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Abstract

Background: Resistance exercise and protein intake are both strong stimuli for muscle protein synthesis. The potential
for a protein to acutely increase muscle protein synthesis seems partly dependent on absorption kinetics and the amino
acid composition. The aim of this double-blinded randomized cross-over study was to compare time dependent changes
in blood amino acid concentrations after ingesting 20 g of five distinct high quality dairy protein supplements (native
whey, whey protein concentrate 80, hydrolysed whey, microparticulated whey, and milk proteins). Furthermore, we
investigated whether differences in time dependent changes in blood amino acid concentrations affected acute blood
glucose and urea responses, and recovery of muscle function after a bout of strength training.

Methods: Ten young healthy, recreationally active men ingested different milk protein supplements after a whole-body
strength training session on five occasions in a randomized manner. Blood concentrations of amino acids, glucose and
urea was measured before and 0, 30, 45, 60, 90, 120 min, and 22 and 30 h post-exercise. Maximal voluntary isometric
knee extension and counter movement jump were assessed before, immediately after, 6, 22 and 30 h after exercise.

Results: Intake of native whey induced a faster and higher leucinemia than the other protein supplements (p < 0.001).
All whey protein supplements showed faster time dependent changes in blood amino acid concentrations for total
essential and branched chain amino acids compared to milk. There were no major differences between trials in blood
concentrations of glucose or urea, or recovery of muscle function after exercise.

Conclusion: Native whey induced the strongest leucinemia and appears to have a greater potential for stimulating
muscle protein synthesis than other whey supplements and milk. There were no meaningful differences in blood
glucose, urea or recovery of muscle function after the supplements. Future studies should investigate whether the
increased leucinemia with native whey translates into greater muscle protein synthesis and muscle mass accretion over
time. (NCT02882386, August 16, 2016).
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Background

Increasing or maintaining muscle mass is of great import-
ance for populations ranging from athletes to patients and
elderly. Resistance exercise and protein ingestion are two
of the most important stimuli of muscle protein synthesis
(MPS). After ingestion of protein, the increased appear-
ance of circulating essential amino acids stimulates MPS
through intracellular kinases [1]. The anabolic response to
protein intake is further potentiated by resistance exercise
[2—4]. Both the physical characteristics of proteins (e.g.,
different digestion rates of whey and casein) and the
amino acid composition, affect the potential of a certain
protein to stimulate MPS [5-7].

Milk contains two protein fractions, the readily digest-
ible and so called “fast” whey fraction, and the slowly
digestible and so called “slow” casein fraction. Although
both fractions are considered to be of high quality,
containing all essential amino acids (EAA), the differ-
ence in digestion rate, splanchnic extraction and amino
acid profile gives them distinctive properties. Studies on
muscle responses show that whey intake induces a large
but transient rise in MPS, whereas casein intake pro-
duces a moderate more persistent increase in MPS [8].
The leucine threshold hypothesis suggests that a certain
intracellular leucine concentration is needed in order to
robustly increase MPS [9, 10]. Given its superior ability
to rapidly increase blood leucine concentrations to high
levels, whey is often considered the most effective
protein source to stimulate MPS [11].

Knowledge about how the manufacturing processes of
protein containing foods or supplements affects the
amino acid profile, absorption kinetics and anabolic
potential is important when optimizing diets of e.g. ath-
letes or elderly. Whey protein concentrate (WPC-80) is
a by-product of cheese production and thereby subjected
to both heat and acidification, denaturing the protein to
some extent. Proteins can be further degraded by hydro-
lysation or microparticulation. Protein hydrolysates are
commonly produced by adding proteolytic enzymes,
resulting in a complex mixture of peptides with differing
lengths, and free amino acids [12]. Hydrolysed casein may
be more rapidly digested than intact casein [7, 13, 14].
Grimble and colleges found that hydrolysing whey
proteins to mainly di- and tri-peptides improved absorp-
tion in the perfused human jejunum [15], however, other
studies did not find any effect on absorption rates by
hydrolysing whey proteins [13, 16] or a slowed absorption
rate [17]. By the use of filtration, heat and shear forces, it
is possible to microparticulate proteins to very small parti-
cles, giving them distinct properties resembling those of
emulsified fat droplets [18]. As a consequence, microparti-
culated dairy proteins are often used as fat replacements
in food. Native whey protein is produced by filtration of
unprocessed milk. Because of the direct filtration of raw
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milk, native whey is a more intact protein compared to
WPC-80, and the amino acid profile may also be slightly
different (claimed by producers to have higher leucine
content than WPC-80 [19]). Consequently, native whey
may have characteristics that are positive for stimulation
of MPS, but whether these distinct characteristics trans-
late into a more favourable aminoacidemia compared to
WPC-80, hydrolysed whey, and microparticulated whey
remains to be answered.

