsequently, plant-based protein sources
have become more prevalent in eating patterns charac-
terized as healthy and environmentally friendly
(Gardner et al., 2019; Katz et al., 2019; Mariotti
and Gardner, 2019; Willett et al., 2019). Whether rou-
tine consumption of primarily plant-based eating pat-
terns is EAA sufficient for optimal protein utilization
is not known.

The majority of work done to characterize the skel-
etal muscle protein synthetic response has been done
with high-quality protein sources (van Vliet et al.,
2015; Tessari et al., 2016; van Vliet et al., 2017).
Indeed, Borsheim and colleagues (Borsheim et al.,
2002, 2010) have demonstrated that only EAA are
needed to achieve a positive net protein balance (i.e.,
protein synthesis> protein breakdown), an anabolic
scenario. In addition, the EAA leucine is well docu-
mented as a nutrient signal, or trigger, that stimulates
muscle protein synthesis (Tessari et al., 2016). Our
group has successfully implemented this approach to
diet and exercise interventions to increase dietary leu-
cine intake and support whole body and skeletal muscle
protein synthesis (Bolster et al., 2005; Gaine et al.,
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2006; Pikosky et al., 2006; Pasiakos et al., 2010).Meat
—a complete, high-quality protein source that is EAA
and micronutrient dense—was incorporated into
healthy eating patterns for habitual consumption
throughout the various dietary intervention periods in
these studies.

Although available evidence demonstrates that
animal-derived proteins better support muscle protein
synthesis than plant-based proteins due to their higher
EAA content, the lower quality of plant-based proteins
may be overcome by consuming more total protein or
blending complementary plant-based proteins to obtain
sufficient amounts of EAA. However, simply increas-
ing protein intake to achieve sufficient EAA to promote
optimal muscle health may be accompanied by the
unintended consequence of additional calories. This
led us to consider EAA density represented by the
amount of EAA relative to total calories or total protein
as a novel approach for evaluating protein quality in
healthy eating patterns (Rodriguez and Miller, 2015).

EAA density

Protein quality, a critical concept in considering
nutrient density of foods, is not addressed in the
United States Department of Agriculture (USDA)
Dietary Guidelines for Americans (DGA). The DGA
definition of nutrient-dense foods focuses on foods that
“provide vitamins, minerals, and other substances that
contribute to adequate nutrient intakes” (Institute of
Medicine, 2005) without mention of EAA. This is a
critical oversight when considering the ounce equiva-
lents for the protein food group of the DGA.

USDA healthy eating patterns reference 1 ounce of
meat, poultry, or seafood, 1 egg, ¼ cup of beans or tofu,

1 tablespoon peanut butter, and ½ ounce of nuts as
1-ounce protein equivalents. Dietary exchanges for
protein equivalents should provide equal amounts of
protein and calories. With specific regard for protein
quality, consideration for EAA content is critical. In
reality, the aforementioned ounce equivalents contain
different amounts of protein, calories, and EAA. For
example, in considering the EAA density of 1-ounce
protein equivalents in meeting EAA requirements,
1 ounce of beef or 1 egg each provide ~20% of the daily
EAA requirement, whereas ¼ cup of cooked beans and
1 tablespoon of peanut butter provide approximately
1.4% and 0.5% of the EAA requirement, respectively.
Therefore approximately 5 ounces of beef, 5 hard-
boiled eggs, 18 cups of beans (i.e., chickpeas), or 50
tablespoons of peanut butter would need to be con-
sumed to meet the daily EAA requirement. The dis-
crepancies in protein quantity and protein quality
between plant and animal protein ounce equivalents
is more significant when calories are considered.
Therefore, an equal exchange of plant-based protein
sources for animal sources is not possible without com-
promising EAA adequacy or the calorie content of hea-
lthy eating patterns, especially for older populations.

