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Abstract

High-quality proteins such as soy, whey, and casein are all capable of promoting muscle protein synthesis postexercise by

activating the mammalian target of rapamycin (mTORC1) signaling pathway. We hypothesized that a protein blend of soy

and dairy proteins would capitalize on the unique properties of each individual protein and allow for optimal delivery of

amino acids to prolong the fractional synthetic rate (FSR) following resistance exercise (RE). In this double-blind,

randomized, clinical trial, 19 young adults were studied before and after ingestion of;19 g of protein blend (PB) or;18 g

whey protein (WP) consumed 1 h after high-intensity leg RE. We examined mixed-muscle protein FSR by stable isotopic

methods and mTORC1 signaling with western blotting. Muscle biopsies from the vastus lateralis were collected at rest

(before RE) and at 3 postexercise time points during an early (0–2 h) and late (2–4 h) postingestion period. WP ingestion

resulted in higher and earlier amplitude of blood branched-chain amino acid (BCAA) concentrations. PB ingestion created

a lower initial rise in blood BCAA but sustained elevated levels of blood amino acids later into recovery (P < 0.05).

Postexercise FSR increased equivalently in both groups during the early period (WP, 0.078 6 0.009%; PB, 0.088 6

0.007%); however, FSR remained elevated only in the PB group during the late period (WP, 0.0746 0.010%; PB, 0.0876

0.003%) (P < 0.05). mTORC1 signaling similarly increased between groups, except for no increase in S6K1

phosphorylation in the WP group at 5 h postexercise (P < 0.05). We conclude that a soy-dairy PB ingested following

exercise is capable of prolonging blood aminoacidemia, mTORC1 signaling, and protein synthesis in human skeletal

muscle and is an effective postexercise nutritional supplement. J. Nutr. 143: 410–416, 2013.

Introduction

An increase in amino acid availability following an acute bout of
resistance exercise (RE)11 enhances skeletal muscle protein

synthesis in humans (1–7). In addition, intact protein ingestion
in the form of soy, casein, whey, egg, or beef increases the amino
acid supply to muscle, which further promotes muscle protein
synthesis during postexercise recovery (8–19). However, there is
some disagreement about whether different protein sources
produce superior effects on muscle protein synthesis. The
primary points of contention include the overall protein quality
(i.e., amino acid composition) of the protein source and its
digestion rate (i.e., fast, intermediate, or slow).

High-quality dairy (whey and casein) and plant (soy) protein
sources contain all of the EAAs and they each have distinct traits
thought to offer an advantage for stimulating muscle protein
synthesis (20,21). On average,;20–25 g of high-quality protein
contains ;8–10 g EAAs, which are critical for the regulation of
muscle protein synthesis (22). Whey contains a higher BCAA
content, primarily leucine, compared with other high-quality
proteins (20), and its rapid digestion increases blood amino acid
concentrations shortly following ingestion (9,23–25). This effect
is transient and returns to resting levels within 2–3 h (23,24)
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when consumed independently or following a bout of exercise
(9,25). For these reasons, whey protein (WP) has been consid-
ered to be superior compared with other isolated protein sources
(13,14,25–27). The hyperaminoacidemia occurring with whey
ingestion stimulates additional amino acid oxidation, which
could contribute to reduced nitrogen retention (i.e., whole-body
protein synthesis) (23,24). When a slowly digested protein such
as casein is ingested, it produces a slower but more prolonged
(;6 h) aminoacidemia that results in higher nitrogen retention
and less oxidation (23,24) and is effective in stimulating
postexercise muscle protein fractional synthetic rate (FSR)
(12,16). When these milk proteins (whey and casein) are
co-ingested, the slowly digested protein, casein, not the
whey, contributes the amino acids for a prolonged protein
synthetic effect across the leg (28). Meanwhile, soy protein has
an ‘‘intermediate’’ digestion rate (11,29), contains key prop-
erties not associated with dairy proteins such as antioxidant/
inflammatory activity (30,31), and effectively stimulates
postexercise FSR (11,13) and overall muscle accretion (32,33).

