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Essential amino acid-enriched whey
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Jess A. Gwin'?, David D. Church?, Adrienne Hatch-McChesney', Jillian T. Allen'?, Marques A. Wilson',
Alyssa N. Varanoske'~, Christopher T. Carrigan', Nancy E. Murphy', Lee M. Margolis', John W. Carbone®,
Robert R. Wolfe®, Arny A. Ferrando® and Stefan M. Pasiakos'

Abstract

Background: The effects of ingesting varying essential amino acid (EAA)/protein-containing food formats on
protein kinetics during energy deficit are undetermined. Therefore, recommendations for EAA/protein food formats
necessary to optimize both whole-body protein balance and muscle protein synthesis (MPS) during energy deficit
are unknown. We measured protein kinetics after consuming iso-nitrogenous amounts of free-form essential amino
acid-enriched whey (EAA + W, 34.7 g protein, 24 g EAA sourced from whey and free-form EAA), whey (WHEY; 34.7 g
protein, 18.7 g EAA), or a mixed-macronutrient meal (MEAL; 34.7 g protein, 11.4 g EAA) after exercise during short-
term energy deficit.

Methods: Ten adults (mean +SD; 21 +4y; 257+ 1.7 kg/m2) completed a randomized, double-blind crossover study
consisting of three, 5 d energy-deficit periods (— 30 + 3% of total energy requirements), separated by 14 d. Whole-
body protein synthesis (PS), breakdown (PB), and net balance (NET) were determined at rest and in response to
combination exercise consisting of load carriage treadmill walking, deadlifts, and box step-ups at the end of each
energy deficit using L-[*Hs]-phenylalanine and L-[*H,)-tyrosine infusions. Treatments were ingested immediately
post-exercise. Mixed-muscle protein synthesis (mixed-MPS) was measured during exercise through recovery.
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Results: Change (A postabsorptive + exercise to postprandial + recovery [mean treatment difference (95%Cl)]) in
whole-body (g/180 min) PS was 15.8 (9.8, 21.9; P=0.001) and 194 (14.8, 24.0; P=0.001) greater for EAA+W than
WHEY and MEAL, respectively, with no difference between WHEY and MEAL. APB was —6.3 (— 11.5, —1.18; P=0.02)
greater for EAA +W than WHEY and — 7.7 (= 11.9, — 3.6; P=0.002) greater for MEAL than WHEY, with no difference
between EAA +W and MEAL. ANET was 22.1 (20.5, 23.8; P=0.001) and 18.0 (16.5, 19.5; P=0.00) greater for EAA + W
than WHEY and MEAL, respectively, while ANET was 4.2 (2.7, 5.6; P=0.001) greater for MEAL than WHEY. Mixed-MPS

did not differ between treatments.

mixed-macronutrient meal.

enrollment 6 June 2019

Conclusions: While mixed-MPS was similar across treatments, combining free-form EAA with whey promotes
greater whole-body net protein balance during energy deficit compared to iso-nitrogenous amounts of whey or a

Trial registration: ClinicalTrials.gov, Identifier no. NCT04004715. Retrospectively registered 28 June 2019, first
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Introduction
Military personnel, weight-class athletes, and workers in
arduous occupations, such as wildland firefighters, regu-
larly experience periods of unavoidable energy deficit,
which can degrade skeletal muscle and increase whole-
body protein loss due, in part, to sustained negative
whole-body protein balance and blunted muscle protein
synthesis (MPS) [1-5]. Ingesting high-quality protein
rich in essential amino acids (EAA) confers a potent
anabolic stimulus during energy balance and, therefore,
may offset muscle and whole-body protein loss if con-
sumed during energy deficit [6—8]. However, recommen-
dations for EAA/protein quantity and food format
necessary to optimize both whole-body protein balance
and MPS during energy deficit are not well described.
Regarding EAA/protein quantity, we recently demon-
strated that ingesting a high (0.30 g/kg) amount of free-
form EAA during energy deficit enhances post-exercise
whole-body protein balance to a greater extent than a
standard (0.10 g/kg) amount consistent with current
post-exercise protein ingestion recommendations [9].
The food format of the EAA/protein consumed dictates its
quality and anabolic stimulus due to its constituent amino
acid composition and its digestibility and absorption kinetics.
These factors influence the amount and pattern of EAA en-
tering peripheral circulation and therefore the substrate avail-
able to support whole-body protein turnover and MPS [10-
13]. Mixed-macronutrient meals containing whole-food pro-
teins are the predominant food format of EAA/protein con-
sumed by the general population and by military personnel
subsisting primarily on military rations during strenuous op-
erations. However, to achieve an optimal amount of EAA/
protein with mixed-macronutrient meals, individuals must
consume more total food than if other more efficient EAA/
protein formats were available. Consuming more food is
often a logistical challenge during real world military training
and operations [14, 15], ultra-endurance competitions, or

wildfire suppression activities. Equally important, the ana-
bolic stimulus provided by mixed-macronutrient meals may
be suboptimal during these scenarios because the amino acid
composition (EAA content), digestion and absorption rates,
and subsequent increase in peripheral EAA concentrations
are lower after consuming mixed-macronutrient meals than
intact protein alone or free-form EAA. Whey protein is one
alternative to mixed-macronutrient meals that is widely dem-
onstrated to support protein anabolism [16]. Whey is com-
prised of approximately 40-50% EAA and is digested and
absorbed quickly, resulting in a substantial increase in per-
ipheral EAA concentrations. EAA ingested in free-form is
another alternative to mixed-macronutrient meals, as it does
not require digestion, is absorbed rapidly, and results in a
rapid increase in peripheral EAA concentrations versus other
EAA/protein food formats.

