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Industry Summary:  
The 2015-2020 Dietary Guidelines for Americans (DGA) recommends how much “Protein Foods” should 
be consumed per day and per week as part of a Healthy U.S.-Style Eating Pattern. The predominant 
protein sources include lean meats, poultry, and eggs, along with nuts, seeds, and soy products. “Ounce-
equivalents” (oz-eq) are used as a standard unit of measure to compare animal to non-animal protein 
sources. One oz-eq of lean meat (1 oz) is equal to 0.5 oz of nuts (1 oz-eq), 0.25 cups (1 oz-eq) of beans, 
and one whole egg (1 oz-eq). One limitation of this unit of measure is that the protein quantity and quality 
of the foods are not considered. For example regarding protein quantity, 1 oz-eq of pork loin contains ~7 
g of dietary protein whereas 1 oz-eq of almonds contains ~3 g of protein. Protein quality is based on the 
essential amino acid (EAA) composition of a protein as it relates to human needs and the ability of the 
protein to be digested, absorbed, and retained by the body1. Of the 20 amino acids in body protein, 9 are 
considered essential as they cannot be made within the human body and must be provided from the diet, 
whereas the other 11 amino acids are considered non-essential as they can be made within the human 
body. Animal-derived protein foods contain all of the EAAs required by humans, whereas plant-based 
protein foods, other than soy, are lacking in one or more of the EAAs2. This is an important distinction as 
the EAA content of a protein containing food or a meal is the primary determining factor in the anabolic 
response (building new proteins in the body) to feeding3,4. This has important implications for muscle and 
whole-body health. Consequently, consuming one oz-eq portion of protein foods from different sources 
could have different effects on the anabolic response to feeding. The purpose of this study was to assess 
the effect of consuming ounce-equivalent portions of fresh lean pork versus nuts, beans, and eggs on how 
much essential amino acids get into the bloodstream and are available for building proteins in young 
adults. In this investigator-blinded, randomized crossover study, 30 participants (15 male, 15 female; age: 
26 ± 4.9 y; BMI: 26.4 ± 4.5 kg/m2; mean ± SE) completed four testing sessions where they consumed a 
standardized test salad on each day with 2 oz-eq of lean pork, whole eggs, canned black beans, or sliced 
raw almonds. Blood samples were taken at baseline (prior to beginning meal consumption) and at 30, 60, 
120, 180, 240, and 300 minutes after consuming the salad. Plasma from the blood samples were analyzed 
for amino acid concentrations. The results showed that consuming a meal with 2 oz-eq of lean pork or 
whole egg resulted in a greater essential amino acid availability over the 5-hour period following the meal 
compared to a meal with 2 oz-eq of black beans or almonds. In addition, pork resulted in greater essential 
amino acid availability over a 5-hour period compared to egg. In conclusion, based on the oz-eq concept  
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used for the DGA, the protein sources included in this study, namely lean pork, whole egg, black beans, 
and almonds, are not equivalent regarding plasma essential amino acids availability for protein anabolism 
in young adults, in response to being consumed as part of a meal. More specifically on an oz-eq basis, 
lean pork provides a greater resonse than whole egg, followed by black beans and almonds, in terms of its 
ability to provide plasma essential amino acids as a substrate for protein anabolism. This research serves 
as an important resource for future Dietary Guidelines Advisory Committees to reevaluate the 
appropriateness of equating Protein Foods based on protein ounce-equivalents. Animal-derived protein-
rich foods, including fresh lean pork and whole eggs, are excellent sources of amino acids needed to build 
new proteins in a person’s body. 
 
For additional information contact Wayne W. Campbell, PhD, Professor, Department of Nutrition 
Science, Purdue University, 765-494-8236, campbeww@purdue.edu. 

 
Keywords:  Protein, plasma amino acids, animal protein, plant-based protein, 
 
Scientific Abstract:  This should be a scientific description limited to one page in length to describe your 
project and its results.   
 