The aim of the current study was to compare the time
dependent changes in blood amino acid concentrations
after ingestion of 20 g of five high quality but distinct dairy
proteins; WPC-80, hydrolysed whey (WPH), microparti-
culated whey (MWP), native whey, and milk. Twenty
grams of protein were chosen based on studies showing
that 20 g of high quality protein is sufficient to maximally
stimulate MPS [4, 20]. We hypothesised that native whey
would induce a more rapid and higher leucinemia than
WPC-80 due to the higher leucine content (claimed by
the producers [19]). Furthermore, because of the rapid
absorption rates of amino acids from intact WPC-80, we
hypothesised that hydrolysation or microparticulation of
WPC-80 would not enhance time dependent changes in
blood amino acid concentrations of this product.

Methods

Thirteen healthy male subjects (age: 26.6 +7.4 years,
height: 180.8+6.3 cm, weight: 80.8+6.3 kg) were
recruited to this single blinded, randomized, five-way
cross-over, controlled study. Two participants withdrew
before the start due to reasons not related to the study.
One participant had to withdraw due to knee pain
during the training sessions. The results in this article
are from the remaining 10 participants. Participants
were sport science students recruited through student e-
mails and flyers posted around the campus area. Partici-
pants were recreationally active and performed strength
training 1-3 times per week. All were deemed healthy
based on responses to a routine health-screening ques-
tionnaire. Resistance trained participants were included to
minimize the exercise induced muscle damage, which can
occur in untrained individuals, and to avoid learning ef-
fects during the study. One week before the start of the
study all participants performed a familiarization workout
to establish the maximal load they could lift for 10 repeti-
tions (10RM). Performance tests were also practiced dur-
ing this session. Written informed consent was obtained
from all participants before the start of the study.
The study was evaluated by the Regional Committee
for Medical and Health Research Ethics (REC South East).

Study design
The study protocol is outlined in Fig. 1. All participants
completed five study days consisting of a bout of
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Fig. 1 Timeline of the study
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strength exercise and intake of a protein supplement. All
measures except maximal voluntary contraction (MVC)
and counter movement jump (CM]J), which were only
done after native whey and milk, were conducted in the
same way with all supplements. Further, the days with
native whey and milk had two additional time points of
measurements at 22 and 30 h after exercise. Thus,
participants and investigators were able to distinguish
the days with native whey and milk form other testing
days, but not whether they received native whey or milk
on these days. The drinks were produced in colour-
coded bottles in order to blind the participants and the
investigators as much as possible within the design of
the study. Training sessions were separated by at least
five days, and participants were instructed to refrain
from exercise for 72 h before each study day. Partici-
pants were instructed to maintain their habitual diet for
the whole study period. If consuming any nutritional
supplements, participants had to stop using these
supplements at least two weeks before the start of the
study. Due to short shelf life, all participants consumed
the microparticulated whey the first study day. The
participants but not the investigators were blinded for
this. The other protein supplements were consumed in a
randomized order on the following test days.
Participants met in the lab at 07:00 am on each
study day after an overnight fast. They received a
standardized breakfast consisting of oatmeal and a
glass of orange juice (1855 kJ: 9.2 g fat, 69.3 g carbo-
hydrates and 16.6 g protein). Participants were
provided water ad libitum. Two hours after breakfast,
the participants performed the standardized resistance
exercise session in 40 min and consumed one of the
five protein supplements within 6 min after the end
of the session. Blood serum and plasma samples were
collected at 0, 30, 45, 60, 90, and 120 min after inges-
tion of the protein supplement. Additional blood
samples were collected at 22 and 30 h on the study
days when milk and native whey were ingested.
During the study days with milk and native whey, re-
covery of muscle function was measured as changes in
maximal isometric voluntary contraction knee extensions
(MVC), counter movement jump (CM]J) 30 min prior to,
and 0, 6, 22 and 30 h after the exercise session. The 0 h

time point was immediately after the workout and about
20 min after the last set of leg exercise.