Combining intact protein with free-form EAA may be
an advantageous anabolic formulation, in that it leverages
the amino acid composition, digestion, and absorption
kinetics of both EAA/protein formats to yield a robust
and sustained increase in peripheral EAA concentrations.
Churchward-Venne et al. [13] reported similar 3h post-
exercise myofibrillar MPS rates during energy balance
after ingesting a low amount of whey enriched with EAA
versus a standard amount of whey alone. To our know-
ledge, no studies have determined the effects of ingesting
varying EAA/protein formats on protein kinetics during
energy deficit. As such, we examined the effects of con-
suming three iso-nitrogenous EAA/protein delivery for-
mats following exercise during energy deficit: a combined
free-form EAA and whey protein mixture, whey protein
alone, or a mixed-macronutrient meal. We hypothesized
that a greater increase in peripheral EAA after ingesting
EAA-enriched whey would enhance whole-body protein
balance and MPS to a greater extent during energy deficit
than whey or a mixed-macronutrient meal.


https://www.clinicaltrials.gov/ct2/show/NCT04004715
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Methods

Participants

Healthy (free of cardiovascular or metabolic disease as
determined by a medical screening), young (18-25 vy),
non-obese (body mass index, <30.0kg/m?), resistance
exercise-trained (> 2 sessions/week for previous 6
months) males and females were eligible to participate
in this study. Volunteers were required to refrain from
nonsteroidal anti-inflammatory medications, alcohol,
nicotine products, caffeine, and dietary supplements
throughout the study. Twelve male volunteers were en-
rolled in the study after providing informed, written con-
sent (Fig. 1). One participant was withdrawn due to
noncompliance before data collection and one partici-
pant was withdrawn due to personal reasons after com-
pleting one energy deficit testing period. Therefore, 10
volunteers completed all study procedures and were in-
cluded in the final analyses (Table 1). This study was ap-
proved by the U.S. Army Medical Research and
Development Command Institutional Review Board and
registered at www.clinicaltrials.gov (NCT04004715). In-
vestigators adhered to the policies for protection of hu-
man subjects as prescribed in the U.S. Department of
Defense Instruction 3216.02, and the research was con-
ducted in adherence with the provisions of 32 Code of
Federal Regulations Part 219.

Experimental design

Volunteers underwent a randomized, crossover study
consisting of three, 5 d controlled, diet-induced energy
deficits (- 30% of total energy requirements), each sepa-
rated by a 14 d washout. Immediately following each en-
ergy deficit, stable isotope infusion studies were used to
determine whole-body protein synthesis (PS), protein
breakdown (PB), and net balance (NET) in response to
post-exercise ingestion of an EAA-enriched, low dose of
whey protein isolate (EAA +W; 35g protein) or iso-
nitrogenous amounts of whey protein isolate (WHEY) or
protein in a mixed-macronutrient meal (MEAL). Mixed-
MPS was also assessed for the entire exercise plus post-
prandial recovery period. Volunteers were provided an
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individualized 3 d run-in, weight-maintaining diet imme-
diately preceding each energy deficit diet to limit any po-
tential confounding effects of pre-study diet and to
maintain consistency with our prior research [9, 17-19].
To limit the effects of previous exercise on protein turn-
over [20], routine exercise was prohibited throughout
the diet interventions. Treatment order was randomized
to avoid bias using a random numbers generator
(https://www.randomizer.org). Treatments were semi-
blinded such that all volunteers and study staff were
blinded to the protein beverages (EAA + W and WHEY),
excluding a designated staff member who developed the
treatment code and prepared the treatments, but was
not involved in primary outcome data analysis or
interpretation.

Anthropometrics

Height was measured in duplicate to the nearest 0.1 cm
using a stadiometer (Seritex, Inc., Carlstadt, NJ, USA) at
baseline. Fasted (overnight, > 8 h), nude body weights
were measured to the nearest 0.1 kg after a void using a
digital scale (Taylor Precision Products, Oak Brook, IL,
USA) at baseline, daily throughout each intervention,
and every third day during the 14 d washouts. Fat mass
and fat-free mass [total mass — (fat mass + bone mass)]
were determined using dual energy X-ray absorpti-
ometry (DXA; Lunar iDXA, Ge Healthcare, Madison,
WI, USA) at baseline and on the fifth day of each energy
deficit, after an >8h overnight fast and void, to
characterize changes in body composition.

Diet intervention

Pre-study dietary intake and physical activity levels were
assessed using 3 d diet and activity records (2 weekdays,
1 weekend day). Dietary records were analyzed (Food
Processor SQL, v.11.3.2) and total daily energy require-
ments for the 3 d run-in diets were determined using
the average of the Harris-Benedict [21] and Mifflin-St
Jeor [22] equations, multiplied by 1.3 to account for ac-
tivities of daily living and diet-induced thermogenesis.
Registered Dietitians developed individualized menus

n=37 briefed and signed study consent

—

n=25 did not meet inclusion criteria or
schedule requirements

v

n=12 met inclusion criteria,
schedule requirements,
and enrolled in study

n=2 withdrew; no longer met inclusion
criteria or schedule requirements

n=10 completed all study procedures and
included in analyses

Fig. 1 Volunteer enrollment and retention
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Table 1 Baseline participant characteristics'

n=10
Age (y) 21+4
Sex (m/f) 8/2
Body Mass (kg) 776+9.1
Height (cm) 1735+89
Body Mass Index (kg/m?) 25717
VOspeak (ML/kg/min) 464 +64
3RM Deadlift (kg) 127.7+254
Estimated 1RM Deadlift (kg) 13744274

'Values are means + SD

(Food Processor SQL, v.11.3.2; ESHA Research, Salem,
OR, USA) consisting primarily of military combat ra-
tions (Meal, Ready-to-Eat; menu 37; Ameriqual, Evans-
ville, IN, USA), supplemented with commercial products
(e.g., frozen sandwiches, yogurt, snack foods). To be
consistent with our previous work [9], dietary protein
was provided at 1.6 g/kg/d, carbohydrate comprised 50—
55% of total energy, and fat provided the remaining en-
ergy. The 30% energy deficit was achieved by reducing
carbohydrate and fat intakes while maintaining protein
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intake at 1.6g/kg/d. All foods and beverages were
weighed to the nearest 0.1 g and distributed to the vol-
unteers at the start of each run-in and energy deficit
diet. Volunteers were instructed to consume all of the
provided foods and beverages and return the empty
packaging. Any uneaten foods or beverages were
weighed and accounted for in reported intakes. Water
was allowed ad libitum. Volunteers were instructed to
return to their pre-study dietary habits and physical ac-
tivity patterns during the 14 d washouts. Dietary habits
and physical activity were recorded every third day dur-
ing the washouts using 24 h diet and activity records.