Background: 
Introduction: The Dietary Guidelines for Americans (DGA) provides recommendations for a variety of 
“Protein Foods” to meet protein requirements based on “ounce equivalents” (oz-eq). However, no study 
has evaluated protein sources included in the “Protein Foods Group” of the DGA on an oz-eq basis as part 
of a meal. 
Objective: The objective of this study was to assess the effects of consuming ounce equivalent portions 
of fresh pork versus nuts, beans, and eggs, as defined by the DGA, as part of a meal, on essential amino 
acid substrate availability for protein anabolism in young adults.  
Methods: In this single-blinded, randomized crossover study, 30 participants (15 male, 15 female; 
Black/African-American: 3; Asian/Pacific Islander: 4; Caucasian: 14; Hispanic/Latino: 9; (age: 26 ± 4.9 
y; BMI: 26.4 ± 4.5 kg/m2; mean ± SE) completed four testing sessions where they consumed a 
standardized test salad on each day with 2 oz-eq of either lean pork, whole eggs, black beans, or almonds. 
Blood samples were taken at baseline (prior to commencing meal consumption) and at 30, 60, 120, 180, 
240, and 300 minutes following the initiation of meal consumption. Plasma from the blood samples were 
analyzed for amino acid concentrations via high-performance liquid chromatography (HPLC). 
Results: The essential amino acids (EAAs) positive incremental area under the curve (iAUCpos) over 300 
minutes for lean pork, egg, black beans, and almonds was 7353 ± 397 μg/mL (least-square mean ± 
standard error (SE)), 4653 ± 408 μg/mL, 2100 ± 398 μg/mL, and 1220 ± 398 μg/mL, respectively. Pork 
resulted in signifcantly greater EAAs availability compared to egg, black beans, and almonds (Tukey 
adjusted, P < 0.0001 for all, while egg resulted in significantly greater EAAs availability compared to 
black beans and almonds (Tukey adjusted P < 0.0001 for both). No difference for EAAs iAUCpos was 
found between black and almonds. 
Conclusion: This research serves as an important resource for future Dietary Guidelines Advisory 
Committees to reevaluate the appropriateness of equating Protein Foods on the current ounce-equivalent 
basis. Animal-derived protein-rich foods, including fresh lean pork and whole eggs, are excellent sources 
of amino acids needed to build new proteins in a person’s body. 
 
 
Grant Funding Source: National Pork Board and Egg Nutrition Center 
 
 



3 
 

 



4 
 

INTRODUCTION (from original proposal):   
The 2015-2020 Dietary Guidelines for Americans stipulates how much Protein Foods should be consumed 
per day and per week as part of a Healthy U.S.-Style Eating Pattern. The predominant protein sources 
include lean meats, poultry, and eggs, however, nuts, seeds, and soy products are also included. Ounce-
equivalents (oz-eq) are used as a standard unit of measure to compare animal to non-animal protein sources. 
One oz-eq of lean meat (1 oz) is equal to 0.5 oz of nuts (1 oz-eq), 0.25 cups (1 oz-eq) of beans, and one 
whole egg (1 oz-eq). One limitation of this unit of measure is that the protein quantity and quality of the 
foods are not considered (Table 1 below). For example, 1 oz-eq of pork loin contains ~7 g of dietary protein 
whereas 1 oz-eq of almonds contains 3 g of protein. Consequently, consuming an oz-eq portion of protein 
foods from different sources could have different effects on the anabolic response to feeding. The purpose of 
this study is to assess the effect of consuming ounce equivalent portions of fresh pork versus nuts, beans, 
and eggs on essential amino acid substrate availability for protein anabolism. While it would seem 
intuitive that this research would show that higher protein intakes from pork and egg will lead to higher 
plasma essential amino acid responses, this research is paramount to addressing the shortcoming of using oz-
eq to achieve the Dietary Guidelines for Americans recommendations for Protein Foods. This research will 
serve as an important resource for future Dietary Guidelines Advisory Committees to reevaluate the 
appropriateness of equating animal- and plant-based Protein Foods on the current ounce-equivalent basis. 
 
Table 1.  

 Wet weight 
One oz-eq (g) 

Protein 
One oz-eq (g) 

 Leucine 
One oz-eq (mg) 

Leucine 
mg Leu per g protein 

Lean pork loin 28 7.4 598 80 
Almonds 14 3.0 208 71 
Black beans 70 3.8 305 80 
Whole egg 50 6.3 538 85 
Source: https://fdc.nal.usda.gov/ 
 
Stated objectives from the original proposal: 
We propose to determine the effect of the same ounce-equivalents of fresh pork versus nuts, beans, and eggs 
on postprandial plasma essential amino acid availability. 
 
