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Research Snapshot 1 

Research Question: How can USDA dietary guidance for protein food substitutions be improved 2 

to align with the unique metabolic functions and requirements of the nine essential amino acids 3 

(EAAs), especially with the growing shift towards plant-based foods? 4 

Key Findings:  5 

This study underscores the non-interchangeable nature of EAAs and challenges generic use of 6 

total protein as a surrogate for amino acids in dietary recommendations. It utilizes the RDAs for 7 

the individual EAAs to demonstrate the limitations of the USDA protein ounce-equivalents for 8 

meeting dietary protein and EAA needs. The study characterizes the importance of a nutrient-9 

based understanding of protein quality and demonstrates use of the newly developed EAA-9 10 

Equivalence servings as a tool and resource for evaluating protein quality and developing nutrient-11 

rich diets. 12 

 13 
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Structured Abstract 14 

 15 

Background: 16 

The USDA Protein Food Ounce-equivalents are designed to identify plant sources of protein 17 

foods and provide serving size substitutions. While the ounce-equivalent concept is simple, it 18 

fails to generate equivalent exchanges for protein or essential amino acids (EAAs).  19 

 20 

Objective: 21 

To accurately define the EAA content of USDA protein food ounce-equivalents, to develop a 22 

more accurate food exchange list, and to evaluate the EAA-9 protein quality framework as a tool 23 

for determining precise EAA-equivalent substitutions.  24 

      25 

 26 

Design: 27 

The USDA National Nutrient Database (SR Legacy) and the EAA-9 protein quality model were 28 

used to evaluate the validity of the USDA Protein Food ounce-equivalents for creating 29 

equivalent protein and EAA substitutions. The EAA-9 framework then established EAA-9 30 

Equivalence serving sizes to meet EAA requirements. 31 

 32 

Main Outcomes: 33 

EAA composition in protein foods was assessed. EAA-9 Equivalence servings were developed. 34 

 35 

Analysis Performed: 36 

EAA composition was calculated for USDA protein food ounce-equivalents. EAA-9 scores were 37 

calculated for protein foods and compared using an egg's EAA composition as a standard. 38 
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MyPlate Kitchen Recipes were used to apply USDA protein food ounce-equivalent exchanges 39 

and EAA-9 equivalence servings.  40 

 41 

Results: 42 

The USDA protein food ounce-equivalents are not equivalent in protein or EAAs with the 43 

disparity ranging from one ounce-equivalent of chicken breast with 9.1 g of protein and 4.0 g of 44 

EAAs to one ounce-equivalent of almonds with 3.0 g of protein and 0.9 g of EAAs. Using the 45 

USDA serving of one egg as a standard for comparing protein food groups, less than 15% of 46 

beans, peas, and lentils and 0% of nuts and seed ounce-equivalents achieve the EAA 47 

composition of an egg. EAA-9 Equivalence servings are truly equivalent, with each serving 48 

providing a reliable and interchangeable protein source. The EAA-9 Equivalence servings have 49 

been calculated and are now available for all USDA SR Legacy foods with a complete EAA 50 

profile, offering a resource for exchanges that ensure EAA requirements are met. 51 

 52 

Conclusions: 53 

Creating ounce-equivalent substitutions for protein foods requires creating food exchanges that 54 

assure EAA requirements are met. The USDA Protein Food ounce-equivalents provide 55 

inadequate guidance for balancing EAA requirements.  56 

  57 
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Introduction 58 

Translating nutrition research into practical dietary advice is a complex endeavor. One of the 59 

most challenging examples is communicating the dietary requirements for the 20 amino acids 60 

that constitute our daily protein intake, some of which are categorized as dispensable while 61 

others are considered indispensable or essential amino acids (EAAs). Each EAA has unique 62 

dietary requirements, yet amino acid requirements are typically characterized as a single, 63 

collective protein requirement. However, all proteins and all protein-containing foods are not 64 

equivalent and do not provide the same balance of EAAs. The challenges and complexities of 65 

understanding EAA needs become more significant with the increased use of plant-based 66 

proteins.  67 

 68 

To address the complexity of providing adequate protein using diverse plant and animal foods, 69 

the USDA created the concept of protein food ounce-equivalents as a tool to help professionals 70 

and consumers comply with dietary guidelines.1 The USDA protein food ounce-equivalents are 71 

widely used as a basis for replacing animal-based protein foods with plant foods while 72 

maintaining dietary patterns that meet federal regulatory standards.2,3  The USDA defines one 73 

ounce-equivalent of protein as 1 ounce of cooked lean meat, poultry, or seafood; 1 egg; 1/4 cup 74 

of cooked beans, peas or lentils; ¼ cup (about 2 ounces) of tofu; 1 ounce tempeh, cooked; 1 75 

tablespoon of peanut butter; or 1/2 ounce of nuts or seeds. The USDA MyPlate website 76 

provides a table listing protein foods as one ounce-equivalents.4 The 2020-2025 Dietary 77 

Guidelines for Americans (Dietary Guidelines) further reinforced the current ounce-equivalents 78 

approach.1 79 

 80 

 Current USDA protein food ounce-equivalents inaccurately represent protein and EAA 81 

contents. 82 

 83 
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Although the concept of ounce-equivalents offers a simple method for identifying protein-rich 84 

foods when creating meals, the designated protein food ounce-equivalents are not equivalent in 85 

either protein quantity or quality reflecting lack of recognition of EAA requirements. This issue 86 

has been highlighted in previous publications.5–8  87 

 88 

The serving sizes selected for ounce-equivalents were not designed to be truly equal in protein 89 

quantity or quality or to adequately reflect amino acid composition. Instead, servings were 90 

determined based on common usage and the composition of overall calories, fat, and protein, 91 

with the primary goal of avoiding overconsumption of calories and fat rather than meeting 92 

dietary protein or EAA requirements.9,10 93 

 94 

Evaluating the protein and EAA contents for some of the USDA ounce-equivalent food groups 95 

highlights the inconsistency. For example, 1 egg, 1 tablespoon peanut butter, and ½ ounce of 96 

almonds are recommended as ounce-equivalents.4 While the ounce-equivalent designations for 97 

these three foods are roughly equivalent in total calories, they differ greatly in protein quality. 98 

Total protein for egg, peanut butter, and almonds contain 6.3g, 3.9g, and 3.0g total protein 99 

respectively. They differ even more in EAA composition, providing a respective 2.8g, 1.0g, and 100 

0.9g of total EAAs.11  101 

 102 

We recently created a new scoring framework, EAA-9, as a tool for better understanding protein 103 

quality and for use in evaluating food choices and meal creation.12,13 EAA-9 scoring produces a 104 

transparent, scalable, and additive approach to evaluating the potential of multi-ingredient foods 105 

and meals to meet EAA requirements. This framework produces a score that serves 4 distinct 106 

yet connected functions. The EAA-9 scoring framework (1) enables comparison of protein 107 

quality among different foods; (2) allows for personalization based on EAA needs associated 108 

with age, metabolic conditions, and physical activity; (3) expresses protein quality as a simple 109 
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percentage of EAA requirements; and (4) ultimately yields a score that reflects the fulfillment of 110 

EAA recommended dietary allowances (RDAs).  111 

 112 

The objectives of this study are to evaluate the use of USDA protein food ounce-equivalents, to 113 

evaluate their application in creating diets that prioritize protein quality to meet EAA 114 

requirements, and to provide a resource of protein food exchange servings that are truly 115 

equivalent in EAAs and ensure protein quality is accounted for in dietary guidance. This study 116 

employs the EAA-9 scoring model to assess the adequacy of current USDA protein food ounce-117 

equivalents and to evaluate these serving recommendations in the context of USDA Dietary 118 

Guideline Recommendations using MyPlate Kitchen Recipes.14 Leveraging the EAA-9 score, 119 

the study develops the concept of EAA-9 Equivalence servings, specifically designed to serve 120 

the needs of healthcare professionals in creating EAA complete plant-based diets. This updated 121 

and comprehensive resource of EAA-9 Equivalence servings ensures that when used, 122 

specifically in creating plant based diets, EAA content of foods is truly equivalent and enables 123 

each food to serve as a reliable and interchangeable protein source. 124 

 125 

Methods 126 

 127 

Mapping USDA ounce-equivalent protein foods to SR Legacy foods with EAA profiles 128 