Stable isotope infusion studies

Stable isotope infusion studies were conducted the
morning (after >8 h overnight fast) following each 5 d
energy deficit to determine whole-body protein turnover
and mixed-MPS (Fig. 2). Intravenous catheters were
placed in the antecubital space or forearm of each arm
for the continuous isotope infusions and serial blood
draws. The arm used for serial blood draws was warmed
using heating pads so that the sampled blood reflected
arterialized blood [23]. Following the baseline blood
sample, primed, constant infusions of L-[ring->Hs]-
phenylalanine and L-[3,3-H,]-tyrosine were started and

3 Days |5 Days 1 Day 14 Days 3 Days |5 Days 1 Day 14 Days 3 Days |5 Days 1 Day
Energy Energy Energy
Run-in | Deficit Infusion Run-in | Deficit Infusion Run-in | Deficit Infusion
Baseline | Diet Diet Study Washout Period Diet Diet Study Washout Period Diet Diet Study
L-[ring-’H;]-phenylalanine &
L-[?H,]-tyrosine Infusion L
. 5 . Exercise + Postprandial + Post-exercise Recovery
L-[rmg- H5J-phenylal_anlne’ 1 Mixed Muscle Protein Synthesis f
L‘[ H2]—tyr051ne, & [ } Postabsorptive + Exercise Postprandial + Post-exercise Recovery
L-[?H,]-tyrosine Primes | Whole-body Protein Turnover Whole-body Protein Turnover |
T T 1
Muscle Biopsy X4 X4
Nutrition Intervention A
Urine [ >
Indirect Calorimetry $ $ $ S $ $
Blood * * * * * * % * * % * *
Exercise
Ll 1 1 1 I I I I I I I I
i || || ||
Time (min) -5 0 60 120 165 180 270 290 310 330 360 390 420 450
$ $ * * $ $
Load Deadlift and Load
I Carriage Box Step Ups Carriage
190 214 240 264
Fig. 2 Schematic of the infusion studies. Muscle biopsy and blood samples were used in combination with primed, constant infusions of L-[*Hs]-
phenylalanine and L-[’H]-tyrosine to determine the effects of EAA +W, WHEY, or MEAL ingestion on whole-body protein turnover following
whole-body exercise as well as mixed muscle protein synthesis throughout an exercise and recovery period during energy deficit
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maintained for the next 450 min. A priming dose of L-
[ring-H,]-tyrosine was administered at the start of the
infusion to achieve isotopic equilibrium of L-[ring-*H,]
tyrosine enrichment derived from L-[ring->Hs]-phenyl-
alanine. All isotopes were purchased from Cambridge
Isotope Laboratories (Andover, MA, USA) and the prep-
arations were constituted by a licensed pharmacist and
certified sterile and pyrogen-free (Johnson Compound-
ing and Wellness, Waltham, MA, USA).

Two muscle biopsies were collected from the vastus later-
alis using a single incision on one leg during each infusion
study to assess mixed-MPS. All muscle biopsies were per-
formed under sterile conditions using a 5 mm Bergstrom
biopsy needle. All tissue was blotted dry of blood and all
visible fat and connective tissue was removed before the tis-
sue was frozen in liquid nitrogen and stored at -80 °C until
analysis. The first muscle biopsy was performed 10 min
prior (180 min after infusion initiation) to a bout of whole-
body exercise. The exercise bout consisted of 24 min of
load carriage (LC) followed by 18 min of alternating trap
bar deadlifts and box step-ups followed by another 24 min
of LC. Volunteers were given 4 min of rest before and after
the bout of deadlifts and step-ups. All LC was performed
by walking on a treadmill while wearing a weighted pack
equivalent to 30% of each individual’s baseline body mass.
Speed and grade were adjusted throughout the LC to
achieve 1 min intervals of low to moderate intensity (55 +
5%) and moderate to vigorous intensity (70 +5%) work
based on VOZpeak determined at baseline and confirmed
during each washout period. If the volunteer was unable to
complete the prescribed workload, the speed of the tread-
mill was reduced until the participant could complete the
work. Every effort was made to match LC bouts between
infusion studies and the bouts were nearly identical be-
tween all trials for all volunteers. For each set of trap bar
deadlifts and box step-ups, volunteers completed 5 repeti-
tions of deadlift immediately followed by 16 step-ups (8 per
leg) totaling to ~ 1 min of work. The volunteers then rested
for 1 min before completing the next set. In total, 9 sets
were performed. Volunteers were supervised to ensure ac-
curate repetition counts and safe lifting form. The weight
on the trap bar was prescribed at 70% of the individuals’ es-
timated 1 repetition maximum (RM) derived from a prede-
termined 3RM [24, 25] and matched between all trials. All
volunteers completed a familiarization session during base-
line to confirm the intensities of the LC exercise prescrip-
tion and the ability of each individual to complete the
entire exercise bout. Within ~ 5 min of completing the ex-
ercise bout (270 min), volunteers consumed either EAA +
W dissolved in 200 mL of water as a bolus (proprietary
free-form EAA and whey protein blend; The Amino Com-
pany LLC, Lewes, DE, USA),bolus (proprietary free-form
EAA and whey protein blend; The Amino Company LLC,
Lewes, DE, USA), WHEY dissolved in 200 mL of water as a
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Table 2 Nutrient profiles of the study treatments'
EAA +W WHEY MEAL
Protein (g) 34.7 347 347
Total EAA (g) 24.0 18.7 114
Carbohydrate (g) 52 1.9 60.1
Fat (9) 14 04 20.8
Total Energy (kcal) 1726 150.3 566.9
Serving Size of Product (g) 46.3 398 561.3
EAA Composition (% of EAA)
histidine 7.7 39 6.7
isoleucine 1.6 11.6 1.5
leucine 202 25.7 20.6
lysine 182 22.1 16.5
methionine 3.7 4.7 4.7
phenylalanine 10.7 7.2 12.7
threonine 14.8 9.9 108
tryptophan 1.2 50 2.9
valine 11.8 9.9 13.6

"The macronutrient and amino acid profile of EAA + W, WHEY, and MEAL were
confirmed by chemical analysis (Eurofins Food Integrity and Innovation,
Madison, WI)

bolus (BiPro Elite Whey Protein Isolate; BiPro USA, Eden
Prairie, MN, USA) or MEAL (Chili and Beans Entrée, Meal,
Ready-to-Eat; menu 37; Ameriqual, Evansville, IN, USA;
Table 2). Volunteers were given an additional 300 mL and
500mL of water to consume with the beverages and
MEAL, respectively. The study treatments and additional
water were consumed within 5 min. Thereafter, volunteers
rested for the remaining 180 min recovery period while
blood samples were continually collected until a final bi-
opsy was performed at 450 min (Fig. 2). For the second bi-
opsy within a given day, the biopsy needle was angled away
from the previous sampling location by ~5cm to reduce
the chance of sampling from a pre-biopsied area and to
avoid local inflammation [26—28]. The biopsied leg alter-
nated between infusion studies and a new incision was
made for the third infusion study ~ 3 to 5 cm from the first
infusion study incision [27].