Hypothesis: Consuming a meal with 2 oz-eq of fresh pork or egg will have greater postprandial plasma 
essential amino acid availability compared to a meal with 2 oz-eq of nuts or beans. 
 
 
MATERIALS & METHODS:   
 
Participants: 
A total of 37 participants were recruited from the greater Lafayette, IN region and 30 (15 female, 15 male; 
Black/African-American: 3; Asian/Pacific Islander: 4; Caucasian: 14; Hispanic/Latino: 9; (age: 26 ± 4.9 y; 
BMI: 26.4 ± 4.5 kg/m2; mean ± SE) of the 37 subjects completed this study. Seven participants withdrew 
from the study; two due to starting a new job and relocating; two due to personal reasons; two were 
unwilling to continue after the first trial; and one due to being an unsuitable participant to continue in the 
study. Study inclusion criteria were: age 22-39 y, BMI 20-35 kg/m2; weight stable (± 4.5 kg for the previous 
3 months); not currently (or within 3 months pre-study) following a moderate to vigorous intensity exercise 
regimen of > 3 h/wk; not acutely ill; non-smoking; not diabetic; not pregnant or lactating; willing to limit 
purposeful physical exercise for 48 h prior to each testing day; willing and able to consume study foods and 
beverages and travel to testing facilities. Exclusion criteria for this study included: age <22  and >39 years, 
BMI weight change > 4.5 kg within 3 months pre-study; exercising vigorously for greater than 3–h/wk; 
diabetic (fasting blood glucose >126 mg/dL); smoking. The study protocol was approved by the Purdue 
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University Biomedical Institutional Review Board and all subjects provided written, informed consent and 
received monetary compensation for their participation. This study is registered at clinicaltrials.gov as 
NCT04243395. 
 
Study design: 
Each participant completed four 300-minute trials (randomized, investigator-blind, crossover design) with 
each trial separated by a minimum of three days (Figure 1). Participant treatment order randomization was 
done using online software (Randomization.com) and subsequently entered into Excel software. 
Randomization and participant allocation was performed by a clinical laboratory manager, who did not 
participate in data analysis or interpretation, using online software (Randomization.com) and subsequently 
entered into Excel. Although the participants, clinical laboratory manager, and dietitians were not blinded, 
the investigators were blinded until all subjects finished the protocol and all sample analyses were 
completed. Prior to each testing day, participant’s consumed a controlled dinner (Table 2) and were asked to 
refrain from participating in physical activity. The controlled dinner provided 1,052 kcal (fat: 25.5 g; 
carbohydrate: 163.6 g; protein: 47.2 g) On each of the 4 testing days, subjects returned to the laboratory 
testing facility after a 10-h overnight period of fasting and a catheter was placed into an antecubital vein. 
Baseline fasting blood samples were drawn immediately (0 minutes) before consumption of a standardized 
salad (Table 3) and 2 oz-eq of either 1) lean pork loin, 2) scrambled whole eggs, 3) sliced raw almonds, or 4) 
black beans (Table 4). Additional blood samples were drawn at 30, 60, 120, 180, 240, and 300 minutes from 
the start of the meal (Figure 1). 
 
Table 2. Menu and energy and macronutrient contents of controlled dinner meal consumed the 
evening prior to each testing day. 
Food item Energy 

(kcal) 

Fat 

(g) 

CHO 

(g) 

Protein 

(g) 

Lean Cuisine Favorites 
Chicken Fettucine 
(two packs) 

580 11.6 85.2 31.9 

Hawaiian roll 100 2.5 16.9 2.6 

Butter, regular, salted 
(two packets) 

68 7.7 0.0 0.1 

Medium apple, fresh, 
with skin 

95 0.3 25.1 0.5 

¾ cup of yellow corn 96 0.8 22.9 3.0 

Milk, 1% fat, 270 mL 113 2.6 13.5 9.1 

Total 1052 25.5 163.6 47.2 
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Figure 1. Schematic overview of study testing days 
 