We considered the EAA content, adequacy, and
density (the amount of EAA relative to total calories
or total protein) of animal- and plant-based protein
equivalents in the context of 4 USDA healthy eating
patterns—Omnivore, Vegetarian, Vegan Energy
Matched, and Vegan Protein Matched (Table 1)—
using the 1,600-calorie recommendation for a seden-
tary woman aged 51 years (Institute of Medicine,
2005) and found that the EAA content of all 4 meal
patterns met established EAA RDA (Figure 1; Fussell
et al., 2021). However, matching total protein to

Table 1. Energy and macronutrient content of omnivore, vegetarian, vegan energy matched, and vegan protein
matched meal patterns

Omnivore Vegetarian Vegan Energy Matched Vegan Protein Matched

Energy (kcal) 1,615 1,677 1,614 1,972

Fat (g) 58 57 58 68

Fat (% energy) 32% 31% 33% 31%

Carbohydrate (g) 212 234 230 278

Carbohydrate (% energy) 52% 56% 57% 56%

Protein (g) 75 73 56 73

Protein (% energy) 18% 18% 14% 15%

Protein (g/kg BW) 1.3 1.3 1.0 1.3

Animal Protein 49 38 0 0

Animal protein (% protein) 64% 52% 0 0

Plant Protein 20 35 56 73

Plant protein (% protein) 26% 48% 100% 100%

BW= body weight.
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accommodate recommended protein intakes for hea-
lthy aging resulted in an additional 300 calories for
the Vegan Protein Matched meal pattern.

EAA density—calculated for total protein
(Figure 2a) and for total calories (Figure 2b) for each
meal pattern—decreased moving from Omnivore to
Vegetarian to Vegan EnergyMatched to Vegan Protein
Matched meal patterns. The decline was more evident
when EAA density was expressed relative to total
calories (Fussell et al., 2021). Critically, the calorie cost
of obtaining adequate protein and meeting EAA
requirements from plant-based protein sources should
not be overlooked when developing and implementing
healthy eating patterns for older populations. This con-
cern persists with plant-based meal patterns aimed to
improve health while reducing environmental impact
(Gardner et al., 2019). In proposing meal scenarios that
depicted different options for the amount and source of
dietary protein as beneficial to environmental out-
comes, Gardner and colleagues were transparent with
regard to the additional calories needed to accommo-
date plant-based protein equivalents. The increased
calorie content of the alternative plates approximated
200 calories, which was not considered consequential
by the researchers. However, if the recommended
adjustments were made and the meal pattern became
habitual, the routine consumption of an additional
200 calories/d could elicit a 10- to 15-lb increase in
body weight annually. This hypothetical estimate high-
lights the challenges to designing calorie-efficient
healthy eating patterns for older men and women.

Summary and Recommendation

In recent years, there has been increased interest in
and sensitivity to the intersection of diet, health, and
sustainability (Gardner et al., 2019; Katz et al., 2019;
Leroy and Cofnas, 2019; Willett et al., 2019). A
thorough discussion of the role of protein sources in
particular and recommended healthy eating patterns
in general is outside of the purview of this paper.
Whether food patterns consisting primarily of plant-
based protein sources, or void of red meat in total, will
improve environmental outcomes is a contemporary
debate without resolution at this time (Godfray et al.,
2018). Such a leap of faith without sufficient scientific
evidence to support these dietary changes is ill advised.
The concept of sustainable agriculture is complex
and the impact of meat consumption on the environ-
ment oversimplified. Diet modeling that considers
increased plant-based protein sources suggests con-
cerns for micronutrient inadequacies (Cifelli et al.,
2016; Houchins et al., 2017). The latter combined with
unintentional increases in calorie intake would have
health consequences. Therefore, caution is required
when considering the removal of animal-derived pro-
teins from the diet.

Whole foods consumed in healthy eating patterns
—lean beef, dairy, and eggs—are rich sources of
leucine, have a more robust and consistent EAA pro-
file, and are more anabolic than their plant-based
counterparts (van Vliet et al., 2015). Maintenance of
muscle health and appropriate body composition are

Figure 1. Total essential amino acid (EAA) content of omnivore, vegetarian, vegan energymatched, and vegan proteinmatchedmeal patterns compared
with the Recommended Dietary Allowance (RDA).
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the foundation of healthy aging. The fact that additional
calories accompany higher-protein, EAA-adequate,
plant-based meal patterns requires further deliberation
with a regard for healthy aging. Most healthy men and
women should consume protein intakes above the
RDA for the prevention and management of chronic
disease, as well as the maintenance of muscle as they
grow older. Routine consumption of high-quality ani-
mal proteins assists in these directives, and as nutrient-
dense food sources, these proteins contribute to optimal
nutritional status. High-quality protein sources are
suitable for the design of healthy, nutrient-rich, and
calorie-conscious eating patterns. In moving forward,
caution is required in navigating the crossroads of

health, nutrition, sustainability, and the environment
given the limited scientific evidence to date.
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