Analytical procedures

Plasma and muscle processing were consistent with our
previous work [9]. Plasma was precipitated with 125 pL of
10% sulfosalicylic acid (SSA), centrifuged, and the super-
natant was used to determine EAA concentrations using
the internal standard technique and liquid chromatog-
raphy with tandem mass spectrometry (LCMS: QTrap
5500 MS;AB Sciex, Foster City, CA) [29]. The intra-assay
coefficient of variation was 1.01, 1.36, 1.26, 2.80, 1.79,
0.99, 1.09, 1.13, 1.84, and 0.88% for threonine, valine, me-
thionine, isoleucine, leucine, tryptophan, phenylalanine,
histidine, lysine, and tyrosine, respectively. Phenylalanine
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and tyrosine enrichments were measured using the tert-
butyldimethylsilyl derivative and gas chromatography-
mass spectrometry (models 7890A/5975; Agilent Tech-
nologies, Santa Clara, CA) [30, 31]. Ions of mass-to-charge
ratio of 234, 235, and 239 for phenylalanine and of 466,
467, 468, and 470 for tyrosine were monitored with elec-
tron impact ionization and selective ion monitoring.
Serum insulin concentrations were measured using a Sie-
mens Immulite 2000XPI (Siemens Medical Solutions
USA, Inc, Malvern, PA). The intra-assay coefficient of
variation was 3.84% for insulin. Muscle samples were
weighed and tissue proteins were precipitated with 0.5 mL
of 4% SSA. Next the samples were homogenized, centri-
fuged, and the muscle pellet (bound protein) was washed,
dried, and hydrolyzed in 0.5 mL of 6 N HCI at 105 °C for
24 h. Mixed-muscle-bound protein enrichments were de-
termined as described above for plasma enrichments.

Whole-body PS, PB, and NET and mixed-MPS calculations
Whole-body PS and PB rates were calculated based on
the determinations of the rate of appearance (Ra) into
the plasma of phenylalanine and tyrosine and the frac-
tional Ra of endogenous tyrosine derived from phenyl-
alanine [19, 32]. Total Ra over time after intervention
were calculated to avoid the complication of calculating
non-steady state kinetics. The phenylalanine (Phe) and
tyrosine (Tyr) plasma enrichment areas under the curve
(AUC) were calculated from start to 450 min (Fig. 3).
Whole-body protein turnover was calculated by dividing
kinetic values of phenylalanine by its fractional contribu-
tion to protein. For calculations of whole-body PB rate,
contribution from exogenous Phe and Tyr were sub-
tracted from total Ra. The following equations were used
to calculate whole-body PS, PB, and NET [9]:

0.209 —o— WHEY

—=— EAA+W
—=— MEAL

- L-[ring-zHS]-phenylalanine

tracer-to-tracee
(=]
=
[—}
]

L-[ring-2H4]-tyrosine
0.00 T T T T 1

0 100 200 300 400 500
Time (min)

Fig. 3 Mean £ SD (n = 10). Stable-isotope enrichments during the
infusion studies
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Total plasma R, = F/E
Fractional R, of Tyr from Phe = Etyr m14/Ephe M5

Phe hydroxylation = fractional R, of Tyr from Phe x R, Tyr
PS = [(R, Phe - Phe hydroxylation) x 25]

Exogenous R, Phe = (Ingested Phe x digestibility)
- Phe hydroxylation above basal

PB = [(Total R, Phe - Exogenous R, Phe) x 25]
NET =PS-PB

where E is enrichment of respective tracers at plateau and
expressed as tracer-to-tracee ratio (TTR) or mole percent
excess (MPE), calculated as TTR/(TTR +1). TTR was
used for calculations of PB, whereas MPE was used for
calculations of PS. F is respective tracer infusion rate into
a venous side: Fpp, for phenylalanine tracer. Ery, p 4 and
Ephe M+ 5 are plasma enrichments of tyrosine and phenyl-
alanine tracers at M +4 and M + 5 relative to M +0, re-
spectively. In the fed state, fractional R, of Tyr from Phe
was divided by 0.8 to account for hepatic dilution [33].
The correction factor of 25 is for conversion of phenyl-
alanine values to total protein based on the assumption
that the contribution of phenylalanine to skeletal muscle
protein is 4% (100/4 = 25) [34]. Phe is the amount of ex-
ogenous phenylalanine (g) that appeared in circulation,
which was calculated as total amount of Phe provided (in
the postprandial period only), based on the assumption
that 99.5, 99, and 94% of the ingested Phe was absorbed
for the EAA + W, WHEY, and MEAL, respectively [35,
36]. Phe hydroxylation is the R, of tyrosine derived via hy-
droxylation of phenylalanine. Change in whole-body PS,
PB, and NET were also examined normalized to EAA in-
take by dividing PS, PB, and NET values by the g of EAA
provided in the EAA+W (24g), WHEY (18.7g), and
MEAL (114 g) treatments to determine the synthetic
stimulus per g of EAA consumed.

The plasma Phe and Tyr enrichment curves (Fig. 3)
describe the physiological perturbations resulting from
the digested amino acids in each treatment. Although
the enrichment perturbations nearly returned to plateau
values for both beverages, the infusion was too short for
plasma enrichments to completely return to pre-meal
values. We considered these perturbations when calcu-
lating the Phe enrichment AUCs, and in turn, PS, PB,
and NET. Calculations were conducted using two ap-
proaches: first by using the measured values at 450 min,
and second by imputing values for 450 min representa-
tive of a return to plateau (i.e., time point 270 min). A
comparison of the results revealed nearly identical NET,
PS, and PB values, most likely because by 450 min the
majority of the postprandial physiological response had
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already been characterized. Therefore, the qualitative
findings are consistent with using the measured/physio-
logical values. We acknowledge that the postprandial in-
fusion was also too short to characterize full digestion
and absorption of MEAL. Since the whole-body protein
turnover calculations were executed under the assump-
tion that all exogenous Phe is digested and absorbed
during the measurement period, the total Ry is artifi-
cially increased resulting in an underestimation of PB for
MEAL. However, the intent of the current study was to
evaluate early, acute postprandial responses and the data
we present reflect the whole-body protein turnover that
occurs within this period. All findings should be inter-
preted within this context.