 129 

The USDA National Nutrient Database for Standard Reference, Legacy Release (SR Legacy) 130 

was used to evaluate the amino acid profiles associated with the USDA protein food ounce-131 

equivalence concept by comparing foods with known EAA composition.11  The USDA SR Legacy 132 

food composition data were downloaded from FoodData Central (FDC) (in JavaScript Object 133 

Notation [JSON] format on 5/27/2022) to obtain foods with complete EAA profiles. As described 134 

by FDC, these EAA values may differ in accuracy because they are derived from multiple 135 
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sources including direct analyses, calculations, and published literature. Next, protein foods 136 

were identified from MyPlate Ounce-Equivalent of Protein Foods table,4 which provides 104 137 

foods with ounce-equivalent descriptions (such as “1-ounce cooked lean beef” and “¼ cup of 138 

baked beans”). A Registered Dietitian Nutritionist (RDN) mapped these 104 protein food 139 

descriptions to equivalent SR Legacy foods based on description and nutritional composition, 140 

mappings were cross checked by a second RDN. Nearly half of the generic USDA protein food 141 

descriptions (48 out of 104) were each mapped to multiple specific SR Legacy foods. For 142 

example, the USDA protein food description “Tofu” was mapped to similar SR Legacy foods 143 

such as firm tofu, silken tofu, or freeze-dried tofu. This mapping accommodates the generic 144 

nature of USDA protein food categories and the specificity of SR Legacy foods. 145 

 146 

Evaluating EAA Composition and USDA MyPlate Kitchen Recipes using the EAA-9 score  147 

 148 

To evaluate use of the USDA protein food ounce-equivalents and demonstrate the application of 149 

the EAA-9 scoring framework for creation of EAA-9 Equivalence servings, three representative 150 

USDA MyPlate Kitchen Recipes were selected from the MyPlate website,14–17 with each meal 151 

designed to align with the standard healthy American dietary pattern.1 A trained RDN performed 152 

protein food ounce-equivalent exchanges following the guidelines outlined on the USDA 153 

MyPlate protein food description web page.4 Protein food ounce-equivalents were chosen by 154 

replacing animal-based protein foods, including dairy products,18 with plant-based alternatives 155 

while maintaining the recipe's flavor and intended meal characteristics. The goal was to create 156 

an appetizing alternative that reflects how a dietitian typically uses ounce-equivalent 157 

substitutions in practice. The amino acid composition of plant-based dairy alternatives that were 158 

not present in the SR Legacy database were collected from FoodData Central Foundation foods 159 

(downloaded in JSON format on 8/25/23).19  160 

 161 
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Identification of a protein food standard for defining EAA-9 Equivalence serving sizes 162 

 163 

Translating the RDA for protein or for EAAs into serving sizes for diverse foods requires 164 

selecting a reference food. For the purpose of this analysis, we chose to use a 50 g chicken egg 165 

that is considered a standard serving size within the USDA guidelines and represents a one 166 

ounce-equivalent serving. Historically, eggs have been considered a representation of a “perfect 167 

protein” food due to their nutritional characteristics.20–23 Eggs are notable for their high density 168 

and ideal balance of EAAs and ease of digestibility.21 It is worth emphasizing that while we have 169 

chosen an egg as the standard for our calculations, other high quality proteins such as 1 ounce 170 

of chicken breast or 1 ounce of salmon could be used as standards when calculating EAA-9 171 

Equivalences.  172 

 173 

Calculations of EAA-9 scores and EAA-9 Equivalence serving sizes 174 

 175 

The EAA-9 score is based on comparison with the RDA requirements for each of the EAAs 176 

using the EAA-9 framework. Using the EAA-9 score for an egg as the standard, one serving 177 

(i.e., one egg) represents ~15% of the daily EAA requirements. That EAA-9 score can then be 178 

used in an additive approach to meet EAA requirements and evaluate protein quality for 179 

individual foods or complete meals.  180 

 181 

Figure 1 illustrates calculation of the EAA-9 score and, subsequently, the EAA-9 Equivalence 182 

serving size for an egg and peanut butter. The egg, with its balanced EAA profile, was used as 183 

a standard serving size for calculating the EAA-9 Equivalence serving size for peanut butter. 184 

The calculation steps are presented below.  185 

 186 
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1. Calculate the EAA-9 score. The EAA-9 scoring method defines the amount of each EAA 187 

in a select serving of food as the percentage of its RDA and then expresses the food 188 

score as a single percentage for the most limiting EAA. This example uses the RDA for 189 

the EAAs as defined by the National Academies for Science.24  However, the EAA-9 190 

framework is designed for personalized nutrition with flexibility in selection of higher or 191 

lower requirements for any individual amino acid.  192 

 193 

2. Calculate the EAA-9 Equivalence serving size for an individual food. This example 194 

illustrates the calculation for peanut butter using an egg as a standard for comparison. 195 

For each food, the EAA-9 score represents the lowest percentage score among the 9 196 

EAAs. For an egg, the limiting amino acid is histidine, and a single egg provides 15.77% 197 

of the daily RDA. Because the score is based on the most limiting EAA, the score 198 

guarantees that the food exceeds that percentage for the other 8 EAAs. The limiting 199 

amino acid in peanut butter is lysine and the USDA ounce-equivalent of 1 Tbsp provides 200 

4.04% of the daily RDA for the EAAs. The USDA ounce-equivalents of peanut butter has 201 

an EAA-9 density of approximately one-fourth of an egg. To be equivalent to an egg, the 202 

serving size for peanut butter needs to be increased to 4 Tbsp.  203 

 204 

Development of an EAA-9 Equivalence Servings Table as a Resource for Dietary Planning 205 

 206 

EAA-9 Equivalence serving sizes were determined for all foods in the SR Legacy database that 207 

had non-zero values for all 9 EAAs (including the conditionally essential EAAs cysteine and 208 

tyrosine) and protein; these scores were then used to calculate EAA equivalent serving sizes. 209 

Values are provided as both the exact calculated EAA-9 Equivalence serving sizes and rounded 210 

to the nearest practical serving size for use in diet creation. The calculated EAA-9 Equivalence 211 
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servings are available for immediate use and download on Mendeley Data 212 

(https://doi.org/10.17632/xwwsmncckr.4).25  213 

 214 

Results 215 

 216 

Amino acid profiles mapped from SR Legacy to USDA protein food ounce-equivalents 217 

 218 

In total, 93 USDA protein foods were included in this analysis relating to a total of 532 SR 219 

Legacy amino acid profiles. Of the original 104 USDA protein foods, 11 could not be mapped to 220 

an equivalent SR Legacy food and were therefore not included in this analysis. These foods 221 

were: pork lunch or deli meat, cooked bear meat, cooked moose meat, cooked opossum meat, 222 

cooked venison meat, cooked pheasant, cooked quail, cooked hake, cooked sole, canned 223 

freshwater trout, and canned herring. Servings provided in household measurements (e.g., 224 

tablespoon, cup, or patty) were converted into standard metric values (weight in grams) for 225 

calculating amino acid profiles. The list of protein foods and corresponding SR Legacy 226 

mappings can be found on Mendeley Data (https://doi.org/10.17632/xwwsmncckr.4).25 227 

 228 

Evaluation of macronutrient content of USDA protein food ounce-equivalents 229 

 230 

Table 1 illustrates the differences in macronutrient content for foods spanning the USDA ounce-231 

equivalent food groups. While the calorie content of the ounce-equivalents is similar across food 232 

groups, the protein and EAA contents vary greatly. An ounce-equivalent of animal-derived food 233 

provides more than 6.0 g of protein and more than 2.8 g of EAA, while the plant-foods provide 234 

less than 5.0 g of protein and less than 2.0 g of EAA. The differences in the ounce-equivalents 235 

ranged from chicken breast with 9.1 g of protein and 4.0 g of EAAs to almonds with 3.0 g of 236 

protein and 0.9 g of EAAs. The relative EAA concentration in the food groups also varies, with 237 
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the animal proteins ranging from 40.3% to 44.6% and the plant proteins ranging from 26.2% to 238 

41.2%. 239 

 240 

Comparison of EAA-9 scores for USDA protein food ounce-equivalents to the EAA-9 score of a 241 

standard egg 242 

 243 

For a comparison of the USDA protein food ounce-equivalents, protein foods were categorized 244 

according to the USDA-designated food groups and then compared with the EAA-9 score of the 245 

egg standard.4 Figure 2 illustrates that the USDA ounce-equivalents are not equivalent for EAA 246 

within food groups, especially in the case of plant sources of protein. For instance, 0% of nuts 247 

and seed ounce-equivalent foods provide the equivalent EAA composition of a standard egg. 248 