We recently demonstrated in a rodent model that a protein
blend (PB) is effective at prolonging the FSR response compared
with single-source proteins like whey (34). Therefore, we
hypothesized that a PB consisting of soy and dairy proteins
would capitalize on the unique properties of each individual
protein and would optimally deliver amino acids to promote
muscle protein synthesis following RE. To address our hypoth-
esis, we conducted a randomized, double-blind study in young
adults to compare the effect of a PB (soy, casein, and whey) with
a single protein isolate (WP) ingested following a bout of high-
intensity exercise on BCAA blood concentrations, mammalian
target of rapamycin complex 1 (mTORC1) signaling, and FSR
during postexercise recovery.

Participants and Methods

Screening of participants.We recruited 19 healthy, young participants

(17 male, 2 female; age range: 18–30 y) for this double-blind,
randomized, clinical trial. Participant characteristics are shown in Table

1. The participants were recruited through locally posted flyers,

newspaper advertisements, and by word of mouth. The participants

were healthy and recreationally active but were not engaged in any
regular exercise training program (<2 sessions high-intensity aerobic or

RE/wk) at the time of enrollment. Screening of the participants was

performed on 2 separate days (>7 d apart) at the Institute for
Translational Sciences-Clinical Research Center (ITS-CRC). The first

screening day included 1 repetition maximum (1RM) testing, a clinical

history, physical exam, and laboratory tests (complete blood count with

differential, liver, and kidney function tests, coagulation profile, fasting
blood glucose, hepatitis B and C screening, HIV test, thyroid stimulating

hormone, lipid profile, urinalysis, and drug screening). The second

screening day included a second 1RM test and a DXA scan (Hologic

QDR 4500W) to measure lean and fat mass. 1RM testing was performed
on a leg extension machine (Cybex-VR2) and recorded as the highest

weight lifted for a single repetition from the 2 testing days. All

participants gave written informed consent before enrollment in the
study. The study was approved by the Institutional Review Board of

the University of Texas Medical Branch and was in compliance with the

Declaration of Helsinki as revised in 1983.

Study design. Enrolled participants checked into the ITS-CRC at

;1700 h the day prior to the study. Participants refrained from exer-

cise at least 72 h before admission. The participants were given a

standardized meal at 1900 h prepared by the Bionutrition Division of the
ITS-CRC with a macronutrient distribution of 20% protein, 60%

carbohydrate, and 20% fat at 12 kcal�kg body weight21. Participants

consumed water ad libitum. The participants were randomized to ingest

either the protein blend (n = 10 PB) or whey protein (n = 9 WP) at 1 h
following a bout of high-intensity leg RE. The leucine content in the

protein beverages was matched by adjusting the total amount given to

control for its protein anabolic effect.

Experimental protocol. All participants underwent the stable isotope

infusion protocol (Fig. 1) at the same time of day (0600–1600 h) on the

day following admission. After an overnight fast (;10 h), an 18G
polyethylene catheter was inserted into the antecubital vein from which

background blood draws were taken, followed by initiation of a primed,

constant infusion (;10 h) of L-[ring-13C6] phenylalanine (Sigma-

Aldrich). The priming dose for the labeled phenylalanine was 2
mmol � kg21 and the infusion rate was 0.05 mmol � kg21 � min21. A

retrograde catheter was inserted (0700–0800 h) into a hand vein on the

contralateral arm and arterialized blood was extracted with the use of a

heating pad prior to sampling. At 2 and 4 h following initiation of the
infusion, muscle biopsies were taken from the lateral aspect of the vastus

lateralis for the determination of resting mixed muscle FSR. All biopsies

were taken with a 5-mmBergström biopsy needle under sterile procedure
and local anesthesia (1% lidocaine). Following the second biopsy, the

participants were moved to a leg extension machine for high-intensity

RE consisting of 8 sets of 10 repetitions at 55% (set 1), 60% (set 2), 65%

(set 3), and ;70% (sets 4–8) of the participants� previously determined
1RM with a 3-min rest between sets. Three additional muscle biopsies