Supplements

Bottles with the supplements were produced and deliv-
ered by Tine SA (Oslo, Norway). Each serving consisted
of 636 ml and contained 3.3% protein, 1.2% fat, 4.7%
lactose and 2% sucrose (Table 1). All supplements were
adjusted with cream (TINE SA, Oslo, Norway) and lac-
tose (VARIOLAC® 992, Arla, Vidby J, Denmark) to
match milk on macronutrients. The rationale behind this
adjustment was to be able to isolate differences to pro-
tein composition alone. Proteins in all supplements,
except milk, consisted of 100% whey. Milk protein was

Table 1 Amino acid profile and macronutrient content of
protein supplements

Amino acids (g/100 g) Native whey WPC-80° Milk
Alanine 0.17 0.16 0.10
Arginine 0.09 0.08 0.11
Aspartic acid 040 0.35 0.25
Cysteine 0.09 0.07 0.03
Phenylalanine 0.13 0.11 0.15
Glutamic acid 0.60 0.56 067
Glycine 0.07 0.06 0.06
Histidine 0.07 0.06 0.09
Isoleucine 0.19 0.20 0.16
Leucine 043 0.34 031
Lysine 0.36 0.30 0.27
Methionine 0.08 0.07 0.08
Proline 0.18 0.21 032
Serine 0.16 0.18 0.18
Threonine 0.18 0.23 0.14
Tyrosine 0.09 0.07 0.12
Valine 0.18 0.19 0.20
Tryptophan 0.08 0.05 0.04
Total protein 333 3.10 323
Fat 1.08 1.06 0.99
Carbohydrate 6.40 6.60 600

“Microparticulated and hydrolysed whey proteins were produced from the
WPC-80 and thus had the same composition
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80% casein and 20% whey. Sucrose and artificial flavour
was added to make supplements similar in taste.

In this study, microparticulated whey was produced by
microfiltration of WPC-80 at high temperatures and
high shear forces, with an end product of micro particles
between 1 and 10 pm. Whey hydrolysate was pro-
duced using proteolytic enzymes and had a 10%
degree of hydrolysis.

Exercise protocol

Training sessions consisted of 4 sets of 10RM repetitions
of leg press and knee extensions, and 3 sets of 10RM
repetitions of bench press and seated rowing. Warm-up
sets of 10 repetitions at 50 and 80% of the 10RM weights
were carried out in each exercise. A new set started
every two minutes, while 3 min of rest was given
between exercises. On the first study day, participants
were allowed to make adjustments to the training load,
whereas on the following four study days the training
load could not be changed and was identical to the first
study day. Each session was initiated by 10 min walk/
easy jog on a treadmill.

Tests and measurements

Blood serum samples were clotted at room temperature
for 30 min before being centrifuged at 1300 x g for
10 min at 4 °C. Blood plasma samples were collected in
lithium heparin tubes and immediately centrifuged at
1300 x g for 10 min. Blood samples were stored at —80 °C
until analyses. Serum samples were analysed for urea
(analytic CV: 2.2%), and glucose (CV: 1.7%) at First
Medical Laboratory (Oslo, Norway).

Amino acid concentration was measured in plasma
using the Phenomenex EZ:faast free (physiological)
GC-MS analysis kit (Phenomenex®, Torrance, CA, USA).
Samples were concentrated by solid phase extraction,
derivatized, and separated by liquid-liquid extraction as
directed by the EZ:faast kit. Derivatized samples were
then analyzed by gas chromatography—mass spectrom-
etry using a Shimadzu QP-2010 Ultra GCMS (Shimadzu
Scientific Instruments, Columbia, MD, USA) equipped with
the EZ:faast amino acid analysis column (10 m x 0.25 mm
x 0.25 pm). The injection was 2 pl at 300 °C at a constant
helium carrier gas flow of 1.1 ml/min with a split ratio of
1:15. The initial oven temperature was 110 °C and was
raised to 320 °C at 30 °C/min. The MS interface was 320 °C
and the EI source was 240 °C. Mass spectra were analyzed
from 45-450 m/z at 4 scans/s. Total run time was 7 min.
Duplicate sample injections were performed to reduce
injection variability. A 3 point standard curve was produced
for each measured amino acid (0-200 nmol/ml). The
concentration of each amino acid was determined using its
standard curve and was then corrected for injection differ-
ences using a norvaline internal standard (200 nmol/ml).
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Total amino acid (Total AA), essential amino acid (EAA),
and branched-chain amino acid (BCAA) concentrations re-
ported were the sum of the individual amino acid concen-
trations in each group.