 249 

Evaluating EAA Composition of USDA MyPlate Kitchen Recipes through EAA-9 score  250 

 251 

MyPlate Kitchen Recipes are designed to encourage food choices emphasized in the Dietary 252 

Guidelines for Americans.14 Following USDA protein food exchange recommendations, 253 

substituting animal foods with plant-derived protein foods leads to a decrease in the EAA-9 254 

score. Figure 3 provides examples from three MyPlate Kitchen Recipes to illustrate changes 255 

associated with substituting cow’s milk, chicken breast, or cheese with soy milk and beans 256 

respectively.  257 

 258 

Examining Figure 2 in detail, the first column represents plant and animal protein foods from the 259 

original MyPlate Kitchen Recipes. The EAA-9 score indicates that the protein foods from these 260 

recipes exceeds the minimum EAA requirements and provides 141% of the RDA. The second 261 

column demonstrates use of the USDA protein food ounce-equivalents to substitute animal 262 

protein foods for plant protein foods. While the calories remain similar (602 to 620 kcals), the 263 

Jo
urn

al 
Pre-

pro
of

https://paperpile.com/c/o9m54G/NE7d5
https://paperpile.com/c/o9m54G/ZuYs2


12 

EAA content drops from 141% to 63% of recommendations. In the third column, when EAA-9 264 

scores are used to match the EAA content of the original MyPlate Recipes, the plant-based 265 

protein substitutions require increasing both total protein and total calories. 266 

 267 

Healthy vegetarian diets often address the EAA imbalance by using complementary protein 268 

foods. An example of complementary plant proteins would be the combined use of beans and 269 

rice. Beans are legumes limiting in methionine but adequate in lysine, while rice is a grain 270 

limiting in the EAA lysine but is adequate in methionine.26 Hence a 50/50 combination would 271 

serve to, at least in part, provide complementary proteins. This example is provided in Figure 4.  272 

While rice and beans represent complementary proteins, rice has low EAA density (i.e., 273 

EAAs/serving) reducing both total EAAs and total protein compared to the kidney beans alone. 274 

Ultimately, although those complementary proteins create a better balance of EAAs, the plant-275 

based meal still requires more total protein and more total calories to meet EAA requirements. 276 

Full nutrient composition and mappings of foods in MyPlate Kitchen Recipes are provided on 277 

Mendeley Data (https://doi.org/10.17632/xwwsmncckr.4).25  278 

 279 

Expansion and Implementation of EAA-9 Equivalence Servings 280 

 281 

The EAA-9 Equivalence formula allows us to directly evaluate the EAA composition of any food 282 

and to generate comparative serving sizes for meal creation. Unlike the USDA ounce-283 

equivalents framework which fixes the serving size based on calories, saturated fat, added 284 

sugars, and sodium in addition to protein content 27, the EAA-9 Equivalence servings 285 

standardize the EAA content based on the EAA RDAs and then defines serving size, total 286 

protein and calories. Table 2 provides a representative list of USDA protein foods. For meats 287 

and fish, the USDA ounce-equivalents and EAA-9 Equivalence servings are relatively similar, 288 

with the EAA-9 Equivalences having slightly lower serving sizes and calories. However, plant-289 
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based protein food sources require serving sizes two to four times larger than the USDA ounce-290 

equivalents to achieve EAA-9 Equivalence. The calories required to obtain EAA-9 Equivalence 291 

for USDA protein foods ranges from 22 calories for haddock to 647 calories for walnuts. Table 3 292 

provides a select list of practical EAA-9 Equivalent serving sizes, designed to be easily 293 

implemented into dietary planning. 294 

 295 

The EAA-9 Equivalence formula was applied to all SR Legacy foods with non-zero values for all 296 

EAA and protein (n=4,735). This comprehensive list of both exact and practical (rounded) EAA-297 

9 Equivalence serving sizes are available as open access for viewing and download on 298 

Mendeley Data (https://doi.org/10.17632/xwwsmncckr.4).25 299 

 300 

Discussion 301 

 302 

Although all amino acids serve as fundamental building blocks for the formation of new proteins, 303 

it is important to recognize that each EAA also has unique metabolic functions with optimum 304 

intake defined beyond the minimum requirement for building new proteins.12 Each EAA is a 305 

unique nutrient in the same way each vitamin is unique, and like vitamins the minimum intake to 306 

prevent deficiency is not necessarily the optimum for health. Prevailing consumer-oriented 307 

dietary guidelines, including the USDA MyPlate recommendations, tend to oversimplify the role 308 

of amino acids by treating them as interchangeable components within the broader category of 309 

"protein-rich foods." Consequently, the critical concept that amino acids are distinct nutrients 310 

with diverse functions has not been adequately integrated into current nutritional 311 

recommendations. While this may not affect individuals who consume animal protein, the 312 

disregard for protein quality becomes problematic for those following plant-based or vegan 313 

diets. 314 

 315 

Jo
urn

al 
Pre-

pro
of

https://paperpile.com/c/o9m54G/69G9v
https://paperpile.com/c/o9m54G/ZMKhT


14 

This study underscores the limitations of the USDA ounce-equivalents for characterizing protein 316 

sources, particularly when transitioning from animal-based to plant-based proteins. National 317 

Health and Nutrition Examination Survey (NHANES) data  document that Americans who select  318 

more plant-based diets decrease both the quantity and quality of protein intake.28 Table 1 319 

illustrates that use of the existing USDA ounce-equivalent system would be expected to further 320 

dilute the EAA content and protein quality of the American diet.  321 

 322 

Metabolic evaluation of USDA protein food ounce-equivalents 323 

 324 

Failure to recognize the EAA compositions of these “ounce-equivalent” foods creates potential 325 

for metabolic dysregulation. Although the health risks of long-term suboptimal EAA intakes 326 

remain largely unknown, this is at least in part because dietary surveys generally obscure 327 

changes in EAA intakes by focusing solely on total protein. Future research needs to recognize 328 

the physiologic and metabolic roles of individual EAA. Recent studies highlight potential 329 

metabolic risks associated with use of the USDA protein ounce-equivalents for dietary 330 

guidance.7,8,29   331 

 332 

Park et. al.7 investigated the anabolic responses to consumption of USDA defined ounce-333 

equivalents of protein food sources. The study concluded that the metabolic response to protein 334 

intake varied based on the source of protein consumed. Consuming ounce-equivalents from 335 

animal-based protein sources resulted in a significantly greater gain in whole-body net protein 336 

balance (the difference between protein synthesis and breakdown) compared to ounce-337 

equivalents from plant-based protein sources, with nearly a 5-fold difference observed between 338 

eggs and almonds. The magnitude of the whole-body net anabolic response was directly 339 

correlated with the EAA content of the protein food source and was reflected in post-meal 340 

changes in plasma EAAs. The authors concluded that the "ounce-equivalents of protein food 341 
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sources as expressed in the Dietary Guidelines are not metabolically equivalent.”7  More 342 

recently, Connolly et al. evaluated the effects of consuming USDA ounce-equivalent portions of 343 

pork, eggs, black beans, or almonds on postprandial EAA bioavailability in both young and older 344 

adults.8 The study revealed that consuming recommended portions of animal-based protein 345 

sources, such as meat, poultry, and fish, resulted in a greater availability of EAAs compared to 346 

consuming the same ounce-equivalent quantity of plant-based protein sources, such as 347 

legumes or nuts. The authors concluded that ounce-equivalent portions of animal and plant-348 

based protein foods as defined by the USDA do not provide the same EAA content or produce 349 

equivalent postprandial bioavailable EAA for either young or older adults.8 350 

 351 

These findings were extended by Pinckaers et al.,29 who evaluated the muscle protein synthesis 352 

response of older adults to ingestion of an omnivore versus a vegan meal designed to be 353 

isocaloric and isonitrogenous. Each meal provided 600 kcal and 36 grams of protein, and the 354 

meals were similar in total fiber, carbohydrates and fat. The vegan meal consisted of high-355 

quality plant proteins including quinoa, chickpea, soybeans and broad beans presented as a 356 

“protein bowl” meal while the omnivore meal consisted of beef (flank steak), green beans and 357 

potatoes. The omnivore meal produced a 127% greater post-meal increase in plasma EAAs and 358 

approximately a 50% greater anabolic response in muscle protein synthesis. These authors 359 

concluded that in whole food meals while the dietary protein amount was the same, the post-360 

meal anabolic response was not equivalent for the plant and animal protein foods.  361 