were taken 1, 3, and 5 h after the completion of exercise. The nutritional

supplements were ingested immediately following the 1-h biopsy. The

first and second, the third and fourth, and the fifth muscle biopsies were
sampled from 3 separate incisions on the same leg, respectively. To

minimize multiple sampling, in a given area, skin incisions were

separated by ;7 cm and biopsies taken from the same incision were

angled ;5 cm from each other. This method was previously utilized in
our laboratory (35–37) and others (12,18,38). Muscle tissue was

immediately blotted, frozen in liquid nitrogen, and stored at 280�C
until analysis. Blood samples were collected during the resting (0, 120,
180, 200, and 240 min) and postingestion (260, 0, 20, 40, 60, 80, 100,

120, 140, 160, 180, 200, 220, and 240 min) periods (Fig. 1) for the

determination of blood L-[ring-13C6] phenylalanine enrichment (see

below) and amino acid concentration. The infusion study ended
following the fifth muscle biopsy and participants were then given a

standard meal.

Protein beverage intervention. The protein beverages (WP or PB)
were consumed 1 h following exercise. The beverages were dissolved in

300 mL of water and enriched (8%) with L-[ring-13C6] phenylalanine to

maintain isotopic steady state in arterialized blood. The compositions of

the beverages are shown in Supplemental Table 1. To match leucine
contents between the interventions, participants were given 0.30 or 0.35

g total protein � kg lean mass21 for WP and PB, respectively. The PB

consisted of 19.36 1.1 g total protein (providing 1.86 0.1 g leucine and
8.7 6 0.5 g EAAs) composed of 50% protein from sodium caseinate,

25% protein fromWP isolate, and 25% protein from soy protein isolate

(SUPRO). The WP consisted of 17.7 6 0.9 g protein (providing ;1.9 6
0.1 g leucine and 8.96 0.4 g EAAs). The amount of protein given in each
group was based on the 8.6 g of EAA in intact protein demonstrated to

maximize the FSR response following RE (19).

Free blood amino acid concentration and plasma glucose, lactate,

and serum insulin. Concentrations of phenylalanine and the BCAAs

(leucine, isoleucine, and valine) were measured in deproteinized whole

blood using GC-MS as previously described using an internal standard

TABLE 1 Participant characteristics1

n Age BMI Fat FFM Lean mass

y kg/m2 % kg kg

PB 10 23.1 6 1.0 25.9 6 0.8 24.3 6 1.7 60.3 6 3.5 57.3 6 3.3

WP 9 25.1 6 1.2 25.5 6 1.0 24.1 6 2.5 61.2 6 3.0 57.9 6 2.8

1 Data are mean 6 SEM. FFM, fat-free mass; PB, protein blend; WP, whey protein.
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solution (39,40). Serum concentrations of insulin were determined with

an ELISA (Millipore) according to the manufacturer�s instructions at rest
and before and for several time points following beverage ingestion.
Also, plasma glucose and lactate concentrations were measured using an

automated glucose and lactate analyzer (YSI).

Muscle protein synthesis and enrichment. Muscle proteins and

muscle intracellular free amino acids were extracted from biopsy sam-

ples as previously described (35). GC-MS (GCMS, 6890 Plus CG,

5973N MSD, 7683 autosampler, Agilent Technologies) measurements
were made to determine muscle-bound and intracellular free concentra-

tions with the internal standard method through the use of tracer en-

richments for L-[ring-13C6] phenylalanine and appropriate internal
standards (L-[15N] phenylalanine). Measurements were determined as

previously described (40). Mixed-muscle, protein-bound phenylalanine

enrichment was analyzed by GC-MS after protein hydrolysis and amino

acid extraction (22,35) using the external standard curve approach (41).
We calculated muscle protein synthesis as FSR by measuring the

incorporation rate of the phenylalanine tracer into the proteins

(Δ protein-bound enrichment over time) and using the precursor-product

model to calculate the synthesis rate:

FSR¼ ðDEr=tÞ=½ðEMð1Þ þ EMð2ÞÞ=2� � 60 � 100;

where DΕp is the increment in protein-bound phenylalanine enrichment
between 2 sequential biopsies, t is the time between the 2 sequential

biopsies, and EM(1) and EM(2) are the phenylalanine enrichments in the

free intracellular pool in the 2 sequential biopsies. Data are expressed as

percent per hour.