The precursor-product model was used to determine
mixed-MPS (i.e., fractional synthetic rate) [37]:

Mixed - MPS (%/h) = [(EBPZ - EBpl)/(Ep)] X 60
x 100

where Epp; and Egp, are the enrichments of bound L-
[ring-*H;]-phenylalanine in muscle collected pre and
post-exercise (450 min — 180 min). The precursor enrich-
ment (E,) is the calculated AUC for L-[ring-Hs]-phenyl-
alanine enrichment in the plasma extracellular pool from
180 min to 450 min to accurately reflect blood perturba-
tions, which is consistent with our previous work [9] and
others [38]. Factors 60 and 100 were used to express
mixed-MPS as percent per hour. Mixed-MPS was also
normalized to energy intake by dividing mixed-MPS by
the energy provided in the EAA + W (150.3 kcal), WHEY
(172.6 kcal), and MEAL (566.9 kcal) treatments to deter-
mine the synthetic stimulus per kcal consumed.

Statistical analysis

Previous research examining NET [19] was used to deter-
mine statistical power and sample size. An expected mean
difference of 18.9 g/180 min in NET between the EAA +
W, WHEY and MEAL treatments, a SD of 2.0 g/180 min,
and an o of 0.05, were used to detect differences with a
minimum of 10 volunteers. This sample size also provided
>85% power to detect differences in mixed-MPS between
study treatments based on an expected mean difference of
0.01%/h between the EAA + W, WHEY, and MEAL treat-
ments, a SD of 0.01%/h, and an « of 0.05 [38—40].

The primary outcomes for this study were whole-body
protein turnover responses to ingesting EAA + W,
WHEY, and MEAL and mixed-MPS responses across
the exercise plus postprandial recovery period. Second-
ary outcomes included EAA, leucine, phenylalanine,
tyrosine, and insulin concentrations over time and incre-
mental area under the curve (iIAUC) following EAA + W,
WHEY, and MEAL ingestion.
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Linear mixed models, with participant treated as a ran-
dom effect, were used to determine the effects of treatment
(EAA + W, WHEY, and MEAL), condition (postabsorptive
and postprandial), and their interaction (treatment-by-con-
dition) on whole-body protein kinetics and phenylalanine
hydroxylation. A one-way repeated measures analysis of
variance (ANOVA) was used to determine the effects of
treatment (EAA + W, WHEY, and MEAL) on change in (A
postabsorptive + exercise/postprandial + recovery) whole-
body protein kinetics and mixed-MPS. Where the magni-
tude of difference between treatments or conditions is pre-
sented, the value of the mean difference (95% CI) is
reported. Two-way repeated measures ANOVA were used
to determine the effects of treatment (EAA + W, WHEY,
and MEAL), time (min), and their interaction (treatment-
by-time) on plasma EAA, leucine, phenylalanine, tyrosine,
and insulin concentrations. EAA, leucine, phenylalanine,
tyrosine, and insulin were also calculated using iAUC [41]
and one-way repeated measures ANOVA were used to
evaluate whether iAUC differed between EAA + W, WHEY,
and MEAL. One-way repeated measures ANOVA were
used to assess potential changes in body composition (i.e.,
fat-free mass and fat mass at baseline and the end of each
energy deficit period), body mass (i.e., day 1 of each run-in
and day of each infusion study), change in body mass dur-
ing each deficit (i.e., day 3 of each run-in minus day of each
infusion study), and exercise intensity of LC during each in-
fusion study. Paired samples t-test were used to determine
decreases in body mass during each energy deficit (ie., day
3 of each run-in and day of each infusion study). Bonferroni
post hoc comparisons were used if main or interaction ef-
fects were significant. Data for all primary outcomes exhib-
ited normality as assessed by Shapiro-Wilk, therefore
parametric statistics were used. Sphericity was assessed for
all data using Mauchly’s Test of Sphericity and when ap-
propriate, the Huynh-Feldt correction was applied. Trial
order effects were examined using a linear mixed model for
whole-body PS, PB, and NET and a one-way repeated mea-
sures ANOVA for MPS and confirmed no order effects. All
statistical analyses were performed with IBM SPSS software
(version 26; IBM Corp. Armonk, NY, USA). Significance
was set at P < 0.05 and data are presented as means + SD.

Results

Body mass on day 1 of each run-in diet was the same
(P =0.76; Table 3). Body mass was reduced during the
energy deficit in all treatments (all, P=0.01) and the
magnitude of reduction was the same between treat-
ments (P = 0.81). Therefore, body mass on the day of the
infusion studies was the same between treatments (P =
0.92). There was a main effect of time point for fat-free
mass (P = 0.044), however post-hoc comparisons indi-
cated no differences in fat-free mass measured at base-
line and at the end of each energy deficit or between
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Table 3 Body composition'
Baseline EAA + W WHEY MEAL EAA + W WHEY MEAL

Run-in Day 1 Run-in Day 1 Run-in Day 1 Infusion Study Infusion Study Infusion Study
Body mass (kg) 776+91  785+90° 787 +88° 783+847 768 + 94° 76.9 + 84° 768 + 85P
A Body mass (kg) -1.1+05 -12+07 -13+12
Fat-free mass (kg) 556+ 89 -—- - - 546 + 9.1 545 + 83 549 + 86
Fat mass (kg) 192+56 193 +£56 194 +62 190+ 55

'Values are means = SD. A defined as change from run-in day 3 and the infusion study day. Different lowercase letter superscripts indicate difference between
body mass on run-in day 1 and on the infusion study day within the same treatment (all, P=0.01)

each energy deficit (all, P > 0.1). Fat mass was the same
at baseline and at the end each energy deficit and be-
tween each energy deficit (P =0.73). Run-in and energy
deficit diet characteristics as well as the magnitude of
energy deficit incurred did not differ between treatments
(each variable, P > 0.1; Table 4).

Exercise intensity

Exercise characteristics are listed in Table 5. VOype,ic did
not differ between baseline, washout one, and washout
two (P=0.11; Table 5). Exercise intensity, as measured
by VO,, during the LC bouts did not differ between
treatments (P = 0.82).

Whole-body protein turnover and mixed-MPS
Postabsorptive whole-body PS, PB, and NET did not dif-
fer (all, P > 0.5) between treatments (Fig. 4a-c).