 362 

USDA ounce-equivalents have far-reaching impacts 363 

 364 

The use of ounce-equivalents in the field of nutrition and public health is widespread and deeply 365 

integrated into dietary guidelines. The USDA protein food ounce-equivalents play a pivotal role 366 

in federal regulations concerning nutrition and public health. They are used not only in the 367 
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Dietary Guidelines but also in establishing the nutritional requirements for various federal 368 

nutrition programs, including the National School Lunch Program and the Special Supplemental 369 

Nutrition Program for Women, Infants, and Children (WIC).2,3,30 Furthermore, these ounce-370 

equivalents are used by insurance providers, such as Medicare and Medicaid, for defining 371 

reimbursement guidelines for nutrition care.31 In clinical settings, medical professionals and 372 

Registered Dietitian Nutritionists prescribe specific amounts of protein foods to patients with 373 

conditions such as chronic kidney disease or diabetes, relying on the USDA ounce-374 

equivalents.32 In the unique case of kidney disease, the goal is to consume adequate EAAs 375 

from food while keeping total protein no higher than the required amount. This is a difficult task 376 

when total protein alone is used as a proxy. Additionally, the USDA protein food ounce-377 

equivalents are a vital component of the Healthy Eating Index (HEI), a tool used to evaluate the 378 

overall quality of an individual's diet based on adherence to federal dietary guidelines.33 These 379 

examples showcase the extensive reliance on the USDA protein food ounce-equivalents for 380 

practical dietary guidance, impacting virtually every individual in the United States in some 381 

capacity. 382 

 383 

Limitations 384 

 385 

This study highlights the differences in EAA density between animal and plant-derived foods, 386 

but how should this knowledge be translated into practical food recommendations? What is the 387 

EAA target for a single serving size? For the purpose of this study, we used one egg as a 388 

standard for evaluating serving sizes. An egg is a high-quality protein food that provides 15.77% 389 

of the RDA for EAAs per serving. Alternative selections could have been 1 ounce of beef sirloin, 390 

salmon, or chicken breast (Table 2) with EAA-9 scores of 16.25%, 18.0%, and 24.9%, 391 

respectively. Using these three EAA-dense protein foods as the serving size standard (Figure 2) 392 

generates EAA-9 Equivalence serving sizes for peanut butter of 4.02, 4.46, and 6.16 393 
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tablespoons, respectively. The selection of an egg as the standard is a conservative choice that 394 

provides reasonable guidelines for food substitutions (Table 3). Future research on personalized 395 

nutrition needs to address optimal EAA requirements and nutrient density, considering age, 396 

gender, physical activity, and health status, to fully understand true food equivalences for EAAs 397 

and other essential nutrients. In this study, the EAA-9 scoring framework was used to determine 398 

EAA-9 equivalences, which reflect a food's ability to meet EAA RDAs. The decision to set the 399 

EAA-9 score to meet the RDA (rather than the EAR) was based on standard practice for 400 

nutrition labeling, per FDA guidelines, representing the minimum amount required to prevent 401 

deficiency in 97.5% of the population which emphasizes the importance of protein quality in 402 

dietary planning.34 403 

 404 

Conclusion 405 

 406 

This study recognizes the critical role of EAAs as distinct metabolic nutrients and implements a 407 

more practical understanding of protein quality for food choices. Our goal was to incorporate 408 

EAAs into the protein food ounce-equivalent concept, offering nutrition professionals a valuable 409 

resource of EAA equivalent servings to support a protein quality focus in dietary planning. 410 

Despite protein historically serving as a proxy for EAAs in dietary guidelines, advancing 411 

understanding of amino acid metabolism underscores the necessity of considering EAAs 412 

individually for accurate dietary recommendations, beyond total protein. The need for an 413 

accurate protein food exchange system that accounts for protein quality is increasingly critical 414 

as more people incorporate plant-based foods into diets. Professionals and consumers alike 415 

require support to ensure they can achieve adequate protein and EAA intake to maintain 416 

optimal nutrition. In this study, the EAA-9 scoring framework was used to evaluate USDA 417 

MyPlate Kitchen Recipes, revealing limitations in current guidelines and showcasing EAA-9's 418 

versatility in assessing foods, meals, and diets. Finally, we applied the EAA-9 protein quality 419 
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scoring framework and adjusted USDA ounce-equivalent measures to achieve true protein 420 

equivalence to create the EAA-9 Equivalence serving sizes. EAA-9 Equivalence serving sizes 421 

are accurate dietary protein exchanges and the resource of calculated servings (all around 422 

15%) can be used additively to meet EAAs needs, offering a scoring system where the sum of 423 

EAA-9 Equivalence servings reaching 100% signifies meeting all nine EAA RDAs.  All practical 424 

EAA-9 Equivalent serving sizes can be accessed and are available for download at Mendeley 425 

Data (https://doi.org/10.17632/xwwsmncckr.4). This study highlights EAAs' significance and 426 

advocates for their full integration into protein scoring and dietary guidance, enhancing the 427 

precision and effectiveness of dietary recommendations. 428 

 429 

Data Availability Statement: 430 

The data that support the findings of this study are available in Mendeley Data at 431 

https://doi.org/10.17632/xwwsmncckr.4.25 These data were derived from the following resources 432 

available in the public domain: MyPlate Protein Foods,1 SR Legacy,11 MyPlate Recipes,15–17 433 

FoodData Central Foundation Foods,19 and the 2005 Dietary Reference Intakes.24434 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.17632/xwwsmncckr.3
https://paperpile.com/c/o9m54G/69G9v
https://paperpile.com/c/o9m54G/dkYwr
https://paperpile.com/c/o9m54G/OKYK5+x0lhV+3dddP
https://paperpile.com/c/o9m54G/kAnT9
https://paperpile.com/c/o9m54G/VNxGS


19 

References 435 

[1] U.S. Department of Agriculture and U.S. Department of Health and Human Services. 436 

Dietary Guidelines for Americans, 2020-2025. 9th Edition. U.S. Department of Agriculture; 437 

2020. http://www.dietaryguidelines.gov/ 438 

[2] U.S. Department of Agriculture, Food and Nutrition Service. Meats/Meat Alternates. In: 439 

Child Nutrition Programs, Nutrition, Education, Training, and Technical Assistance Division, 440 

Food and Nutrition Service, U.S. Department of Agriculture, ed. Food Buying Guide for 441 

Child Nutrition Programs. Vol 634. FNS. USDA; 2022:1-6. 442 

https://www.fns.usda.gov/tn/food-buying-guide. Accessed October 17, 2023 443 

[3] National Academies of Sciences, Engineering, and Medicine, Institute of Medicine, Food 444 

and Nutrition Board, Committee to Review WIC Food Packages. Review of WIC Food 445 

Packages: Proposed Framework for Revisions: Interim Report. National Academies Press; 446 

2016. https://play.google.com/store/books/details?id=yg4MDgAAQBAJ 447 

[4] U.S. Department of Agriculture. USDA MyPlate Protein Foods Group - One of the Five 448 

Food Groups: Ounce Equivalent of Protein Foods Table. USDA MyPlate. 449 

https://www.myplate.gov/eat-healthy/protein-foods. Accessed December 15, 2022 450 

[5] Courtney-Martin G. False equivalence or fake news: is a peanut really an egg? J Nutr. 451 

2021;151(5):1055-1056. doi:10.1093/jn/nxab051 452 

[6] Gwin JA, Carbone JW, Rodriguez NR, Pasiakos SM. Physiological Limitations of Protein 453 

Foods Ounce Equivalents and the Underappreciated Role of Essential Amino Acid Density 454 

in Healthy Dietary Patterns. J Nutr. 2021;151(11):3276-3283. doi:10.1093/jn/nxab262 455 

[7] Park S, Church DD, Schutzler SE, Azhar G, Kim IY, Ferrando AA, et al. Metabolic 456 