Unilateral MVC for the knee-extensors was tested
using a custom-made knee-extension apparatus
(Gym2000, Geithus, Norway). Participants were seated
in a chair with a four-point belt fixing the chest and
hips, with 90° in hip and knee joints. Three attempts of
5 s with 1 min rest between were given to reach MVC.
Force was measured with a force transducer (HMB
U2AC2, Darmstadt, Germany). MVC was tested after
5 min warm up on a cycle ergometer, except for imme-
diately after the workout. CM]J was tested using a force
plate (HUR Labs Oy, Tampere, Finland). Participants
were instructed to keep their hands at the hips and drop
down to about 90° in the knee joint, before immediately
jumping as high as possible. Three attempts were given,
and if the third jump was the highest, participants were
given a fourth attempt. A rest period of 30 s was given
between each jump. The test-retest CV for jump height
in this test is less than 3% in our lab.

Statistics

A two-way ANOVA with repeated measures was used to
compare the five experimental trials (milk, MWP, WPH,
WPC-80 and native whey) and sampling time points for
all dependent variables (variable). A one-way ANOVA
was used to compare the area under the curve of individ-
ual and total BCAA, EAA and total amino acids between
protein supplements. Significant F ratios were further ana-
lysed using Tukey’s pairwise comparison. Statistical ana-
lyses were made using Prism Software (Graphpad 6, San
Diego, CA, USA). All results are expressed as means + SD.
Statistical significance level was set at p <.05.

Results

There were no reported or observed adverse effects of
any of the protein supplements. Baseline values for all
dependent variables were not significantly different
between studies, except for serum urea, which was
higher in the morning of the WPC-80 study.

Blood amino acid profiles

Total amino acid concentration in blood demonstrated a
treatment by time effect (p < 0.0001; Fig. 2a) revealing an
increased amino acid concentration at 30 min after ingest-
ing native whey compared to milk. Blood EAA, branched
chain amino acids (BCAA) and leucine showed a similar
treatment by time effect (p < 0.0001; Fig. 2b-d). Native
whey reached the highest values for EAA and BCAA, pri-
marily driven by higher leucine concentration, which was
higher than after all other protein supplements during the
first hour after intake of protein (Fig. 2d). Blood
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Fig. 2 Blood concentrations of total amino acids (a), essential amino acids (b), branched chain amino acids (c) and leucine (d) before and after a
bout of strength training and intake of 20 g of protein from milk, microparticulated whey (MWP), whey protein hydrolysate (WPH), whey protein
concentrate 80 (WPC-80) or native whey (NW) in young men. Values are means + SD (only shown for highest and lowest values), n=10 in each
group. Milk and WPH were higher than baseline at 30 and 45 min, MWP, WPC-80 and NW were higher than baseline at time point 30, 45 and
60 min in A, B, C and D (not indicated in the figures; p < 0.05). & NW significantly greater than milk at the same time point, p < 0.05; # all whey
proteins significantly greater than milk at the same time point, p < 0.05; $ NW significantly greater than all other whey proteins at the same time
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concentration of isoleucine was higher after intake of
WPC-80, MWP, WHP and native whey than milk (see
Additional file 1A). For valine, the blood concentrations
were only different between native whey and milk from 30
to 45 min, and native whey, WPC-80, MWP compared to
milk at 60 min (see Additional file 1B).

The area under the curve did not differ between protein
supplements for total AA, EAA or BCAA (see Additional
file 2). For leucine, the area under the curve revealed
higher values for native whey than for WPC-80, WPH
and milk, and higher values for MWP than milk (see
Additional file 2 D).

Blood leucine peak was reached at 45 min for most par-
ticipants when consuming native whey, WPH and WPC-
80. After consuming MWD, blood leucine peak was
reached after 60 min, whereas leucine peak was reached at
30 min after milk intake for most participants. Regardless
of time point, the leucine peak was higher after intake of
native whey compared to all other supplements.