Test meal: 
All subjects consumed a controlled dinner meal the evening prior to each testing day as previously described. 
On each of the 4 testing days, subjects (fasting-state) consumed a carefully portioned test salad and 2 oz-eq 
of 1) lean pork loin, 2) scrambled whole eggs, 3) sliced raw almonds, or 4) black beans. The test salad 
included fresh tomatoes, shredded carrots, broccoli, mushrooms, baby spinach, romaine lettuce, croutons, 
and a balsamic vinaigrette (Table 3). The pork used in the study was purchased from a local butcher (Purdue 
Butcher Block) and all came from the same animal. The scrambled whole eggs were prepared uniformly 
from large eggs based on the American Egg Board’s recommendation (https://www.aeb.org/foodservice/egg-
safety-handling/preparation-guidelines). Canned black beans were purchased from the same batch number. 
The black beans were drained, rinsed with water, and surface dried prior to being weighed into a 2 oz-eq 
portion. Consuming water throughout the day was allowed ad libitum. All trial meals were developed by a 
registered dietitian using Pronutra software version 3.3 (Viocare, Inc. Princeton, NJ) and all foods were 
prepared, portioned, and provided to the subjects by research staff in the Department of Nutrition Science 
Metabolic Kitchen at Purdue University.  
 
Table 3. Weight, energy, and macronutrient composition of the food items in the test salad. 
Food item Weight 

(g) 
Energy 
(kcal) 

Fat 
(g) 

CHO 
(g) 

Protein 
(g) 

Romaine lettuc  20 3 0.1 0.7 0.2 
Mushrooms, raw 25 6 0.1 0.8 0.8 
Croutons 12 49 0.8 8.8 1.4 
Baby spinach, 
raw 

50 12 0.2 1.8 1.4 

Carrots, raw 62 25 0.1 5.9 0.6 
Tomato, raw 70 13 0.1 2.7 0.6 
Broccoli, raw 34 12 0.1 2.3 1.0 
Balsamic 
vinaigrette 
dressing 

31 99 10 2.8 0 

Total  218 11.5 25.8 6 
 
 
Table 41 Energy, kcal Protein, g Carbohydrate, g Fat, g 
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Test salad w/ croutons 218 6 25.8 11.5 
Lean pork loin (2 oz-eq) 73 14 0 1 
Whole eggs (2 oz-eq) 145 12.5 0 10 
Almonds (2 oz-eq) 161 6 6 14 
Black beans (2 oz-eq) 113 7.5 20 0.5 
1The quantity of protein for each trial would include the protein from the test salad: lean pork loin trial (20 g), 
whole eggs trial (18.5 g), almonds trial (12 g), and black beans trial (13.5 g).  
 
 
Sample collection and analysis:  
Biochemical Analyses:  Blood samples were collected into serum- and plasma-separator tubes at the 
specified time points, centrifuged for 15 min at 4000 rpm and 4 °C, aliquoted into 1 mL microcentrifuge 
tubes, and stored at −80 °C as previously described 5 until thawed for analysis. Serum glucose concentrations 
were analyzed by photometric assay (COBAS Integra 400 Analyzer; Roche Diagnostic Systems, 
Indianapolis, IN). Serum insulin concentrations were analyzed by electroilluminescence immunoassay on a 
COBAS e411 analyzer (Roche Diagnostic Systems, Indianapolis, IN). Plasma amino acid concentrations 
were determined by means of High Performance Liquid Chromatography using an Agilent 1260 Infinity 
High Performance Autosampler (Agilent Technologies, Santa Clara, CA). The protocol used was the Agilent 
Amino Acid Protocol. Twenty amino acids were reported (plasma total amino acids (TAA): sum of Ala, Arg, 
Apn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val). 
 