Jo
urn

al 
Pre-

pro
of

http://paperpile.com/b/o9m54G/N7HQ9
http://paperpile.com/b/o9m54G/N7HQ9
http://paperpile.com/b/o9m54G/N7HQ9
http://paperpile.com/b/o9m54G/N7HQ9
http://paperpile.com/b/o9m54G/N7HQ9
http://www.dietaryguidelines.gov/
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/BnM40
https://www.fns.usda.gov/tn/food-buying-guide.
http://paperpile.com/b/o9m54G/BnM40
http://paperpile.com/b/o9m54G/EiFVx
http://paperpile.com/b/o9m54G/EiFVx
http://paperpile.com/b/o9m54G/EiFVx
http://paperpile.com/b/o9m54G/EiFVx
http://paperpile.com/b/o9m54G/EiFVx
http://paperpile.com/b/o9m54G/EiFVx
https://play.google.com/store/books/details?id=yg4MDgAAQBAJ
http://paperpile.com/b/o9m54G/NE7d5
http://paperpile.com/b/o9m54G/NE7d5
https://www.myplate.gov/eat-healthy/protein-foods.
http://paperpile.com/b/o9m54G/NE7d5
http://paperpile.com/b/o9m54G/oVURY
http://paperpile.com/b/o9m54G/oVURY
http://paperpile.com/b/o9m54G/oVURY
http://paperpile.com/b/o9m54G/oVURY
http://dx.doi.org/10.1093/jn/nxab051
http://paperpile.com/b/o9m54G/Bp343
http://paperpile.com/b/o9m54G/Bp343
http://paperpile.com/b/o9m54G/Bp343
http://paperpile.com/b/o9m54G/Bp343
http://paperpile.com/b/o9m54G/Bp343
http://dx.doi.org/10.1093/jn/nxab262
http://paperpile.com/b/o9m54G/74mve


20 

Evaluation of the Dietary Guidelines’ Ounce Equivalents of Protein Food Sources in Young 457 

Adults: A Randomized Controlled Trial. The Journal of Nutrition. 2021;151(5):1190-1196. 458 

doi:10.1093/jn/nxaa401 459 

[8] Connolly G, Hudson JL, Bergia RE, Davis EM, Hartman AS, Zhu W, et al. Effects of 460 

Consuming Ounce-Equivalent Portions of Animal- vs. Plant-Based Protein Foods, as 461 

Defined by the Dietary Guidelines for Americans on Essential Amino Acids Bioavailability in 462 

Young and Older Adults: Two Cross-Over Randomized Controlled Trials. Nutrients. 463 

2023;15(13). doi:10.3390/nu15132870 464 

[9] Marcoe K, Juan W, Yamini S, Carlson A, Britten P. Development of food group composites 465 

and nutrient profiles for the MyPyramid Food Guidance System. J Nutr Educ Behav. 466 

2006;38(6 Suppl):S93-S107. doi:10.1016/j.jneb.2006.05.014 467 

[10] Britten P, Lyon J, Weaver CM, Kris-Etherton PM, Nicklas TA, Weber JA, et al. MyPyramid 468 

food intake pattern modeling for the Dietary Guidelines Advisory Committee. J Nutr Educ 469 

Behav. 2006;38(6 Suppl):S143-S152. doi:10.1016/j.jneb.2006.08.004 470 

[11] Haytowitz DB, Ahuja JKC, Wu X, Somanchi M, Nickle M, Nguyen QA, et al. USDA National 471 

Nutrient Database for Standard Reference, Legacy Release. In: FoodData Central.  472 

Nutrient Data Laboratory, Beltsville Human Nutrition Research Center, ARS, USDA; 2019.  473 

https://doi.org/10.15482/USDA.ADC/1529216. Accessed May 27, 2022. 474 

[12] Forester SM, Jennings-Dobbs EM, Sathar SA, Layman DK. Perspective: Developing a 475 

Nutrient-Based Framework for Protein Quality. J Nutr. 2023;153(8):2137-2146. 476 

doi:10.1016/j.tjnut.2023.06.004 477 

[13] Forester SM, Jennings-Dobbs EM, Sathar SA, Layman DK. Reply to D Tome and A 478 

Kurpad. J Nutr. Published online October 6, 2023. doi:10.1016/j.tjnut.2023.10.002 479 

Jo
urn

al 
Pre-

pro
of

http://paperpile.com/b/o9m54G/74mve
http://paperpile.com/b/o9m54G/74mve
http://paperpile.com/b/o9m54G/74mve
http://paperpile.com/b/o9m54G/74mve
http://paperpile.com/b/o9m54G/74mve
http://dx.doi.org/10.1093/jn/nxaa401
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://paperpile.com/b/o9m54G/Ka2ps
http://dx.doi.org/10.3390/nu15132870
http://paperpile.com/b/o9m54G/TU9j0
http://paperpile.com/b/o9m54G/TU9j0
http://paperpile.com/b/o9m54G/TU9j0
http://paperpile.com/b/o9m54G/TU9j0
http://paperpile.com/b/o9m54G/TU9j0
http://dx.doi.org/10.1016/j.jneb.2006.05.014
http://paperpile.com/b/o9m54G/zDfnE
http://paperpile.com/b/o9m54G/zDfnE
http://paperpile.com/b/o9m54G/zDfnE
http://paperpile.com/b/o9m54G/zDfnE
http://paperpile.com/b/o9m54G/zDfnE
http://dx.doi.org/10.1016/j.jneb.2006.08.004
http://paperpile.com/b/o9m54G/ZMKhT
http://paperpile.com/b/o9m54G/ZMKhT
http://paperpile.com/b/o9m54G/ZMKhT
http://paperpile.com/b/o9m54G/ZMKhT
http://paperpile.com/b/o9m54G/ZMKhT
http://dx.doi.org/10.1016/j.tjnut.2023.06.004
http://paperpile.com/b/o9m54G/ae6Mo
http://paperpile.com/b/o9m54G/ae6Mo
http://paperpile.com/b/o9m54G/ae6Mo
http://paperpile.com/b/o9m54G/ae6Mo
http://dx.doi.org/10.1016/j.tjnut.2023.10.002


21 

[14] U.S. Department of Agriculture. About Us. MyPlate. https://www.myplate.gov/about-480 

us#:~:text=MyPlate%20Kitchen%20provides%20recipes%20and,Nutrition%20Assistance%481 

20Program%20(SNAP). Accessed July 1, 2024 482 

[15] Chicken Waldorf Salad | MyPlate. MyPlate. https://www.myplate.gov/recipes/myplate-483 

cnpp/chicken-waldorf-salad. Accessed December 2, 2022 484 

[16] Rice Bowl Breakfast with Fruit and Nuts | MyPlate. MyPlate. 485 

https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/rice-486 

bowl-breakfast-fruit-and-nuts. Accessed December 2, 2022 487 

[17] Easy Stuffed Pasta Shells | MyPlate. MyPlate. 488 

https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/easy-489 

stuffed-pasta-shells. Accessed December 2, 2022 490 

[18] Hess J, Slavin J. Defining “Protein” Foods. Nutr Today. 2016;51(3):117-120. 491 

doi:10.1097/NT.0000000000000157 492 

[19] U.S. Department of Agriculture (USDA), Agricultural Research Service. FoodData Central: 493 

Foundation Foods. Published online April 2023. https://fdc.nal.usda.gov/. Accessed August 494 

25, 2023 495 

[20] Food and Agriculture Organization of the United Nations. Protein Quality Evaluation: Report 496 

of the Joint FAO/WHO Expert Consultation, Bethesda, Md., USA 4-8 December 1989. Food 497 

& Agriculture Org.; 1991. https://play.google.com/store/books/details?id=ieEEPqffcxEC 498 

[21] Layman DK, Rodriguez NR. Egg Protein as a Source of Power, Strength, and Energy. Nutr 499 

Today. 2009;44(1):43. doi:10.1097/NT.0b013e3181959cb2 500 

[22] Puglisi MJ, Fernandez ML. The Health Benefits of Egg Protein. Nutrients. 2022;14(14). 501 