SDS-PAGE and western-blot analysis. Immunoblotting was per-
formed as previously described (35). In brief, 20–50 mg frozen muscle

tissue was processed and assayed for total protein content. After further

processing, each sample (50 mg total protein) was loaded in duplicate

onto a 7.5 or 15% polyacrylamide gel (Criterion; Bio-Rad) and subjected
to electrophoresis at 150 V for 70 min. Following electrophoresis,

proteins were transferred to a polyvinylidene difluoride membrane (Bio-

Rad) that was then blocked in 5% nonfat dried milk. Membranes (blots)

were then incubated with a single, primary antibody overnight at 4�C.
Rabbit polyclonal primary antibodies (Cell Signaling) used were the

following: Akt (Ser308), mTOR (Ser2448), S6K1 (Thr389), 4E-BP1

(Thr37/46), and ribosomal protein S6 (Ser240/244). Blots were incu-
bated with secondary antibody (Amersham Bioscience), washed, and

then a chemiluminescent solution (ECL plus; Amersham BioSciences)

was applied. OD measurements were then immediately obtained with a

digital imager (Bio-Rad) and densitometric analysis (Quantity One
software, version 4.5.2; Bio-Rad) was performed. Following detection of

phosphorylated proteins, blots were stripped of primary and secondary

antibodies and then reprobed for total protein, which was determined

for each blot. Data were normalized to an internal control and expressed
as phosphorylated:total protein.

Statistical analysis. All values are expressed as mean 6 SEM. Data

were transformed using the Box-Cox set of transformations to stabilize

the variance and make the data approximately normally distributed. To
test differences between groups, the data were modeled using an

ANCOVA model with resting values as a covariate. Testing differences

was thus accomplished through a t test of the variable indicating the
difference between groups. Comparisons with resting values were based

on inference of the intercept in the ANCOVA model after centering the

response and resting variables. Each time point was modeled separately.

Significance was set at P < 0.05. All calculations were done in R (42).

Results

Subject characteristics. Descriptive characteristics for all
participants are shown in Table 1. The participants had similar
1RM values of 119 6 10 and 130 6 10 kg and their total mean
weight lifted was 63 6 2 and 62 6 2% of their 1RM for the PB
and WP groups, respectively. There were no differences between
groups.

Insulin, glucose, and lactate. Serum insulin concentrations
were elevated (P < 0.05) above rest until 40 and 60min following
ingestion in the PB and WP groups, respectively (Supplemental

Table 2). There were no differences between groups. Plasma
glucose concentrations were unchanged following protein inges-
tion. Plasma lactate concentrations were elevated (P < 0.05)
above rest until 60 min following ingestion in the PB group and
80 min in the WP group. Further, lactate concentrations tended
to be lower at 60 min (P = 0.07) and were lower 80 min (P <
0.05) postingestion in the PB group compared with the WP
group.

Blood amino acid concentrations. Phenylalanine concentra-
tions were elevated (P < 0.05) from rest in the WP group until
100 min following ingestion, whereas they remained elevated in
the PB group to 180 min (P < 0.05) (Fig. 2). Phenylalanine
concentrations were significantly greater in the WP group at 40
min and in the PB group at 80, 120, 140, 160, and 180 min after
ingestion (P < 0.05). Leucine and isoleucine concentrations were
elevated from rest in both groups for the duration of postexercise
recovery (P < 0.05). The WP group had higher peak leucine
concentrations at 40 and 60 min after ingestion and higher
isoleucine concentrations at 40, 60, 80, and 100 min after
ingestion compared with the PB group (P < 0.05). Valine
concentrations were elevated from rest in the WP group until
140 min following ingestion (P < 0.05), whereas in the PB group,
valine concentrations remained elevated for the duration of