Blood glucose and urea
The ANOVA revealed a main effect of time for serum
glucose (p < 0.001), which for WPC-80, MWP, WPH and

native whey, was lower than baseline at 30, 45, 60 and
90 min (Fig. 3a). At time point 30 min, milk was signifi-
cantly higher than native whey, WPC-80, WPH and
MWP (p = 0.03).

There was a main effect of time for serum urea,
revealing a significant increase in concentration at the 90
and 120 min time points (p < 0.001; Fig. 3b). WPC-80 had
significantly higher values than MWP, WPH and milk at
baseline (p = 0.04). This difference was maintained during
the trial. At 22 and 30 h, urea levels for milk and native
whey were not significantly different from baseline.

Recovery of performance

Both MVC (Milk: -11.1 + 3.4%, native whey: -6.2 + 5.7%;
Fig. 4a) and CM] (Milk: -6.4 + 4.0%, native whey: —4.0 +
3.6%; Fig. 4b) performance demonstrated a treatment by
time effect (p < 0.001) indicating muscular fatigue post-
exercise at 0 and 22 h after exercise. There were no
differences between protein supplements.

Discussion
The main finding of the current study was that 20 g of
native whey induced a significantly faster increase and
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higher peak values in blood leucine concentrations than
20 g of MWP, WPH, WPC-80 and milk after a bout of
strength training. All whey protein supplements had sig-
nificantly faster increases and higher peak values of
leucine, BCAA and EAA plasma concentrations than
milk. Despite these differences in time dependent changes
in leucine, BCAA and EAA blood concentrations, we were
not able to show any differences in recovery of muscle
function after consumption of native whey compared to
milk after a bout of heavy load strength training. Finally,
hydrolysation or microparticulation of WPC-80 did not
increase the rise in blood concentrations of the investi-
gated amino acids (see Additional file 1, 3 and 4).
Increasing extracellular availability of amino acids,
especially BCAA and leucine, have been shown to in-
crease protein synthesis both at rest and after exercise
[2, 5, 21, 22]. Our data show minimal differences in total

amino acid concentration in blood between protein sup-
plements, whereas the whey supplements lead to more
favourable time dependent changes in blood concentra-
tions of EAA, BCAA and leucine compared to milk. Our
results are in line with other studies showing a more
rapid and greater aminoacidemia after whey protein in-
take compared to casein [5, 8, 16, 23]. Reitelseder and
colleagues showed that a rapid aminoacidemia induced
by whey was associated with a greater acute (0-3 h post
exercise) stimulation of MPS, however when measuring
MPS for a longer period of time (6 h), there were no dif-
ferences between whey and casein [8]. To isolate the
effects of aminoacidemia from protein type and amino
acid content, West and colleagues provided participants
with a bolus (25 g) or a pulse (10 x 2.5 g every 20 min;
mimicking casein) of whey protein after resistance exer-
cise [24]. The bolus resulted in a rapid rise in blood
concentrations of amino acids and a greater MPS com-
pared to pulse for 5 h post-exercise, indicating that
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aminoacidemia affects the anabolic response. However,
in the rested state a bolus of 15 g EAA did not provide
an anabolic advantage over a pulse of 4x3.75 g of EAA
with regards to FSR, leading to the suggestion that the
anabolic response is mostly dependent on the total dose
[25]. Based on these results one could argue that it
seems like a certain peak in blood concentration of
EAAs is required to kick-start the protein synthesis,
whereas maintenance of increased protein synthesis is
relying on the amount of amino acids available over time
[6]. Nonetheless, leucinemia has yet to be regarded as an
exclusive predictor of MPS. Studies have shown leucine
to be an important stimulus for the intracellular kinases
regulating MPS, such as mTOR and p70°° [26, 27].
Based on these studies the high content of leucine and
BCAA, and its rapid aminoacidemia suggest a great
potential for native whey to increase acute post-exercise
intracellular anabolic signalling and MPS. However,
whether differences in acute post-exercise MPS translate
into long-term effects is more uncertain [28], as the re-
sults of Reitelseder and colleagues suggest that the initial
differences in MPS between whey and casein might di-
minish with time [8].