Jo
urn

al 
Pre-

pro
of

http://paperpile.com/b/o9m54G/ZuYs2
https://www.myplate.gov/about-us#:~:text=MyPlate%20Kitchen%20provides%20recipes%20and,Nutrition%20Assistance%20Program%20(SNAP).
https://www.myplate.gov/about-us#:~:text=MyPlate%20Kitchen%20provides%20recipes%20and,Nutrition%20Assistance%20Program%20(SNAP).
https://www.myplate.gov/about-us#:~:text=MyPlate%20Kitchen%20provides%20recipes%20and,Nutrition%20Assistance%20Program%20(SNAP).
http://paperpile.com/b/o9m54G/ZuYs2
http://paperpile.com/b/o9m54G/OKYK5
https://www.myplate.gov/recipes/myplate-cnpp/chicken-waldorf-salad.
https://www.myplate.gov/recipes/myplate-cnpp/chicken-waldorf-salad.
http://paperpile.com/b/o9m54G/OKYK5
http://paperpile.com/b/o9m54G/x0lhV
http://paperpile.com/b/o9m54G/x0lhV
https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/rice-bowl-breakfast-fruit-and-nuts.
https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/rice-bowl-breakfast-fruit-and-nuts.
http://paperpile.com/b/o9m54G/x0lhV
http://paperpile.com/b/o9m54G/3dddP
http://paperpile.com/b/o9m54G/3dddP
https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/easy-stuffed-pasta-shells.
https://www.myplate.gov/recipes/supplemental-nutrition-assistance-program-snap/easy-stuffed-pasta-shells.
http://paperpile.com/b/o9m54G/3dddP
http://paperpile.com/b/o9m54G/po8f5
http://paperpile.com/b/o9m54G/po8f5
http://paperpile.com/b/o9m54G/po8f5
http://paperpile.com/b/o9m54G/po8f5
http://dx.doi.org/10.1097/NT.0000000000000157
http://paperpile.com/b/o9m54G/kAnT9
http://paperpile.com/b/o9m54G/kAnT9
https://fdc.nal.usda.gov/
http://paperpile.com/b/o9m54G/kAnT9
http://paperpile.com/b/o9m54G/kAnT9
http://paperpile.com/b/o9m54G/pq74c
http://paperpile.com/b/o9m54G/pq74c
http://paperpile.com/b/o9m54G/pq74c
http://paperpile.com/b/o9m54G/pq74c
http://paperpile.com/b/o9m54G/pq74c
https://play.google.com/store/books/details?id=ieEEPqffcxEC
http://paperpile.com/b/o9m54G/yCQGZ
http://paperpile.com/b/o9m54G/yCQGZ
http://paperpile.com/b/o9m54G/yCQGZ
http://paperpile.com/b/o9m54G/yCQGZ
http://dx.doi.org/10.1097/NT.0b013e3181959cb2
http://paperpile.com/b/o9m54G/0sT93
http://paperpile.com/b/o9m54G/0sT93
http://paperpile.com/b/o9m54G/0sT93


22 

doi:10.3390/nu14142904 502 

[23] Ghosh S. Protein Quality in the First Thousand Days of Life. Food Nutr Bull. 2016;37 Suppl 503 

1:S14-S21. doi:10.1177/0379572116629259 504 

[24] Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty 505 

Acids, Cholesterol, Protein, and Amino Acids. Vol 102. 2005th ed. National Academies 506 

Press; 2005:589-768. doi:10.17226/10490 507 

[25] Forester SM, Reyes EM, Layman DK. Data from: Defining Protein Equivalents for Plant and 508 

Animal-Derived Foods. Mendeley Data. Published online 5 Aug 2024. 509 

doi:10.17632/xwwsmncckr.4 510 

[26] Rutherfurd SM, Fanning AC, Miller BJ, Moughan PJ. Protein digestibility-corrected amino 511 

acid scores and digestible indispensable amino acid scores differentially describe protein 512 

quality in growing male rats. J Nutr. 2015;145(2):372-379. doi:10.3945/jn.114.195438 513 

[27] 2020 Dietary Guidelines Advisory Committee and Food Pattern Modeling Team. Food 514 

Pattern Modeling: Ages 2 Years and Older. Published online July 15, 2020. 515 

https://www.dietaryguidelines.gov/sites/default/files/2020-516 

07/FoodPatternModeling_Report_2YearsandOlder.pdf. Accessed June 24, 2024 517 

[28] Marinangeli CPF, Miller K, Fulgoni VL 3rd. Effect of increasing plant protein intake on 518 

protein quality and nutrient intake of US adults. Appl Physiol Nutr Metab. 2023;48(1):49-61. 519 

doi:10.1139/apnm-2022-0054 520 

[29] Pinckaers PJ, Domić J, Petrick HL, Holwerda AM, Trommelen J, Hendriks FK, et al. Higher 521 

Muscle Protein Synthesis Rates Following Ingestion of an Omnivorous Meal Compared 522 

with an Isocaloric and Isonitrogenous Vegan Meal in Healthy, Older Adults. J Nutr. 523 

Published online November 15, 2023. doi:10.1016/j.tjnut.2023.11.004 524 

Jo
urn

al 
Pre-

pro
of

http://paperpile.com/b/o9m54G/0sT93
http://dx.doi.org/10.3390/nu14142904
http://paperpile.com/b/o9m54G/fkSOQ
http://paperpile.com/b/o9m54G/fkSOQ
http://paperpile.com/b/o9m54G/fkSOQ
http://paperpile.com/b/o9m54G/fkSOQ
http://dx.doi.org/10.1177/0379572116629259
http://paperpile.com/b/o9m54G/VNxGS
http://paperpile.com/b/o9m54G/VNxGS
http://paperpile.com/b/o9m54G/VNxGS
http://paperpile.com/b/o9m54G/VNxGS
http://paperpile.com/b/o9m54G/VNxGS
http://dx.doi.org/10.17226/10490
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://paperpile.com/b/o9m54G/69G9v
http://dx.doi.org/10.17632/xwwsmncckr.3
http://dx.doi.org/10.17632/xwwsmncckr.3
http://paperpile.com/b/o9m54G/fqgFU
http://paperpile.com/b/o9m54G/fqgFU
http://paperpile.com/b/o9m54G/fqgFU
http://paperpile.com/b/o9m54G/fqgFU
http://paperpile.com/b/o9m54G/fqgFU
http://dx.doi.org/10.3945/jn.114.195438
http://paperpile.com/b/o9m54G/luoM2
http://paperpile.com/b/o9m54G/luoM2
https://www.dietaryguidelines.gov/sites/default/files/2020-07/FoodPatternModeling_Report_2YearsandOlder.pdf.
https://www.dietaryguidelines.gov/sites/default/files/2020-07/FoodPatternModeling_Report_2YearsandOlder.pdf.
http://paperpile.com/b/o9m54G/luoM2
http://paperpile.com/b/o9m54G/n6scG
http://paperpile.com/b/o9m54G/n6scG
http://paperpile.com/b/o9m54G/n6scG
http://paperpile.com/b/o9m54G/n6scG
http://paperpile.com/b/o9m54G/n6scG
http://dx.doi.org/10.1139/apnm-2022-0054
http://paperpile.com/b/o9m54G/FtRzh
http://paperpile.com/b/o9m54G/FtRzh
http://paperpile.com/b/o9m54G/FtRzh
http://paperpile.com/b/o9m54G/FtRzh
http://paperpile.com/b/o9m54G/FtRzh
http://paperpile.com/b/o9m54G/FtRzh
http://dx.doi.org/10.1016/j.tjnut.2023.11.004


23 

[30] 7 CFR Part 210- NATIONAL SCHOOL LUNCH PROGRAM. eCRF. 525 

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-II/subchapter-A/part-210. Accessed 526 

March 10, 2023 527 

[31] Tunis S, Phurrough S, Stojak M, Chin J, Madeline U. NCA - Medical Nutrition Therapy 528 

Benefit for Diabetes & ESRD (CAG00097N) - Decision Memo. Centers for Medicare & 529 

Medicaid Services. Published February 28, 2002. https://www.cms.gov/medicare-coverage-530 

database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=53. Accessed October 531 

17, 2023 532 

[32] Cupisti A, Gallieni M, Avesani CM, D’Alessandro C, Carrero JJ, Piccoli GB. Medical 533 

Nutritional Therapy for Patients with Chronic Kidney Disease not on Dialysis: The Low 534 

Protein Diet as a Medication. J Clin Med Res. 2020;9(11). doi:10.3390/jcm9113644 535 

[33] Reedy J, Lerman JL, Krebs-Smith SM, Kirkpatrick SI, Pannucci TE, Wilson MM, et al. 536 

Evaluation of the Healthy Eating Index-2015. J Acad Nutr Diet. 2018;118(9):1622-1633. 537 

doi:10.1016/j.jand.2018.05.019 538 

[34] Department of Health and Human Services (US), Food and Drug Administration. Food 539 

labeling: revision of the nutrition and supplement facts labels; rule. 21 CFR §101. Docket 540 

No. FDA-2012-N-1210. Final rule. Fed Regist. 2016 May 27;81(103):33742-999. Document 541 

No.: 2016-11867. RIN: 0910-AF22. Available from: https://www.federalregister.gov/d/2016-542 