 
Power Calculation/Statistical Analysis: The study used a within-subjects design with one primary outcome 
assessed repeatedly, plasma essential amino acids positive incremental area under the curve (iAUCpos), 
among four experimental trials. Previous research from our lab group with a similar design and the same 
primary outcome showed a between trial, within-subject, variability of ± 2000 μg/mL/h (see preliminary 
findings study 2). Applying this variability to the power calculation for this study indicated that n = 30 
participants would provide a sufficient sample size to detect statistical significance (α ≤ 0.05) and avoid type 
II errors (β ≥ 80%) for a differential iAUCpos of 350 ± 2000 μg/mL/h (effect size f = 0.175). Plasma EAA, 
serum glucose, and serum insulin were statistically analyzed using a doubly repeated–measures analysis of 
variance (ANOVA) to compare four experimental trials and 7 sampling time points. Group least-squares 
means at each time point was compared using the difference of least-squares means. Positive incremental 
areas under the curve (iAUCpos) were calculated using the trapezoidal rule [31]. Statistical significance was 
assigned with a Tukey adjusted P < 0.05. All statistical analyses was done using SAS 9.4 (SAS Institute Inc., 
Cary, NC). 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS:  (Presented by Objective)  
 
Project Objectives - To conduct a randomized crossover study to assess the following objective: 
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Objective: To determine the effect of the same ounce-equivalents of fresh pork versus nuts, beans, and eggs 
on postprandial plasma essential amino acid availability. 
Hypothesis: Consuming a meal with 2 oz-eq of fresh pork or egg will have a greater postprandial plasma 
essential amino acid availability compared to a meal with 2 oz-eq of nuts or beans. 
 
Participant characteristics: 
A total of 37 participants were recruited from the greater Lafayette, IN region and 30 (15 female, 15 male; 
Black/African-American: 3; Asian/Pacific Islander: 4; Caucasian: 14; Hispanic/Latino: 9; (age: 26 ± 4.9 y; 
BMI: 26.4 ± 4.5 kg/m2; mean ± SE) of the 37 subjects completed this study. Seven participants withdrew 
from the study; two due to starting a new job and relocating; two due to personal reasons; two were 
unwilling to continue after the first trial; and one due to being an unsuitable participant to continue in the 
study. 
 
Plasma essential amino acids availability: 
Consistent with our hypothesis, consuming a meal with 2 oz-eq of lean pork or egg resulted in greater 
postprandial essential amino acids availability compared to a meal with 2 oz-eq of black beans or almonds 
(see Figure 2). In addition, pork resulted in a greater postprandial essential amino acid availability compared 
to egg. Time point analysis of plasma essential amino acids availability showed no differences between trials 
at baseline, significantly greater values for pork and egg compared to black beans at the 30, 60, 120, 180, 
240, (P < 0.0001 for all) and 300 minute time points (P < 0.05), significantly greater values for trials pork 
and egg compared to almonds at the 60, 120, 180 (P < 0.0001 for all) and 240 minute time points (P < 0.05), 
a signficantly greater value for trail pork compared to egg at 120 minutes (P = 0.0004), and a significantly 
greater value for trial pork compared to almonds at the 300 minute time point (P < 0.0001) (see Figure 3). 
 

 
Figure 2. Postprandial plasma essential amino acids positive incremental areas under the curve (iAUCpos) 
for pork, egg, black beans, and almonds. Different letters indicate a significant difference (Tukey adjusted, P 
< .05). All values are least-squares means ± SE; n = 30 (15 men, 15 women). 
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Figure 3. Plasma essential amino acid concentrations in the fasted (0 minutes) and postprandial (30–300 
minutes) period after ingestion for pork, egg, black beans, and almonds. * denotes significant difference 
between pork and egg compared to black beans. † denotes significant difference between pork and egg 
compared almonds. ‡ denotes significant difference between A versus B. ¥ denotes significant difference 
between A versus D. All values are least-squares mean ± SE. Different symbols indicate a significant 
difference (Tukey adjusted, P < 0.05) 
 
Branched-chain amino acids availability: 
In line with the findings regarding plasma essential amino acids availability, consuming a meal with 2 oz-eq 
of fresh pork or egg resulted in a greater postprandial branched-chain amino acids availability compared to a 
meal with 2 oz-eq of nuts or beans (see Figure 4). In addition, pork resulted in a greater postprandial 
branched chain amino acids availability compared to egg. Time point analysis of plasma essential amino 
acids availability showed no differences between trials at baseline or at the 30 minute timepoint, and 
significantly greater values for both pork and egg compared to both black beans and almonds at the 60, 120, 
180, 240, and 300 minute timepoints (P < 0.05 for all) (see Figure 5). 
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Figure 4.  Postprandial plasma branched-chain amino acids positive incremental areas under the curve 
(iAUCpos) for pork, egg, black beans, and almonds. Different letters indicate a significant difference (Tukey 
adjusted, P < .05). All values are least-squares means ± SE; n = 30 (15 men, 15 women). 
 