There were no differences between WPC-80, WPH
and MWP in time dependent changes in blood amino
acid concentrations. Thus, our data are in accordance
with others [13, 16, 17] suggesting that, in contrast to
casein, there is a limited potential to increase the ab-
sorption rate of whey proteins by degradation. We
showed that native whey gave the highest leucinemia. As
we do not have direct data on absorption kinetics, we
are unable to differentiate whether the increased
leucinemia after intake of native whey is due to faster
absorption, higher leucine content or a combination of
these factors. However, when comparing the increases in
blood concentrations of amino acids with similar
amount in native whey and WPC-80 (e.g., glutamic acid,
glycine, methionine and serine), there were no differ-
ences between supplements, indicating that differences
in amino acid content, and not a faster absorption, was
the main cause of differences in blood concentrations.

For total AA, EAA, BCAA and leucine concentrations
in blood, some participants reached higher values than
others for all drinks. This individual difference in ami-
noacidemia was not directly related to body mass, which
is reasonable to assume correlates with lean mass, as all
participants were lean trained young men (see
Additional file 5A). Nevertheless, the lighter participants
did to some extent reach higher leucine levels with
native whey than heavier participants. This observation
is in line with a recent study finding no differences in
the time dependent changes in blood leucine concentra-
tions after intake of 20 g of whey protein in a group with
low lean mass (<65 kg) to a group with high lean mass
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(>70 kg) [29]. Combined these findings might suggest
that a certain amount of leucine is needed on order for
leucine kinetics to be affected by body mass. Another in-
teresting observation is the fact that some subjects had
no difference in leucine peak or area under the curve
after whey proteins compared to milk, whereas other
participants increased their values considerably with the
whey proteins compared to milk (see Additional file 5A
and B). This suggests individual differences in blood
leucine concentration response to whey vs. milk proteins.

In contrast to the differences in time dependent
changes in blood amino acid concentrations, there were
not many differences in blood glucose and urea
responses to the various protein supplements. Neverthe-
less, serum glucose was higher with milk than WPH,
WPC-80 and native whey at 30 min. Previous studies
have shown a greater stimulation of insulin secretion by
certain amino acids compositions and a rapid aminoaci-
demia compared to a slow and more sustained aminoa-
cidemia [8, 30, 31]. As all drinks in the current study
contained the same amount and composition of carbo-
hydrates, the faster and greater aminoacidemia, together
with the amino acid composition of the whey proteins
could result in higher blood insulin levels and a greater
transport of glucose into muscle. Serum urea increased
after protein consumption for all groups at 90 and
120 min, indicating that a portion of the ingested amino
acids was rapidly oxidized. The differences in absolute
urea values between studies were mainly due to a higher
baseline value for the WPC-80 trial. The relative change
in urea concentration from baseline was higher after
intake of WPH than after intake of milk, MWP, WPC-80
at 60 min, and WPC-80 and native whey at 120 min. As
the total urea production, aminoacidemia and absolute
values were similar between supplements; this relative
difference in urea production at two time points prob-
ably has no physiological importance.

Our strength training protocol induced a small reduc-
tion (0-16%) in maximal force generating capacity,
which recovered rapidly (within 22 h), indicating only
mild muscular stress during the strength training session
[32]. Earlier studies have indicated an attenuated
strength decline when consuming whey protein after
eccentric exercise compared to carbohydrates or placebo
[33, 34]. As the current study involved a less strenuous
workout and more comparable supplements a difference
in recovery from exercise was less likely than in the pre-
vious studies. A more strenuous workout resulting in
greater loss of force and increased muscle damage could
possibly lead to differences between drinks. However,
the workout applied in the current study is considered a
normal workout, and thus more representative of typical
training, in contrast to a workout of eccentric muscle ac-
tions. Moore and colleagues found the protein effect on
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MPS in young subjects to be maximized after dosages of
approximately 20 g of high quality protein [4, 20]. One
can speculate whether MPS reached a ceiling effect in
the current study. Consequently, reducing the protein
dose to a suboptimal level could be a stronger design to
investigate these differences [22, 35]. A greater initial
MPS after intake of whey would be considered an
advantage for a quick recovery; however, this advantage
might be short lived as the MPS after casein intake
catches up after the first hours of recovery [8]. Looking
at effects over time during an intensive training period
can be an alternative approach, as the evidence of
beneficial effects of protein on markers of muscle
damage seems stronger when protein is consumed over
time after daily training sessions [36].