FIGURE 1 Schematic of random-

ized, double-blinded experimental pro-

tocol. Participants ingested either the

PB or WP 1 h following the completion

of 8 sets of knee extension RE. The

small arrows represent blood draws

whereas the large arrows represent

biopsies. FSR, fractional synthesis

rate; PB, protein blend; RE, resistance

exercise; WP, whey protein.
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postexercise recovery (P < 0.05). Valine concentrations where
higher in the WP group at 40 and 60 min and the PB group had
higher concentrations at 140, 160, 180, 220, and 240 min after

ingestion (P < 0.05). Total BCAA concentrations were elevated
from rest in both groups for the duration of postexercise
recovery (P < 0.05). Total BCAA concentrations were higher in
the WP group at 40 and 60 min compared with the PB group
(P < 0.05), whereas BCAA tended to be higher in the PB group at
180 min after ingestion (P = 0.06).

Blood and muscle intracellular enrichments. Blood phenyl-
alanine enrichments did not change over time (P > 0.10).
However, the enrichments at 180 min postingestion were higher
in the WP than in the PB group (P < 0.05). Muscle intracellular
phenylalanine enrichments were steady state during the treat-
ment period, but during the resting period, the enrichments
increased over time in both groups (P < 0.05). The muscle
intracellular phenylalanine enrichments did not differ during the
treatment period (P > 0.10) but tended to be lower in PB than in
WP at 2120 min (P = 0.07) (Supplemental Fig. 1).

Muscle mTORC1 signaling. There were no group effects for the
phosphorylation status of mTORC1 (Ser 2448), Akt (Thr308), 4E-
BP1 (Thr37/42), rpS6 (Ser240/244), and S6K1 (Thr389) at rest
(data not shown) or postexercise (P < 0.05) (Table 2; representative
blots in Supplemental Fig. 2). Compared with rest, phosphoryla-
tion increased for mTORC1, rpS6, and 4E-BP1 at 2 and 4 h
postingestion in both groups (P < 0.05). In the PB group, the
phosphorylation of S6K1 increased at 2 and 4 h postingestion
(P < 0.05), whereas the S6K1 phosphorylation in theWP group only
tended to increase at 2 h postingestion (P = 0.07). Akt phospho-
rylation increased at 2 h postingestion in both groups (P < 0.05).

FSR. Resting muscle protein synthesis (mixed-muscle FSR) did
not differ between the PB andWP groups (P > 0.10) (Fig. 3). The
postexercise FSR was elevated from resting values for the early
(0–2 h) (P = 0.001), late (2–4 h) (P = 0.030), and entire (0–4 h)
(P < 0.001) post-protein ingestion periods in the PB group. In the
WP group, postexercise FSR was elevated from resting values
during only the early (P = 0.026) and entire (P = 0.002) periods,
but not the late (P > 0.10) period. There were no group effects at
any time point (P > 0.10).

Discussion

Proteins from milk (casein and whey), soy, beef, and egg are
effective in stimulating postexercise muscle protein synthesis (8–
17,19,20). Several studies have focused on WP and its effects on

FIGURE 2 Changes from rest in blood phenylalanine (A), leucine

(B), valine (C), isoleucine (D), and total BCAA (E) concentrations in

young adults during the postexercise recovery period following

ingestion of the PB or WP 1 h after completion of RE. Data are

mean 6 SEM, n = 9 (WP) or 10 (PB). #Different from PB at that time,

P , 0.05; *different from resting values for WP, P , 0.05; ^different

from resting values for PB, P, 0.05. PB, protein blend; RE, resistance

exercise; WP, whey protein.

