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This study was designed to compare the acute response of mixed
muscle protein synthesis (MPS) to rapidly (i.e., whey hydrolysate and
soy) and slowly (i.e., micellar casein) digested proteins both at rest
and after resistance exercise. Three groups of healthy young men (n ⫽
6 per group) performed a bout of unilateral leg resistance exercise
followed by the consumption of a drink containing an equivalent
content of essential amino acids (10 g) as either whey hydrolysate,
micellar casein, or soy protein isolate. Mixed MPS was determined by
a primed constant infusion of L-[ring-13C6]phenylalanine. Ingestion of
whey protein resulted in a larger increase in blood essential amino
acid, branched-chain amino acid, and leucine concentrations than
either casein or soy (P ⬍ 0.05). Mixed MPS at rest (determined in the
nonexercised leg) was higher with ingestion of faster proteins
(whey ⫽ 0.091 ⫾ 0.015, soy ⫽ 0.078 ⫾ 0.014, casein ⫽ 0.047 ⫾
0.008%/h); MPS after consumption of whey was ⬃93% greater than
casein (P ⬍ 0.01) and ⬃18% greater than soy (P ⫽ 0.067). A similar
result was observed after exercise (whey ⬎ soy ⬎ casein); MPS
following whey consumption was ⬃122% greater than casein (P ⬍
0.01) and 31% greater than soy (P ⬍ 0.05). MPS was also greater with
soy consumption at rest (64%) and following resistance exercise
(69%) compared with casein (both P ⬍ 0.01). We conclude that the
feeding-induced simulation of MPS in young men is greater after
whey hydrolysate or soy protein consumption than casein both at rest
and after resistance exercise; moreover, despite both being fast proteins, whey hydrolysate stimulated MPS to a greater degree than soy
after resistance exercise. These differences may be related to how
quickly the proteins are digested (i.e., fast vs. slow) or possibly to
small differences in leucine content of each protein.
hypertrophy; muscle mass; weightlifting
TWO OF THE MOST POTENT stimulators of skeletal muscle protein
synthesis (MPS) are feeding and resistance exercise (29). The
postprandial increase in circulating essential amino acids stimulates a marked rise in protein synthesis (7, 15, 35); this effect
appears to be due to the amino acids themselves acting as the
stimulus and not an effect due to the modest increases in
insulin that result from amino acid ingestion (16). Resistance
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exercise potentiates the anabolic effect of feeding (32, 35).
Several studies examining the consumption of whole proteins
have found that the type of protein, and not simply its amino
acid composition, can differentially modulate the anabolic
response (3, 8, 9, 37). For example, it has been suggested that
milk promotes better whole body nitrogen retention at rest (4,
14), and greater skeletal muscle protein accretion after resistance exercise, compared with soy protein (37). The difference
in the metabolism of milk and soy proteins has been attributed to their digestion kinetics, wherein milk is digested
slower than soy (4). Milk contains two protein fractions,
whey and casein, which have been characterized based on
their rate of digestion as “fast” and “slow” proteins, respectively (3). Soy, on the other hand, contains a single homogeneous protein fraction, which is digested in a manner
more similar to whey than casein (4).
Whey protein is acid soluble and thus is digested quickly and
results in a pronounced aminoacidemia. Data obtained at the
whole body level show that whey induces a transient rise in
whole body protein synthesis and leucine oxidation at rest (3,
8, 9). Conversely, casein has a modest effect on whole body
protein synthesis but instead inhibits whole body protein breakdown (3, 8, 9). Thus, at least at the whole body level, protein
digestion rate appears to be an independent factor regulating
protein anabolism (8). While the data from whole body protein
kinetics point to differential effects of different proteins on
synthesis and breakdown (3, 8, 9), skeletal muscle only contributes ⬃25–30% to whole body protein synthesis (25), and its
turnover rate is much lower (on the order of 20⫻) than that of
more rapidly-turning-over gut (26, 27) and plasma proteins (6).
Thus protein turnover measured at the whole body level may or
may not be reflective, or even representative, of the anabolism
of muscle proteins. At present, only a single study has measured the chemical net balance of amino acids across a limb
following whey and casein ingestion (34), but these data do not
give kinetic results and were equivocal depending on the
choice of amino acid tracer studied. Thus to date no study has
directly compared changes in skeletal MPS following the
consumption of isolated proteins with differing rates of digestion in humans. The purpose of this study, therefore, was to
measure the response of skeletal MPS following the ingestion
of three distinct but high-quality proteins (from a dietary
standpoint), whey, micellar casein, and soy, at rest and after
resistance exercise. We chose to measure these responses
following ingestion of similar quantities of these proteins but
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matched them on their total essential amino acid (EAA) content since only EAA are needed to stimulate MPS (36). We
employed a unilateral model of exercise that permitted the
comparison of the effect of protein ingestion on muscle anabolism both at rest and after resistance exercise within a given
individual. Our hypothesis was that the consumption of whey
hydrolysate, casein, and soy proteins would differentially stimulate MPS, based on the rate at which they are digested
(whey ⬎ soy ⬎ casein), both at rest and after resistance
exercise.
MATERIALS AND METHODS