The cross-over design of the current study is consid-
ered a strength, as it allows for the participants to be
their own control, making the statistical comparison
between drinks stronger. Participants and investigators
in this study were not completely blinded, which could
limit the conclusions. Yet, the authors consider it un-
likely that blinding would affect the primary outcome of
blood aminoacidemia. Due to short shelf life, all partici-
pants consumed MWP during the first training session.
In the case of adaptations to the workout during the
study this could affect the comparisons between MWP
and the other protein supplements. However, by using
strength-trained participants, the adaptation to the
workout during the study period was minimized. As we
did not use stable isotope tracers, we can only assume
that the observed changes in blood amino acid concen-
trations was due to the accelerated appearance of amino
acids from the ingested protein source, and not due to
an increase in endogenous release from body tissues.
Furthermore, it is not possible to know whether the in-
creased amino acid concentration in blood after intake
of native whey resulted in a greater anabolic intracellular
signalling or increased MPS compared to the other whey
supplements or milk, as we did not collect biopsies. The
current study included only young trained men. Future
studies should include other populations; especially eld-
erly persons might show a greater benefit of increased
leucinemia after intake of native whey. Acute studies
should include biopsies to measure anabolic signalling
and MPS. In order to fully investigate the potential of
native whey on muscle mass and strength, long-term
supplementation alone or in combination with strength
training interventions should be conducted.

Conclusions

Native whey intake induced a greater leucinemia than in-
take of WPC-80, WPH, MWP or milk the first hour after
strength training in young men. All whey supplements led
to higher blood peak concentrations for total essential
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amino acids, BCAA and leucine than milk the first hour
after ingestion. In contrast, there were no differences
between effects of supplements on glucose, urea or muscle
recovery, and time dependent changes in blood amino acid
concentrations were not changed by hydrolysation or
microparticulation of WPC-80. Future studies should
investigate whether the differences in amino acid and
leucine kinetics translate into greater anabolic intracellular
signalling, MPS and muscle growth.
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whey protein concentrate 80 (WPC-80) or native whey (NW) in young men.
Values are means + SD (only shown for highest and lowest values), n =10 in
each group. All supplements increased valine concentrations at time points
30, 45 and 60 min and isoleucine at 30, 45, 60 and 90 min, p < 0.05. # milk
significantly lower then all other drinks at the same time point, p < 0.05; &
NW significantly higher than milk at the same time point, p < 0.05; ¢ NW,
WPC-80 and MWP significantly higher than milk at the same time
point, p <0.05; 6 NW, WPC-80 and WPH significantly higher than milk
and MWP, p < 0.05. (TIFF 1117 kb)

Additional file 2: Area under the curve for blood total amino acids (A),
EAA (B), BCAA () and leucine (D) concentrations after a bout of strength
training and intake of 20 g of protein from milk, microparticulated whey
(MWP), whey protein hydrolysate (WPH), whey protein concentrate 80
(WPC-80) or native whey (NW) in young men. Individual and mean (+ SD)
data are shown. * indicate significant difference between groups, p < 0.05.
(TIFF 1305 kb)

Additional file 3: Blood concentration of total histidine (A), lysine (B),
methionine (C), phenylalanine (D), threonine (E) and tryptophan (F) before
and after a bout of strength training and intake of 20 g of protein from milk,
microparticulated whey (MWP), whey protein hydrolysate (WPH), whey
protein concentrate 80 (WPC-80) or native whey (NW) in young men. Values
are means = SD (only shown for highest and lowest values), n =10 in each
group. & NW significantly higher than milk at the same time point, p < 0.05.
(TIFF 1236 kb)

Additional file 4: Blood concentration of total alanine (A), glutamic acid
(B), glutamine (C), glycine (D), proline (E), serine (F), tyrosine (G) and
aspargine (H) before and after a bout of strength training and intake of
20 g of protein from milk, microparticulated whey (MWP), whey protein
hydrolysate (WPH), whey protein concentrate 80 (WPC-80) or native whey
(NW) in young men. Values are means + SD (only shown for highest and
lowest values), n =10 in each group. (TIFF 1823 kb)

Additional file 5: Individual blood leucine concentration peak values (A)
and individual area under the curve values for blood leucine concentrations
(B). Each participant is indicated by individual symbols. Filled symbols
indicate the five heaviest participants (>80 kg) and open symbols indicate
the lightest participants (<80 kg). (TIFF 1088 kb)
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