TABLE 2 Western-blot analyses of synthesis-associated
signaling proteins in young adults during the postexercise
recovery period following ingestion of the PB or WP 1 h after
completion of RE1

2 h postingestion 4 h postingestion

Protein PB WP PB WP

phosphorylated/total, fold of rest

Akt Ser308 1.17 6 0.14* 1.27 6 0.16* 1.06 6 0.15 0.87 6 0.18

mTORC1 Ser2448 3.51 6 1.48* 3.01 6 0.46* 2.78 6 0.68* 2.83 6 0.47*

p70S6K1 Ser389 21.3 6 7.25* 12.7 6 3.12** 11.9 6 3.76* 6.20 6 1.30

rpS6 Ser240/244 3.32 6 1.33* 2.38 6 0.85* 1.95 6 0.43* 1.55 6 0.55*

4E-BP1 Thr37/42 1.27 6 0.09* 1.34 6 0.17* 1.27 6 0.10* 1.17 6 0.10*

1 Data are mean 6 SEM, n = 9 (WP) or 10 (PB). *Different from resting values for that

group, P , 0.05; **different from resting values for that group, P = 0.07. mTORC1,

mammalian target of rapamycin complex 1; PB, protein blend; RE, resistance exercise;

WP, whey protein.
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promoting lean mass gain (20,26) due to its suggested superi-
ority to other isolated protein sources (11). Our data are novel in
that they utilize the proteins from soy, whey, and casein with
different digestion rates (amino acid release profiles) after an
acute bout of RE. We show for the first time, to our knowledge,
that a soy-dairy PB (25% soy, 25% whey, and 50% casein) is
capable of stimulating muscle growth to a similar extent as WP
through a marked elevation in muscle protein synthesis and
skeletal muscle mTORC1 signaling. We compared this novel
intervention with WP as the single source of protein (single
digestion rate) while maintaining a similar absolute leucine
concentration between the PB and WP. Previous research has
compared ingested proteins with only a single digestion rate
(‘‘fast’’ vs. ‘‘slow’’) following RE (9,11–13,15,16,25,43,44).
Further, the comparisons in these reports did not match for the
potent anabolic effect of leucine. Additionally, the soy-dairy PB
stimulated FSR into the late postexercise period, whereas WP
increased FSR from rest into only the early recovery period. In
our hands, a soy-dairy PB ingestion following exercise was
capable of prolonging blood aminoacidemia, mTORC1 signal-
ing, and protein synthesis in human skeletal muscle.

Our data agree with previous work suggesting that milk
(a blend of casein and whey) offers advantages over a single
source of protein, such as soy, to supplement RE (10,45), yet no
study until now, to our knowledge, has compared a blended
protein source with isolated WP for muscle protein synthesis
while matching the leucine content. To date, the protein anabolic
effect of WP ingestion following RE has been tested only against
interventions examining other macronutrients (17,46–48), sup-
plemental amino acids (43,49,50), or other isolated protein
sources (11,12,16,44). Compared with other high-quality pro-
tein sources following RE, whey has been suggested to be
superior to isolated soy protein (11,13) and micellar casein
(11,44), which is the least soluble, most slowly digested form of
casein (51). However, in these studies, the leucine content, a key
anabolic agent, was not matched between interventions, which
may skew the results, especially in an aging population (52)
where adequate leucine may be especially needed. However, a
slightly more soluble form of casein, caseinate, can initiate a
comparable anabolic response to WP when ingested following
RE (12,16). Our data further suggest the efficacy of co-ingesting
rapidly and slowly digested proteins as a PB for promoting
muscle protein synthesis following exercise.

High-quality dairy (whey and casein) and plant (soy) protein
sources contain all the EAAs and have individual traits thought