 

 
 
Figure 5. Plasma branched-chain amino acid concentrations in the fasted (0 minutes) and postprandial (30–
300 minutes) period after ingestion for pork, egg, black beans, and almonds. * denotes significant difference 
between pork and egg compared to black beans. † denotes significant difference between pork and egg 
compared to almonds. ‡ denotes significant difference between pork compared to egg. All values are least-
squares mean ± SE. Different symbols indicate a significant difference (Tukey adjusted, P < 0.05). 
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Leucine availability: 
In line with the findings regarding plasma essential amino acids and branched-chains amino acids 
availability, consuming a meal with 2 oz-eq of fresh pork or egg resulted in a greater postprandial leucine 
availability compared to a meal with 2 oz-eq of nuts or beans (see Figure 6). In addition, pork resulted in a 
greater postprandial leucine availability compared to egg. Time point analysis of plasma leucine availability 
showed no differences between trials at baseline or at the 30 minute time point, significantly greater values 
for pork and egg compared to black beans at the 30, 60, 120, 180, 240 minute time points (P < 0.001 for all), 
significantly greater values for pork and egg compared to almonds at the 60, 120, 180 (P < 0.0001 for all) 
and 240 minute time points (P < 0.05), a signficantly greater value for pork compared to egg at 120 minutes 
(P = 0.0089), and a significantly greater value for pork compared to both black beans and almonds at the 300 
minute time point (P < 0.05 for both) (see Figure 7). 
 
 

 
 
Figure 6.  Plasma leucine positive incremental areas under the curve (iAUCpos) for pork, egg, black beans, 
and almonds. Different letters indicate a significant difference (Tukey adjusted, P < .05). All values are least-
squares means ± SE; n = 30 (15 men, 15 women). 
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Figure 7. Leucine concentrations in the fasted (0 minutes) and postprandial (30–300 minutes) period after 
ingestion for pork, egg, black beans, and almonds. * denotes significant difference between pork and egg 
compared to black beans. † denotes significant difference between pork and egg compared to almonds. ‡ 
denotes significant difference between pork compared to egg. ¥ denotes significant difference between pork 
compared to black beans and almonds. All values are least-squares mean ± SE. Different symbols indicate a 
significant difference (Tukey adjusted, P < 0.05) 
 
 
Glucose and insulin responses to each intervention trial: 
No differences were observed for postprandial glucose or insulin iAUCpos between any of the trials 
(Figures 8 and 10). Time point analysis by trial showed significantly greater blood glucose and insulin 
values for black beans compared to egg at the 60 minute time point (P < 0.05 for both). No other differences 
were observed between any trials at all other time points (Figures 9 and 11).  
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Figure 8.  Glucose positive incremental areas under the curve (iAUCpos) for pork, egg, black beans, and 
almonds. Different letters indicate a significant difference (Tukey adjusted, P < .05). All values are least-
squares means ± SE; n = 30 (15 men, 15 women). 
 

 
 
Figure 9. Glucose concentrations in the fasted (0 minutes) and postprandial (30–300 minutes) period after 
ingestion for pork, egg, black beans, and almonds. * denotes significant difference between egg compared 
to black beans. All values are least-squares mean ± SE. Different symbols indicate a significant difference 
(Tukey adjusted, P < 0.05). 
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Figure 10. Insulin positive incremental areas under the curve (iAUCpos) for trials pork, egg, black beans, 
and almonds. Different letters indicate a significant difference (Tukey adjusted, P < .05). All values are least-
squares means ± SE; n = 30 (15 men, 15 women). 
 

 
 
Figure 11. Insulin concentrations in the fasted (0 minutes) and postprandial (30–300 minutes) period after 
ingestion for pork, egg, black beans, and almonds. * denotes significant difference between egg compared to 
black beans. All values are least-squares mean ± SE. Different symbols indicate a significant difference 
(Tukey adjusted, P < 0.05). 
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DISCUSSION:  Explain your research results and include a summary of the results that is of immediate or 
future benefit to pork producers. 
 