11867. Accessed 2024 Nov 14.  543 

Jo
urn

al 
Pre-

pro
of

http://paperpile.com/b/o9m54G/t3y7G
http://paperpile.com/b/o9m54G/t3y7G
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-II/subchapter-A/part-210.
http://paperpile.com/b/o9m54G/t3y7G
http://paperpile.com/b/o9m54G/t3y7G
http://paperpile.com/b/o9m54G/Z1asy
http://paperpile.com/b/o9m54G/Z1asy
http://paperpile.com/b/o9m54G/Z1asy
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=53.
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=53.
http://paperpile.com/b/o9m54G/Z1asy
http://paperpile.com/b/o9m54G/Z1asy
http://paperpile.com/b/o9m54G/1f9Vu
http://paperpile.com/b/o9m54G/1f9Vu
http://paperpile.com/b/o9m54G/1f9Vu
http://paperpile.com/b/o9m54G/1f9Vu
http://paperpile.com/b/o9m54G/1f9Vu
http://dx.doi.org/10.3390/jcm9113644
http://paperpile.com/b/o9m54G/EsctW
http://paperpile.com/b/o9m54G/EsctW
http://paperpile.com/b/o9m54G/EsctW
http://paperpile.com/b/o9m54G/EsctW
http://paperpile.com/b/o9m54G/EsctW
http://dx.doi.org/10.1016/j.jand.2018.05.019


24 

Figure legends 544 

Figure 1: Calculating the EAA-9 score and EAA-9 Equivalence serving size a, b, 545 

a. Step 1. The EAA-9 score is expressed as a percentage, representing the lowest quantity 546 

of an essential amino acid (the limiting amino acid) in relation to its RDA. This example 547 

illustrates the EAA requirements for a 70 kg adult,24 and the limiting amino acids are 548 

histidine for the egg (fdc_id:171287) and lysine for the peanut butter (fdc_id:174294). 549 

b. Step 2. The EAA-9 Equivalence serving size for peanut butter is calculated as a ratio of 550 

the EAA-9 score for the standard egg compared with the score for peanut butter. The 551 

ratio reflects that peanut butter provides ¼ of the EAAs contained in the egg and the 552 

EAA-9 Equivalence serving size is 4 Tbsp. 553 

 554 

Figure 2: Comparing EAA-9 scores: USDA protein food ounce-equivalents versus a 555 

standard egg 556 

a. The 0% intercept represents the EAA-9 score of a standard chicken egg.  Foods below 557 

the egg intercept have an EAA-9 score lower than the standard egg (15.77%).  558 

b. Of the 532 SR Legacy foods, 9 were categorized into multiple groups (such as chicken 559 

deli meat which is in both “Meats” and “Poultry”). Additional variability within food groups 560 

can be attributed to the mapping of generic protein food ounce-equivalents to specific 561 

SR Legacy food profiles. For example, the “Egg” protein food group includes eggs from 562 

different species (e.g. chicken, quail, etc…), egg whites, and different cooking 563 

preparations (e.g. scrambled, poached, etc…).   564 

 565 

Figure 3: Protein Food Substitutions applied to MyPlate Kitchen Recipes 566 
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a. Three MyPlate Kitchen Recipes 15–17 illustrate how total protein, calories, and the EAA-9 567 

score change when applying USDA ounce-equivalents and EAA-9 Equivalence serving 568 

size substitutions. MyPlate Kitchen recipes are designed to encourage food choices 569 

emphasized in the Dietary Guidelines for Americans.14 This example is not intended to 570 

represent complete daily nutritional recommendations only to highlight protein-rich foods. 571 

For the purposes of this example, protein foods include the USDA protein food groups 572 

plus dairy and grains. 573 

b. In the center column, animal-based protein foods from the original MyPlate Kitchen 574 

Recipes are substituted with plant-based protein foods using USDA protein food ounce-575 

equivalents as directed in the “Ounce-Equivalent of Protein Foods Table.”4 576 

c.  In the third column, animal-based protein foods from the original MyPlate recipes are 577 

substituted with servings of plant-based protein foods which were determined by scaling 578 

the serving to achieve equivalent EAA-9 scores to the original MyPlate Recipe protein 579 

foods.  580 

d. Values shown in the "Total Nutrient Metrics of Protein Foods" panel, represent the sum 581 

of nutrients provided by protein foods only, they do not represent the entire recipe. In 582 

total, non-protein foods accounted for less than 5 grams of protein. Food composition 583 

data obtained from SR Legacy11 and FoodData Central Foundation Foods.19 Complete 584 

nutrient composition and mappings of protein foods in MyPlate Kitchen Recipes are 585 

provided on Mendeley Data (https://doi.org/10.17632/xwwsmncckr.4). 25 586 

 587 

Figure 4: Complementary plant-based protein food substitutions applied to a MyPlate 588 

Kitchen Recipe 589 
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a. The original protein foods in the Chicken Waldorf Salad MyPlate Kitchen Recipe (as 590 

depicted in Figure 2), along with their associated calories, EAA-9 score, and total 591 

protein, are shown in black and white. EAA-9 score was calculated cumulatively, 592 

meaning amino acid content of the protein foods were combined before score 593 

calculation. 594 

b. The first row (shown in red) displays USDA protein food ounce-equivalents for (a) the 595 

original substitution of chicken with kidney beans (as depicted in Figure 2) and (b) a 596 

complementary plant-based substitution of chicken with a 50/50 rice and bean 597 

combination. The rice and bean pairing was selected based on complementary limiting 598 

amino acids, with the intent of creating a balanced plant-based protein exchange. 599 

c. The second row (shown in green) displays the EAA-9 Equivalence servings for (a) the 600 

original chicken to kidney bean substitution (as shown in Figure 2) and (b) the 601 

complementary plant-based substitution of rice and beans. The EAA-9 Equivalence 602 

serving for the rice-and-beans combination was calculated by scaling the serving to 603 

match the EAA-9 score of the original protein foods in the Chicken Waldorf Salad recipe 604 

(EAA-9 = 95%). 605 
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Step 1: Calculate the EAA-9 scores a

The EAA-9 scoring method defines the amount of each EAA in a serving of food as the percentage 
of its RDA and then expresses the food score as the single percentage for the most limiting EAA.  

EAA-9 Score = % of limiting EAA (  
His (mg/svg)

His RDA
, Ile (mg/svg)

Ile RDA
, Leu (mg/svg)

Leu RDA
, Lys (mg/svg)

Lys RDA
, Met + Cys (mg/svg)

Met+ Cys RDA
, 

 Phe + Tyr (mg/svg)

Phe + Tyr RDA
,  Thr (mg/svg)

Thr RDA
,  Trp (mg/svg)

Trp RDA
,  Val (mg/svg)

Val RDA
) 

 EAA-9 Score of 1 egg

= % of limiting EAA( 
154.50

980
, 

355.50
1330

, 
545.00
2940

, 
456.00
2660

, 
326.00
1330

,  
589.50
2310

,  
287.00
1400

,    )
429.00
1680

 

= % of limiting EAA( 

, 
83.50
350

 
=  15.77%

15.77%, 26.73%, 18.54%, 17.14%,  24.51%, 25.25%, 20.50%,  23.86%,  25.54%)

EAA-9 Score of 1 tbsp peanut butter  

= % of limiting EAA( 
88

980
,

 97.28
1330

,
 244.80

2940
,  107.52

2660
,

 78.08
1330

,
  321.44

2310
,

  82.88
1400

,
  36.48

350
,

  123.68
1680

 ) 

= % of limiting EAA( 

 4.04% =

  8.98%,   7.31%,   8.33%,    4.04%,   5.87%,  13.92%,   5.92%,  10.42%,  7.36%)

Target Food Protein Food Standard

Peanut 
Butter

Serving size  =  1 tbsp (16 g)
EAA-9 Score =  4.04%

Egg

Serving size  =  1 Egg (50 g)
EAA-9 Score =   15.77%

EAA-9 Equivalence serving size  =  serving size of target food ×
EAA-9 Score of standard
EAA-9 Score of target food

    1 tbsp (16 g)
×

15.77%
4.04%

=
3.90 tbsp (62.46 g)  
or  ~4 tbsp

=

EAA-9 Equivalence offers an approach to assess foods and serving sizes while ensuring they meet 
amino acid targets.