Table 4 Dietary intake during each intervention period '

A treatment-by-condition interaction (P =0.001) was
observed for whole-body PS such that postprandial PS
was greater than postabsorptive PS for WHEY and EAA +
W (P=0.008 and P=0.001, respectively), but not for
MEAL (P = 0.6). Postprandial PS for EAA + W was 14.3 g/
180 min (10.6, 18.4; P=0.001) and 19.7 g/180 min (15.8,
23.6; P=0.001) greater than both WHEY and MEAL re-
spectively, and postprandial PS for WHEY was 5.2 g/180
min (1.3, 9.1); P=0.006) greater than MEAL (Fig. 4a). A
treatment-by-condition interaction (P=0.011) was ob-
served for whole-body PB such that postprandial PB was
lower than postabsorptive PB in all treatments. In the
postprandial state, PB was - 7.8 g/180 min (- 12.3, - 3.2);
P=0.001, and-9.1g/180 min (-13.7, -4.5); P=0.001)
lower for EAA+W and MEAL, respectively, versus
WHEY, but did not differ between EAA + W and MEAL
(P=1.0, Fig. 4b). A treatment-by-condition interaction
(P =0.001) was observed for NET such that postprandial

Baseline® EAA +W WHEY MEAL EAA+W WHEY MEAL
Run-in Run-in Run-in Energy deficit Energy deficit Energy deficit
Absolute Intake (kcal/d or g/d)
Energy 28755+801.8 232562479 2351.2+2480 2316.2 + 2544 16244 £ 211.2 1623.7 £ 2026 1623.1 + 2089
Protein 1181+314 1264+165 128.1+158 1281+158 1257 £ 163 1253 £ 151 1262 + 157
Carbohydrate 3194 +86.8 3123+313 313+31.3 3093 +31.7 1905 + 285 190.8 + 27.1 1904 + 274
Fat 1040+ 355 675+83 69.5+83 672+88 418 £ 42 420+ 47 416+ 46
Relative Intake (kcal */kg/d or g/d)
Energy 369 +£8.1 297£18 301£14 296£16 21.0£15 21.0£13 210£13
Protein 1.6+06 16£0.1 16+00 1.6+£0.1 1.6+ 0.1 16+ 0.1 16 £ 0.1
Carbohydrate 41£10 40+02 40+02 40402 25+02 25+02 25+02
Fat 13+04 09+0.1 09+0.1 09+0.1 05+00 05+00 05+00
Energy Intake (%)
Protein 17+4 22+1 22+1 2241 31+1 3141 31+2
Carbohydrate 46+7 54+1 53+1 53+1 47 £ 47 + 1 47 £ 1
Fat 33£3 27 £1 26+ 1 26+ 1 23+1 232 23 +1
Energy Deficit (%)
Energy - - - - 303+33 310+ 36 300+ 34

! Values are means + SD (n = 10). Dietary intake was directly measured during each 3 d run-in and 5 d energy deficit diet

2 Estimated intakes derived from 3 d dietary recalls
31 keal = 4184 joules
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Table 5 VO,.,« and exercise characteristics'
Baseline Washout 1 Washout 2 EAA +W WHEY MEAL
Infusion day Infusion day Infusion day
VOspeak (ML/kg/min) 464+ 64 46.7+59 453+63 - -— —
Load Carriage VO, (mL/kg/min) — 220+28 221+25 221+28
70% of Estimated 1RM 2120+415 — — 2120415 2120415 2120+415

'Values are means + SD

versus postabsorptive NET was increased in all treat-
ments. Postprandial NET was 22.3 g/180 min (20.2, 24.4;
P=0.001) and 18.4g/180min (16.3, 20.5; P=0.001)
greater in EAA + W than WHEY and MEAL, respectively,
and was also 3.9 g/180 min (1.8, 6.0; P =0.001) greater in
MEAL versus WHEY (Fig. 4c).

Changes in whole-body PS were 15.8 g/180 min (9.8,
21.9; P=0.001) and 19.4 g/180 min (14.8, 24.0; P=0.001)
greater for EAA + W than WHEY and MEAL, respectively,

but did not differ between WHEY and MEAL (P = 0.09,
Fig. 4d). Reductions in whole-body PB were 6.3 g/180 min
(-11.5, - 1.18; P=0.02) greater for EAA + W than WHEY
and 7.7g/180min (-11.9, -3.6; P=0.002) greater for
MEAL than WHEY, but did not differ between EAA + W
and MEAL (P =0.37, Fig. 4d). As a result, change in NET
was 22.1 g/180 min (20.5, 23.8; P=0.001) and 18.0g/180
min (16.5, 19.5; P = 0.001) more positive for EAA + W than
WHEY and MEAL, respectively (Fig. 4d). Also, change in
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Fig. 4 a: Mean + SD (n = 10). Postabsorptive plus exercise and postprandial post-exercise recovery whole-body protein synthesis after WHEY, EAA + W,
and MEAL intake during energy deficit. *indicates post hoc difference between postabsorptive and postprandial within the same treatment (P = 0.001)
and different lowercase letters indicate post hoc difference between treatments within the same condition (both, P < 0.01). b: Mean £ SD (n = 10).
Postabsorptive plus exercise and postprandial post-exercise recovery whole-body protein breakdown after WHEY, EAA + W, and MEAL intake during
energy deficit. *indicates post hoc difference between postabsorptive and postprandial within the same treatment (P =0.011) and different lowercase
letters indicate post hoc difference between treatments within the same condition (both, P =0.001). ¢: Mean + SD (n = 10). Postabsorptive plus
exercise and postprandial post-exercise recovery whole-body net balance after WHEY, EAA + W, and MEAL intake during energy deficit. *indicates post
hoc difference between postabsorptive and postprandial within the same treatment (P = 0.001) and different lowercase letters indicate post hoc
difference between treatments within the same condition (both, P = 0.001). d: Mean + SD (n = 10). Change in postabsorptive plus exercise and
postprandial post-exercise recovery whole-body protein turnover after WHEY, EAA + W, and MEAL intake during energy deficit. Different lowercase
letters indicate difference between treatments within the protein synthesis, protein breakdown, and net balance measures (all, P < 0.05). e: Change in
postabsorptive plus exercise and postprandial post-exercise recovery whole-body protein synthesis relative to EAA intake after WHEY, EAA + W, and
MEAL intake during energy deficit. Different lowercase letters indicate difference between treatments (all, P < 0.05). f: Mean + SD (n = 10).
Postabsorptive plus exercise and postprandial post-exercise recovery phenylalanine hydroxylation after WHEY, EAA + W, and MEAL intake during
energy deficit. *indicates post hoc difference between postabsorptive and postprandial within the same treatment (P = 0.001) and different lowercase
letters indicate post hoc difference between treatments within the same condition (both, P = 0.001)
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NET was 4.2 g/180 min (2.7, 5.6; P =0.001) more positive
for MEAL than WHEY (Fig. 4d). Changes in whole-body
PS relative to EAA intake were 0.61 g/180 min/g EAA
(0.32, 0.90; P=0.001) and 0.77 g/180 min/g EAA (0.48,
1.07); P=0.001) greater for EAA+W than WHEY
and MEAL, respectively, but did not differ between
WHEY and MEAL (P =0.32, Fig. 4e).