Subjects. Three groups of six healthy young men (n ⫽ 18) who
regularly engaged in whole body resistance training (2–3 days/wk)
volunteered to take part in the study. There were no differences in age,
height, or weight between groups (P ⬎ 0.56; 22.8 ⫾ 3.9 yr; 179.7 ⫾
5.1 cm; 86.6 ⫾ 13.9 kg; pooled mean ⫾ SD for all subjects). Subjects
were informed of the purpose of the study, experimental procedures to
be used, and potential risks. Written consent was obtained from all
subjects before commencing the study. This study was approved by
the McMaster University and Hamilton Health Sciences Research
Ethics Board. All testing procedures conformed to those outlined in
the Helsinki Declaration of 1963 on the use of human subjects in
research.
Experimental protocol. The protocol was designed to examine the
effect of consuming whey, casein, and soy protein on mixed muscle
protein fractional synthetic rate (FSR) after an acute bout of resistance
exercise. At least 1 wk before their first experimental trial, subjects
participated in a familiarization session to become acquainted with the
testing procedures and training equipment to be used. During the
familiarization session, each subject’s 10-repetition maximum (RM)
was determined for the seated leg press and knee extension exercises
(Universal Gym Equipment, West Point, MS). Subjects performed
both exercises unilaterally such that the contralateral leg served as a
nonexercised control. For the 2 days before each experimental trial,
subjects were asked to refrain from performing any resistance exercise
with their legs. In addition, subjects consumed prepackaged diets on
those 2 days designed to meet daily caloric (Harris-Benedict equation
using an activity factor of 1.6 for all participants) and protein requirements for resistance-trained individuals (1.2–1.4 g/kg) (33).
Subjects arrived at the laboratory on the morning of each experimental trial after an overnight fast. After a baseline blood sample was
drawn, subjects performed a bout of intense unilateral resistance
exercise consisting of four sets each of leg press and knee extension
exercises at a workload equivalent to previously determined 10- to
12-RM with 2 min of passive rest between sets. After the exercise
bout, subjects had a 20-gauge catheter inserted into a dorsal hand vein,
which was kept patent with a 0.9% saline drip, and a second blood
sample was drawn. Subjects then consumed a drink (⬃100 kcal)
containing whey (21.4 g), casein (21.9 g), or soy (22.2 g) protein
dissolved in 250 ml water with sucralose (1 g, Splenda) for sweetening and vanilla extract (2 ml) to increase palatability (Table 1). In an
effort to maximize protein synthesis with feeding, the amount of
protein in each drink provided ⬃10 g of EAA (7, 24). A small amount
of tracer was added to each protein drink (8% of phenylalanine
content) to minimize changes in blood enrichment after consuming
the drink. Whey protein hydrolysate and micellar casein were obtained from American Casein (AMCO, Burlington, NJ) while isolated
soy protein (Profam 891) was a generous gift from Archer Daniels
Midland (ADM, Decatur, IL). A primed-continuous infusion of
L-[ring-13C6]phenylalanine (0.05 mol 䡠 kg⫺1 䡠 min⫺1, 2 mol/kg
prime; Cambridge Isotope Laboratories, Woburn, MA) was then
administered through a 0.2-m filter into an antecubital vein catheter
after consumption of the drink to measure mixed muscle FSR.
Arterialized blood samples were obtained at 30, 60, 90, 120, and 180
J Appl Physiol • VOL

Table 1. Total and essential amino acid content
of protein drinks
Protein Drink

Alanine, g
Arginine, g
Aspartic acid, g
Cystine, g
Glutamic acid, g
Glycine, g
Histidine, g
Isoleucine, g
Leucine, g
Lysine, g
Methionine, g
Phenylalanine, g
Proline, g
Serine, g
Threonine, g
Tryptophan, g
Tyrosine, g
Valine, g
Total, g
EAA, g