Step 2: Calculate the EAA-9 Equivalence serving size b

Histidine (His) 980; Isoleucine (Ile) 1330; Leucine (Leu) 2940; Lysine (Lys) 2660; Methionine + Cystine (Met + Cys) 1330; 
Phenylalanine + Tyrosine (Phe + Tyr) 3210; Threonine (Thr) 1400; Tryptophan (Trp) 350; Valine (Val) 1680

RDAs (mg/70kg/d):

His Ile Leu Lys Met+Cys Phe+Tyr Thr Trp Val

His Ile Leu Lys Met+Cys Phe+Tyr Thr Trp Val
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86.2%

65.2%

36.5% 36.4%

14.3%

13.8%

34.8%

63.5% 63.6%

100.0%

85.7%

100%

80%

60%

40%

20%

0%

20%

40%

60%

80%

100%

0%

Meats Poultry Seafood Eggs Beans, peas, & lentils Nuts & seeds
(n=362) (n=23) (n=74) (n=11) (n=49) (n=22)

EAA-9 < standard egg
EAA-9 ≥ standard egg a

USDA Protein Food Group b
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MyPlate Kitchen
Recipes a

USDA Protein Food
Ounce-equivalents b

Servings Determined
by EAA-9 Score c

Cooked 
brown rice

1/4 cup

Chopped 
walnuts
1 Tbsp

Cooked 
brown rice

1/4 cup

Chopped 
walnuts
1 Tbsp

Cooked 
brown rice

1/4 cup

Chopped 
walnuts
1 Tbsp

Chopped 
walnuts
2 Tbsp

Chopped 
walnuts
2 Tbsp

Chopped 
walnuts
2 Tbsp

Uncooked 
pasta shells

0.75 oz

Uncooked 
pasta shells

0.75 oz

Uncooked 
pasta shells

0.75 oz

Cottage 
cheese
1.5 Oz

Shredded 
mozzarella

3 Tbsp

White 
beans
1/4 cup

White 
beans

3/4 cup

R
ec
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1:
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rf 
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d 
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a 
Sh
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Chopped cooked 
chicken breast
3/4 cup (3.7 oz)

Kidney 
beans
1 cup

Kidney 
beans

2 3/4 cup

Nonfat milk
1/4 cup

Soy milk
1/4 cup

Soy milk
1/4 cup

141%

63%

148%

602 kcal 620 kcal

1148 kcal

53.2 g
30.5 g

72.3 g
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Original a: 
Protein foods in MyPlate Recipe

Chopped cooked 
chicken breast
3/4 cup (3.7 oz)

Chopped 
walnuts
2 Tbsp

Single food exchange:
Chicken exchanged for kidney beans

Kidney 
beans
1 cup

Chopped 
walnuts
2 Tbsp

Complementary EAA food Exchange:
Chicken exchanged for kidney beans and brown rice

Chopped 
walnuts
2 Tbsp

Cooked 
brown rice

1/2 cup

U
SD

A
 P

ro
te

in
 F

oo
d 

O
un

ce
-E

qu
iv

al
en

ts
 b

EA
A

-9
 E

qu
iv

al
en

ce
Se

rv
in

gs
 c

Chopped 
walnuts
2 Tbsp

Chopped 
walnuts
2 Tbsp

Cooked 
brown rice
2 1/2 cup

Kidney 
beans

2 3/4 cup

Kidney 
beans

1/2 cup

Kidney 
beans

2 1/2 cup

298 kcal |  EAA-9: 33% | 17.8 g protein 306 kcal |  EAA-9: 21% | 12.3 g protein 

1151 kcal |  EAA-9: 95% | 52.7 g protein 710 kcal |  EAA-9: 95% | 49.6 g protein 

260 kcal |  EAA-9: 95% | 35.9 g protein 
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Table 1. Calories, macronutrients, and EAAa in USDA ounce-equivalent protein 

foodsb 

 One USDA 

ounce-

equivalent 

Calories Protein Carbohydrates Fat Total 

EAA 

EAA/Protein 

  kcal g % 

Chicken 

Breast 

1 ounce 

(28.3g) 

44 9.1 0.0 0.9 4.0 44.0 

Beef 

Sirloin  

1 ounce 

(28.3g) 

52 8.7 0.0 1.6 3.5 40.3 

Salmon 1 ounce 

(28.3g) 

43 7.0 0.0 1.5 2.9 42.0 

Egg 1 egg (50g) 72 6.3 0.4 4.8 2.8 44.6 

Tofu 2 ounces 

(56.7g) 

43 4.6 1.1 2.7 1.9 41.2 

Kidney 

Beans 

¼ cup 

(44.3g) 

56 3.8 10.1 0.2 1.5 39.6 

Lentils ¼ cup 

(49.5g) 

57 4.5 10.0 0.2 1.6 35.6 

Split Peas ¼ cup (49g) 58 4.1 10.4 0.2 1.5 36.6 

Peanut 

Butter 

1 tbsp (16g) 94 3.9 3.5 8.0 1.0 26.2 

Almonds ½ ounce 

(14.2g) 

82 3.0 3.1 7.1 0.9 29.6 

Sunflower 

Seeds 

½ ounce 

(14.2g) 

88 2.4 2.9 8.1 0.9 37.9 

a EAA, essential amino acids 
b Food composition data from SR Legacy11; fdc_ids:  chicken breast - 171140, beef sirloin - 

168634, salmon - 172001, egg- 171287, tofu - 172476, kidney beans - 175194, lentils - 172421, 

split peas -172429,  peanut butter -  174294,  almonds - 170567, sunflower seeds - 170154. 
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Table 2. USDA ounce-equivalents compared to EAA-9 Equivalences a 

 USDA ounce-equivalents EAA-9 Equivalences 

 Serving Size Kcal  EAA-9 Score 

(limiting EAA) 

Serving Size Kcal 

Chicken Breast 1 ounce 44 24.90% 

(Met + Cys) 

0.63 ounce 28 

Beef Sirloin 1 ounce 52 16.25% 

(Trp) 

0.97 ounce 50 

Salmon 1 ounce 43 18.00% 

(Leu) 

0.88 ounce 38 

Egg 1 Egg 72 15.77%  

(Met + Cys) 

1 egg 72 

Tofu ¼ cup  

(2 ounces) 

43 5.84% 

(Met + Cys) 

0.68 cup  

(5.40 ounces) 

116 

Kidney Beans ¼ cup 56 7.45% 

(Met + Cys) 

0.53 cup 119 

Lentils ¼ cup 57 7.26% 

(Met + Cys) 

0.54 cup 125 

Split Peas ¼ cup 58 7.81% 

(Met + Cys) 

0.50 cup 117 

Peanut Butter 1 tbsp 94 4.04% 

(Met + Cys) 

3.91 tbsp 368 

Almonds ½ ounce 82 3.03% 

(Met + Cys) 

2.60 ounce 427 

Sunflower Seeds ½ ounce 88 3.77% 

(Lys) 

1.90 ounce 332 

a Nutrient composition from SR Legacy data11; fdc_ids:  chicken breast - 171140, beef sirloin - 

168634, salmon - 172001, egg- 171287, tofu - 172476, kidney beans - 175194, lentils - 172421, 

split peas -172429,  peanut butter -  174294,  almonds - 170567, sunflower seeds - 170154. A full 

list of foods and amino acid composition is available on on Mendeley Data 

(https://doi.org/10.17632/xwwsmncckr.3) 25 
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Table 3. Practical EAA-9 Equivalences a 

 USDA ounce-

equivalent Serving 

Size 

EAA-9 

Equivalence 

Serving Size 

Chicken 

Breast 

1 ounce 1 ounce 

Beef Sirloin 1 ounce 1 ounce 

Salmon 1 ounce 1 ounce 

Egg 1 Egg 1 Egg 

Tofu ¼ cup  

(2 ounces) 

¾ cup  

(5 ½ ounces) 

Kidney Beans ¼ cup ¾ cup 

(3 ½ ounces) 

Lentils ¼ cup (¾ cup) 

4 ounces 

Split Peas ¼ cup ¾ cup 

(3 ½ ounces) 

Peanut Butter 1 tbsp 4 tbsp 

Almonds ½ ounce 3 ounces 

Sunflower 

Seeds 

½ ounce 2 ½ ounces 

 
a EAA-9 Equivalences rounded up to the nearest practical serving. Nutrient composition from SR 

Legacy data11; fdc_ids:  chicken breast - 171140, beef sirloin - 168634, salmon - 172001, egg- 

171287, tofu - 172476, kidney beans - 175194, lentils - 172421, split peas -172429,  peanut 

butter -  174294,  almonds - 170567, sunflower seeds - 170154. A full list of foods and amino 

acid composition is available on on Mendeley Data (https://doi.org/10.17632/xwwsmncckr.3) 25  
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