Postabsorptive phenylalanine hydroxylation did not
differ between treatments (all, P>0.5). Postprandial
phenylalanine hydroxylation was greater than postab-
sorptive phenylalanine hydroxylation for EAA + W and
WHEY (treatment-by-condition, P =0.001), but not
MEAL (P=0.5). Postprandial phenylalanine hydroxyl-
ation was 0.07 pmol/kg/min (0.04, 0.09; P =0.001) and
0.09 pmol/kg/min (0.07, 0.11; P=0.001) greater for
EAA +W than WHEY and MEAL, respectively, and
0.02 pmol/kg/min (0.00, 0.04; P=0.044) greater for
WHEY than MEAL (Fig. 4f). Mixed-MPS did not differ
(P=0.68) between WHEY, EAA+W, and MEAL
(Fig. 5a). Mixed-MPS relative to the energy content
when consuming WHEY and EAA + W did not differ
(P =0.063), but were 0.00021%/h (0.00013, 0.00029; P =
0.001) and 0.00027%/h (0.00022, 0.00033; P=0.001)
greater, respectively, than MEAL (Fig. 5b).

Amino acid and insulin concentrations

A treatment-by-time interaction (all, P =0.001) was ob-
served for plasma EAA, leucine, phenylalanine, and tyro-
sine concentrations. EAA, phenylalanine, and tyrosine
concentrations increased (all, P<0.05) over time until
peaking between 330 and 390 min for EAA +W and
WHEY. EAA and phenylalanine peak concentrations were
greater for EAA + W, followed by WHEY, and then MEAL
(all, P<0.05, Fig. 6a, c). Tyrosine peak concentrations
were greater for WHEY followed by EAA + W, and then
MEAL (all, P=0.05, Fig. 6d). Leucine concentrations
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increased (all, P <0.05) over time until peaking between
330 and 390 min similarly for EAA + W and WHEY and
were greater for EAA + W and WHEY than MEAL (all,
P <0.05, Fig. 6b). Insulin concentrations increased and
peaked between 270 and 330 min in all treatments (main
effect time, P =0.001, Fig. 6e). There was also a main ef-
fect of treatment (P =0.04) such that insulin concentra-
tions for MEAL were greater than EAA + W (P = 0.03, Fig.
6e). There were no differences in insulin concentrations
between MEAL and WHEY (P=0.26) or EAA + W and
WHEY (P = 1.0, Fig. 6e). EAA and phenylalanine concen-
tration iAUCs were greater for EAA + W, followed by
WHEY, then MEAL (all, P<0.01, Table 6). Tyrosine
iAUC was greater for WHEY, followed by EAA + W, then
MEAL (all P<0.01, Table 6). Leucine iAUC was similar
between EAA + W and WHEY, but both were greater
than MEAL (both, P<0.01, Table 6). Insulin concentra-
tion iAUC did not differ between treatments (P =0.54,
Table 6).

Discussion

The purpose of this study was to determine the effects of
various EAA/protein delivery formats on post-exercise
whole-body protein balance in healthy, young adults after
a 5 d, 30% energy deficit. Mixed-MPS responses to the
combined effects of exercise and recovery feeding were
also determined. The primary finding of this work was
that post-exercise NET was greatest after EAA + W inges-
tion. The superior postprandial NET response following
EAA + W was related to a greater increase in peripheral
EAA, and a greater increase in PS compared to the other
treatments. In addition, there was a greater reduction in
PB with EAA + W compared to WHEY. Regardless of dif-
ferences in NET, mixed-MPS was the same across treat-
ments. However, EAA +W and WHEY had a greater
anabolic response when normalizing mixed-MPS to total
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Fig. 6 a Mean = SD (n = 10). Plasma essential amino acid concentrations after WHEY, EAA + W, and MEAL intake during energy deficit. Different
symbols indicate post hoc difference (all, P < 0.05) between treatments within a time point. Different lowercase letters indicate post hoc difference
between time points within a treatment (all, P < 0.05). b Plasma leucine concentrations after WHEY, EAA + W, and MEAL intake during energy deficit.
Different symbols indicate post hoc difference (all, P < 0.02) between treatments within a time point. Different lowercase letters indicate post hoc
difference between time points within a treatment (P < 0.03). ¢ Plasma phenylalanine concentrations after WHEY, EAA + W, and MEAL intake during
energy deficit. Different symbols indicate post hoc difference (all, P < 0.02) between treatments within a time point. Different lowercase letters indicate
post hoc difference between time points within a treatment (P < 0.05). d Plasma tyrosine concentrations after WHEY, EAA + W, and MEAL intake
during energy deficit. Different symbols indicate post hoc difference (all, P < 0.04) between treatments within a time point. Different lowercase letters
indicate post hoc difference between time points within a treatment (P < 0.03). @ Mean + SD (n = 10). Plasma insulin concentrations after WHEY,

EAA +W, and MEAL intake during energy deficit. Different symbols indicate difference between treatment independent of time point (P = 0.04).
Different lowercase letters indicate difference between time points independent of treatment (P < 0.01)
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Table 6 Plasma amino acid and insulin concentrations presented as incremental area under the curve'

EAA +W

WHEY MEAL

Incremental Area Under Curve
EAA (umol/L/180 min) 208,148.1 + 53,066.6 °
54,0545 + 10,469.3 °
10,617.8 + 27375 °
53180 + 17154 °

7806.8 + 5614.3

leucine (umol/L/180 min)
phenylalanine (umol/L/180 min)
tyrosine (umol/L/180 min)
insulin (pmol/L/180 min)

149/433.2 + 40,539.0 ®
50,599.2 + 11,1789 °

45886 + 18,9905
21798 + 31122 °

1780.7 + 12923 ° 775 + 11683 ©
95432 + 31185 ° 4214 +8172°¢
5992.1 + 40422 61795 + 59159

Walues are means + SD (n = 10). Incremental area under the curve for plasma amino acid and plasma insulin concentrations measured during the infusion studies.
Different lowercase letter superscripts indicate difference (all, P < 0.01) between treatments for each variable detected using repeated measures ANOVA. EAA,

essential amino acid

energy intake, suggesting a greater efficiency of these for-
mats in maintaining MPS. The data suggest that consum-
ing high-quality intact protein enriched with free-form
EAA elicits enhanced whole-body protein balance com-
pared to the other iso-nitrogenous formats. Therefore, the
combined EAA/protein delivery format may be an effect-
ive strategy to offset body protein loss during the catabolic
stress of energy deficit.