Whey

Casein

Soy

1.1
0.6
2.2
0.4
3.6
0.4
0.4
1.4
2.3
1.9
0.5
0.7
1.4
1.1
1.0
0.3
0.7
1.0
21.4
10.0

0.6
0.8
1.4
0.1
4.4
0.5
0.6
1.2
1.8
1.6
0.5
1.0
2.2
1.2
0.9
0.2
1.2
1.4
21.9
10.1

1.0
1.7
2.6
0.3
4.3
0.9
0.6
1.1
1.8
1.4
0.3
1.2
1.2
1.2
0.8
0.2
0.8
1.1
22.2
10.1

EAA, essential amino acids.

min after consumption of the protein drink by warming the hand with
a heating blanket (50°C). The infusion protocol is illustrated in Fig. 1.
Muscle needle biopsy. A percutaneous needle biopsy was taken,
under local anesthetic, from the vastus lateralis muscle of both the
exercised and nonexercised legs 180 min following the consumption
of the protein drink. As subjects had not previously been infused with
L-[ring-13C6]phenylalanine, baseline enrichment of the muscle was
estimated from the enrichment of a mixed plasma protein pellet
precipitated from the preinfusion blood samples (22, 23). The plasma
protein pellet was processed and analyzed in the same manner as the
muscle-bound protein pellet (see below).
Blood analyses. Blood samples were collected into evacuated
containers containing lithium heparin and deproteinized in perchloric
acid (PCA). Whole blood amino acid concentrations were determined
on the PCA extract by high-performance liquid chromatography as
previously described (37). The remaining whole blood was centrifuged at 1,200 rpm for 10 min at 4°C to separate the plasma. Plasma
was removed and stored at ⫺20°C until further analysis. Plasma
insulin concentration was determined using standard radioimmunoassay kits (Diagnostic Products, Los Angeles, CA).
Ethanol was added to plasma to precipitate all plasma proteins. The
sample was then centrifuged at 1,200 rpm for 10 min at 4°C to pellet
the proteins, and the supernatant was decanted. Proteins were hydrolyzed using 6 N HCl (1,000 l) for 24 h at 110°C. The protein
hydrolysate was passed over a cation-exchange column (Dowex
50WX8 –200 resin; Sigma-Aldrich), then dried under dried N2 gas
before analysis for isotopic enrichment, as described below.
Muscle analyses. Acetonitrile (10 l/mg) was added to muscle
samples (⬃20 mg) before being manually homogenized, vortexed,
and then centrifuged at 15,000 rpm for 10 min at 4°C. The supernatant
containing the muscle intracellular free (MIF) amino acids was collected and the procedure repeated. The pooled supernatant was then
dried under N2 gas for analysis of the MIF amino acid enrichments, as
described below. The remaining muscle pellets were washed twice
with distilled water, once with absolute ethanol, and then lyophilized
to dryness. The dry muscle pellets were subsequently weighed and
hydrolyzed with 6 N HCl (400 l/mg) for 24 h at 110°C. The bound
protein hydrolysate was passed over a cation-exchange column
(Dowex 50WX8 –200 resin; Sigma-Aldrich), then dried under dried
N2 gas before analysis, as described below.
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Fig. 1. Experimental protocol.

Gas chromatography-mass spectrometry. Blood, plasma protein,
and MIF enrichment were determined by making the heptafluorobutyryl isobutyl (HFB) derivative of phenylalanine (28). Isotopic enrichments were measured by gas chromatography-mass spectrometry
(GC-MS; Hewlett-Packard 5980/5989B, Palo Alto, CA) with ions
selectively monitored at mass-to-charge (m/z) ratios of 316 and 322,
and a skewed abundance distribution correction was applied (38).
Baseline plasma protein and bound muscle protein enrichments were
determined by measuring the N-acetyl-n-propyl ester (NAP) derivative of phenylalanine by gas chromatography combustion-isotope
ratio mass spectrometry (GC-C-IRMS; Hewlett-Packard 6890, Palo
Alto, CA; Thermo Finnigan Delta Plus XP, Waltham, MA). Derivatized amino acids were separated on a 30m DB-1701 column before
combustion (temperature ramp: 110°C for 2 min; 20°C/min ramp to
210°C; 5°C/min ramp to 280°C; hold for 5 min).
Calculations. Mixed muscle protein FSR was calculated from the
determination of the rate of tracer incorporation into muscle protein
and using the MIF phenylalanine enrichment as a precursor, according
to the equation:
FSR (%/h) ⫽