The primary objective of this randomized cross-over acute feeding trial was to determine the effect of the 
same 2-ounce-equivalent portions of fresh pork versus nuts, beans, and eggs on postprandial plasma essential 
amino acid availability. Consistent with our hypothesis, consuming a meal with 2 oz-eq of fresh pork or egg 
resulted in a greater postprandial essential amino acids availability compared to a meal with 2 oz-eq of nuts 
or beans. In addition, consuming lean pork loin resulted in a greater postprandial essential amino acid 
availability compared to egg. In line with these observations, consuming a meal with 2 oz-eq of fresh lean 
pork loin or egg resulted in a greater postprandial availability of both branched-chain amino acids and 
leucine compared to a meal with 2 oz-eq of nuts or beans, with pork also resulting in greater postprandial 
availability of both branched-chain amino acids and leucine compared to egg. No differences between test 
meals, and therefore between protein sources were observed for glucose and insulin iAUCpos. As such these 
findings show that on an oz-eq basis, animal-derived protein-rich foods, including fresh lean pork loin and 
eggs are more effective compared to plant-based protein foods, including black beans and almonds at 
increasing blood EAAs, and thereby are more effective at meeting the human body’s requirements for EAAs, 
that must be obtained from the diet. 
 
These findings are in line with a recent study by Park et al.,6  who investigated the anabolic responses to 
consumption of “ounce equivalents” of single protein-rich foods (not as part of a meal) as defined by the 
DGA. This study found that animal-based protein-rich foods including pork loin, whole eggs, and beef 
sirloin resulted in greater blood essential amino acids and whole-body net protein balance (anabolic 
response) compared to plant-based protein foods, including tofu, kidney beans, peanut butter, and mixed 
nuts, with the magnitude of the anabolic response being directly related to the EAA content of the protein 
source. Interestingly, the consumption of tofu which is considered a complete protein source as it provides 
all of the EAAs and has an EAA profile similar to animal-derived protein-rich foods, resulted in a lower 
blood EAA concentration and lower whole-body net protein balance compared to animal-derived protein 
foods6. Taken together, these are important findings as the protein quality of a meal, meaning the EAA 
content of a meal is the major stimulus for muscle and whole-body protein anabolism3,4,6, and therefore, 
muscle and whole-body health, of which fresh lean pork and eggs are excellent food sources to provide all 
the EAAs required by the human body to build new proteins. 
 
In conclusion, based on the oz-eq concept used in the DGAs, the protein sources included in this study, 
namely lean pork, egg, black beans, and almonds, are not equivalent regarding plasma essential amino 
acids availability for protein anabolism in young adults, in response to being consumed as part of a meal. 
More specifically on an oz-eq basis, lean pork is greater compared to egg, black beans, and almonds in 
terms of its ability to provide plasma EAAs as a substrate for protein anabolism. In addition, on an oz-eq 
basis, egg is more effective compared to black beans and almonds in terms of its ability to provide plasma 
EAAs  as a substrate for protein anabolism in young adults, with no differences found between black 
beans and almonds. This research serves as an important resource for future Dietary Guidelines Advisory 
Committees to reevaluate the appropriateness of equating Protein Foods on the current ounce-equivalent 
basis. Fresh lean pork and eggs are excellent sources of essential amino acids needed to build new 
proteins in a person’s body. 
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Please add page numbers at bottom center of each page.  Do not include any other headers or footers.  All 
tables, figures and graphics must be included in one Word document only and must be submitted electronically 
to beveritt@pork.org.  You will receive an electronic response when your report is received and verified for 
proper format.  Final reports will be published on our Web Site exactly as submitted 12 months after receipt, but 
the industry summary will be released immediately.   
 
Any publications, presentations or abstracts of the project results, need to recognize proper funding credit.  A 
statement such as this would be sufficient: “Funding, wholly or in part, was provided by the National Pork 
Checkoff” (Or in the case of state funding “on behalf of the [state] Pork Producers Association”). 
 
Thank you for your attention to these instructions. Please contact Bev Everitt (phone-515/223-2750 or E-mail: 
beveritt@pork.org if you have any questions.  
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