to offer a unique advantage for muscle growth (20,21,53). One of
the most supportive tenets favoring WP has been its higher BCAA
content (26,54), particularly leucine (20,26). Yet the rapid hyper-
aminoacidemia of WP is short lived (9,23–25), as we demonstrated
for phenylalanine and valine. Both protein supplements demon-
strated a prolonged aminoacidemia as shown with leucine and
isoleucine. The WP group had a peak in blood amino acid con-
centrations at 40min postingestion greater than that observed in the
PB group. Interestingly, this spike in substrate had no additional
effect on the muscle FSR compared with the PB group and did not
further prolong the WP group�s FSR response into the late period.
The PB group had a smaller initial peak than the WP group but
demonstrated proof of concept in that it remained elevated above
resting values for up to 3 h postexercise for phenylalanine and 4 h
postexercise for valine. It is possible that the prolonged substrate
availability observed in the proteins with slower release, casein
(23,24) and soy (11,29), may explain the prolonged FSR response in
the PB group. The prolonged aminoacidemia may be attributed to
the slower digestion of caseinate and soy protein isolate compared
with WP isolate. It is important to note that although we utilized a
form of casein protein (i.e., caseinate) with a more rapid digestion
than micellar casein, we were still able to prolong the amino acid
response as proof of concept.

The mechanisms of the prolonged FSR following exercise and
nutrition (protein or amino acids) are unclear. One suggestion is
that this could occur through early hyperactivation of the
‘‘leucine threshold’’ during a short time frame. West et al. (25)
gave 25 g of WP to demonstrate that the rapid digestion rate of
WP in a single bolus was more beneficial for stimulating muscle
protein synthesis than repeated small boluses. This theory is
supported by the work from our laboratory demonstrating that
excess leucine provides further stimulation in the anabolic
machinery (55). Further, extra leucine given with a large bolus of
amino acids was capable of stimulating FSR into the late (3–6 h)
period following RE (1). Given that enough substrate is present
(43), the increased late (3–5 h) FSR response with WP can occur
without concomitant hyperaminoacidemia (25) in the later time
periods, which suggests a strong early signal as a mechanism.
Similar to the trend shown elsewhere (12), we did not see this
pattern following ingestion of whey as demonstrated in other
studies (19,25). However, we were able to demonstrate a pro-
longed effect with the PB similar to that seen with caseinate
ingestion (12). The discrepancy in the literature regarding the
prolonged effect of whey may be a factor of the total protein or
the leucine content. Previous studies gave 25 g of WP (3 g
leucine, 11.5 g EAAs) (25,43), whereas we and others (12) gave
~17.7 g of WP containing (;1.9 g leucine and ;8.8 g EAAs) a
dose previously demonstrated to produce a maximal response
following exercise (19).

The prolonged FSR response with casein or our PB may
occur through a continuous and prolonged signal stimulating the
mTORC1 pathway and translation initiation. Certainly, we saw
similar patterns overall in mTORC1 cell signaling, yet only PB was
able to prolong S6K1 phosphorylation, possibly because the WP
would have had a maximal signal ;1 h following ingestion (25).

Regarding chronic exposure to supplementation of isolated
protein sources following RE training, WP has tended to de-
monstrate advantages for muscle accretion in young healthy
males (20,26,32,56,57). The few studies with other protein
sources have demonstrated that soy (32,33,58) or casein protein
(59) is effective in stimulating muscle accretion in a variety of
populations. There is a need for future research to test the
efficacy of PBs against WP supplementation in promoting mus-
cle growth during exercise training.

FIGURE 3 FSR of the vastus lateralis in young adults during the

postexercise recovery period following ingestion of the PB or WP 1 h

after completion of RE. Data are presented at rest, early (0–2 h), late

(2–4 h), and entire (0–4 h) postingestion periods. Data are mean 6
SEM, n = 9 (WP) or 10 (PB). *Different from resting values for that

group, P , 0.05. FSR, fractional synthesis rate; PB, protein blend; RE,

resistance exercise; WP, whey protein.
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In summary, our data and that of others (10) further support
the use of a blended protein supplement following RE compared
with an isolated protein. A blended protein supplement
containing sufficient EAA content, several digestion rates, and
a prolonged aminoacidemia clearly promotes muscle protein
synthesis during postexercise recovery. Future applications of
utilizing PBs to promote or maintain muscle mass may include
studies in aging and other muscle-wasting clinical populations
such as cancer patients where the use of blended protein
supplement has demonstrated a positive effect (60).
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