共Em1 ⫺ Em0兲
⫻ 100
关Ef 䡠 共t1 ⫺ t0兲兴

where Em0 is the enrichment of the protein-bound isotope tracer from
isolated plasma proteins with the assumption that tracer-naive subjects
would have an m⫹6 phenylalanine enrichment of virtually zero (i.e.,
equivalent in muscle and blood). The enrichment obtained from the
pool of all plasma proteins therefore represents a basal measure of
isotopic enrichment for m⫹6 from which the enriched measurement
can be taken. Em1 is the enrichment of the protein-bound isotope
tracer from the second biopsy, Ef is the mean MIF tracer enrichment
during the time period for determination of protein incorporation, and
(t1 ⫺ t0) is the incorporation time. It is possible that the assumption of
zero for a baseline enrichment would serve to overestimate the true
FSR; however, we believe this overestimation would be the same
between conditions.
Statistical analyses. Subject anthropometric data and leucine area
under the curve (AUC) data were analyzed using t-tests with Bonferroni correction. All other data were analyzed using a two-factor
repeated-measures ANOVA. When significance was indicated, a
Tukey honestly significant differences (HSD) post hoc procedure was
used to identify pairwise differences. All statistical analyses were
performed using SigmaStat 3.10.0 (www.systat.com, Systat Software,
Point Richmond, CA), and significance was accepted at P ⬍ 0.05. All
data are presented as means ⫾ SD.
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consumption (both P ⬍ 0.05). Plasma insulin was unchanged
after the ingestion of casein protein (P ⫽ 0.43).
Blood amino acid concentrations. Changes in the concentration of EAA, branched-chain amino acids (BCAA; data not
shown), and leucine in the blood followed the same general
pattern. All proteins stimulated a rise in EAA (whey ⬇ soy ⬎
casein; Fig. 3A) and leucine (whey ⬎ soy ⬎ casein; Fig. 3B)
concentration by 30 min postingestion; however, whey protein
resulted in a more pronounced aminoacidemia than either
casein or soy (P ⬍ 0.05). At 60 min postconsumption, the
concentration of EAA and leucine was also higher following
whey consumption than either casein or soy (whey ⬎ soy ⬎
casein; all P ⬍ 0.05). The AUC for blood leucine after whey
ingestion was ⬃73% greater than soy and ⬃200% greater than
casein (Fig. 3B, inset).
Plasma and muscle intracellular free phenylalanine enrichment. Plasma and muscle intracellular free phenylalanine enrichments are shown in Fig. 4, A and B, respectively. Linear
regression analysis (not shown) indicated that the slopes of the
plasma enrichments over time were not significantly different
from zero (P ⬎ 0.05), suggesting that plasma enrichments had
reached a plateau and subjects were at isotopic steady state
over the incorporation period.
Mixed MPS. At rest, both whey and soy FSR were significantly greater than casein (P ⬍ 0.01; Fig. 5). Whey FSR tended
to be greater than soy at rest but was not significantly different
(P ⫽ 0.067). After resistance exercise, FSR was greater compared with rest in all groups (P ⬍ 0.05; Fig. 5). FSR following
whey consumption was significantly greater than both soy and
casein after resistance exercise (P ⬍ 0.05).
DISCUSSION

This is the first study to report directly measured rates of
mixed MPS in response to ingesting isolated proteins that are
known to be digested at different rates in humans. We found
that the consumption of whey protein hydrolysate stimulated
MPS to a greater degree than casein both at rest and after
resistance exercise. While FSR in the whey group tended to be
greater than soy in the rested muscle, this did not reach
statistical significance. After resistance exercise whey hydrolysate stimulated a significantly larger rise in MPS than soy. In

RESULTS

Plasma insulin concentration. Plasma insulin at baseline
was similar between all three groups (Fig. 2). There was a
small rise in plasma insulin at 60 min following whey and soy
J Appl Physiol • VOL

Fig. 2. Plasma insulin concentration after ingestion of whey hydrolysate,
casein, or soy protein. *Significantly different from casein for same condition
(P ⬍ 0.05). All values are means ⫾ SD; n ⫽ 6 per group.
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Fig. 4. Plasma (A) and muscle (B) intracellular free phenylalanine enrichment
(tracee-to-tracer ratio; t 䡠 T⫺1). All values are means ⫾ SD; n ⫽ 6 per group.
Ex, exercise.