The marked increase in NET after ingesting EAA + W
confirms our hypothesis that changes in NET reflect in-
creases in circulating EAA concentrations. These find-
ings extend our previous study [42] which demonstrated
greater NET after ingesting EAA-enriched whey com-
pared to an iso-nitrogenous whey-based recovery prod-
uct. In the current study, greater NET after ingesting
EAA + W was due to a robust increase in PS and con-
comitant reduction in PB. Based upon previous work
[42, 43], it is likely that the resultant NET was largely
driven by the circulating EAA profiles. The enhanced
peripheral EAA concentrations induced by the free-form
and whey-derived components of EAA + W provide the
required EAA to initially stimulate PS, as well as the
non-EAA for a sustained increase of PS [44, 45]. In
addition, a dose-dependent inhibition of PB by EAA has
been demonstrated in the splanchnic region, independ-
ent of any insulin-specific effects [46]. Lastly, the non-
EAA component of the EAA + W likely also provides for
a greater use of exogenous EAA for PS, rather than their
conversion to non-EAA.

Interestingly, reductions in PB were similar between
EAA + W and MEAL. The greater reduction in PB with
MEAL was likely due in part to the energy in the MEAL
(567 kcals) compared to EAA + W (173 kcals). Given the
catabolic stress of energy deficit, the substantial exogenous
energy supplied by MEAL may have reduced the require-
ment for endogenous proteins to provide precursor amino
acids used for gluconeogenesis and energy yielding pur-
poses [47]. Regardless, NET was greater for EAA + W due
to a greater stimulation of PS. This stimulation supports
the effectiveness of this EAA/protein format to enhance
whole-body protein balance in the post-exercise recovery

period during energy deficit. As mentioned, the current
whole-body protein turnover data is limited to the post-
prandial period and should be interpreted within the con-
text an acute, early postprandial response. However, the
plasma EAA concentrations support the whole-body pro-
tein turnover data, indicating that peripheral EAA concen-
trations dictate the whole-body kinetic response. The
MEAL is therefore a less efficient and less anabolic EAA/
protein format compared to EAA + W. Achieving an iso-
EAA comparison between these formats would have re-
quired more than twice the amount of food and energy
(i-e, 1193 kcal) than the MEAL. However, it is important
to note that when whole-body protein turnover is normal-
ized to EAA intake, the change in PS is still greatest fol-
lowing EAA + W.

In addition to measuring whole-body protein turnover,
our intent was to determine whether the free-form EAA
component, or absence of free-from EAA, within each
EAA/protein format would impact mixed-MPS. Despite
the enhanced peripheral EAA concentrations with
EAA + W, mixed-MPS was equally stimulated between
treatments during a combined exercise and recovery
period. Lack of an effect in mixed-MPS despite differ-
ences in peripheral EAA availability is in agreement with
our previous work, showing no difference in mixed-MPS
responses to post-exercise ingestion of two doses of
free-form EAA during energy deficit [9]. While we can-
not report the extent to which mixed-MPS was stimu-
lated in the current study, the lack of differences
between treatments is likely due to that fact that during
energy deficit rapidly absorbed exogenous amino acids,
both EAA and non-EAA, are prioritized centrally (i.e.,
liver, splanchnic region) to meet whole-body amino acid
and energy (i.e., provision of carbon skeletons) require-
ments. This metabolic prioritization during energy def-
icit is highlighted by the similar mixed-MPS effect
across treatments despite significantly lower aminoacide-
mia in the MEAL condition, which might be expected to
result in lower mixed-MPS under normal physiological
conditions (i.e., energy balance). Metabolic prioritization
is also reflected in the demonstrated changes in whole-
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body protein turnover between formats despite no
difference in mixed-MPS. Regardless of similar abso-
lute mixed-MPS, an important finding was that
EAA +W and WHEY resulted in greater mixed-MPS
when normalized to total energy intake. The greater
synthetic response achieved by the less energy dense
formulations highlights the greater energy efficiency
of these EAA/protein formats for supporting MPS
compared to MEAL.

Practical dietary strategies for attenuating the deleteri-
ous effects of unavoidable energy deficits experienced by
military personnel during strenuous training or combat
operations on whole-body protein balance and MPS re-
main limited. In addition to the optimal delivery of
EAA/protein required to enhance protein kinetics under
physiological stress, nutrition within military operational
environments requires that protein formats be easy to
carry and convenient to consume [15]. For example,
while current combat rations are designed to provide ad-
equate nutrition when consumed in their entirety, inad-
equate intakes result from the limited time to eat and
the limited capacity to carry food [48]. Lightweight, eat-
on-the-go products provide a practical opportunity to
reduce the mass military personnel must carry on their
person compared to current combat ration formats. Our
results indicate that a formulation of EAA-enriched, low
dose whey represents a logistically feasible and easily
consumed EAA/protein format which induces whole-
body protein anabolism. The enhanced whole-body ana-
bolic response, more efficient MPS response, and the
manageable serving size and preparation of the EAA-
enriched whey highlights both physiological and prac-
tical benefits for this format as an eat-on-the-go supple-
mental food. Beyond the military setting, this EAA/
protein format would be useful for weight-class athletes
seeking to maintain protein anabolism during planned
periods of energy deficit.

In conclusion, EAA-enriched whey enhanced NET
versus iso-nitrogenous amounts of whey isolate and a
mixed-macronutrient meal during a 30% energy deficit.
NET was achieved through an increase in PS and an at-
tenuation of PB. In addition, EAA-enriched whey re-
sulted in similar mixed-MPS rates as the other
treatments, though MPS was more efficient for the given
energy intake since similar rates of MPS were achieved.
These findings indicate that protein-containing food for-
mats which have a high EAA content and achieve rapid
and sustained peripheral EAA concentrations can en-
hance whole-body protein status and efficiently support
MPS during the catabolic stress of underfeeding.
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