Fig. 3. Blood concentration of essential amino acids (A) and leucine (B) after
ingestion of whey hydrolysate, casein, or soy protein. Inset: leucine area under
the curve (AUC). *Significantly different from casein (P ⬍ 0.05). # Significantly different from soy (P ⬍ 0.05). All values are means ⫾ SD; n ⫽ 6 per
group. Some error bars have been omitted for clarity.

congruence with our previous work showing a greater stimulation of MPS with milk vs. soy protein ingestion (37), soy
appears to be less effective at stimulating MPS than whey
protein despite inducing a similar rise in circulating EAA.
Based on previous literature identifying protein digestibility
as an independent factor regulating whole body protein anabolism (8), we hypothesized that the pattern of appearance of
amino acids in the systemic circulation following consumption
of whey, casein, or soy would also result in a differential
stimulation of protein synthesis at the muscle level. For example, several studies have noted that “fast” proteins stimulate a
large rise in protein synthesis whereas “slow” proteins primarily inhibit protein breakdown, but these results come from data
at the whole body level (3, 8, 9) of which muscle comprises
only 25% (25) and turns over at a much slower rate than, for
example, gut proteins (26, 27). In addition, milk proteins
appear to support greater “peripheral” (i.e., muscle) vs.
splanchnic protein synthesis than do soy proteins (4, 14). Our
data extend these previous studies that measured only whole
J Appl Physiol • VOL

body protein turnover by demonstrating that the consumption
of whey hydrolysate and soy isolate (i.e., “fast” proteins) result
in considerably higher rates of muscle protein synthesis than
casein (i.e., “slow” protein), both at rest (whey ⬇ soy ⬎
casein) and after resistance exercise (whey ⬎ soy ⬎ casein). In
our view, these differences are unlikely to be explained by our
use of a whey protein hydrolysate, rather than isolate. This is
because previous data have noted no difference in the pattern
of aminoacidemia following ingestion of 36 g of whole whey
protein or its hydrolysate (5). While the pattern of peripheral
aminoacidemia yields no insight into the actual kinetics of
protein absorption, this fact is of little consequences since the
concentration of amino acids in the peripheral (i.e., non-

Fig. 5. Mixed muscle protein fractional synthetic rate (FSR) after ingestion of
whey hydrolysate, casein, or soy protein at rest and after resistance exercise.
*Significantly different from casein for same condition (P ⬍ 0.01). # Significantly different from soy for same condition (P ⬍ 0.05). All values are
means ⫾ SD; n ⫽ 6 per group.
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splanchnic) circulation would be those that are available for
protein synthesis by peripheral tissues such as muscle (assuming of course equivalent flow). Interestingly, when examining
whole body leucine kinetics, prior studies actually found that
casein consumption promoted a higher whole body leucine
balance than whey (3, 8, 9). While these findings may seem
contradictory to what we observed here, the inhibitory effect of
casein on protein breakdown, almost certainly in the splanchnic region (26, 27), was the largest contributor to the greater
whole body leucine balance observed. In addition, the increase
in whole body protein synthesis stimulated by whey was
observed to be quite transient (3, 8, 9). Admittedly, we chose
a 180-min time point in the present study to capture the acute
MPS response, whereas the whole body data represented an
aggregate 7-h response (3, 8, 9). We do not think, however,
that extending our response beyond 3 h would have markedly
affected our MPS results since amino acid concentrations were
back down to baseline levels by 240 min.
Previously, whey and casein proteins were shown to improve net muscle amino acid balance (measured as a-v balance)
to a similar extent, despite a marked difference in the pattern of
aminoacidemia, presumably reflecting the rate of digestion of
each protein (34). In contrast, we observed marked differences,
using direct incorporation measurements, in rates of postexercise skeletal MPS after whey and casein feeding in the present
study. It is known that resistance exercise increases muscle
protein breakdown, albeit to a lesser extent than synthesis (1,
28). Thus, the results of Tipton et al. (34) could have arisen due
to a marked suppression of muscle protein breakdown with
casein and a stimulation of synthesis with whey. Ingestion of
amino acids attenuates the post-resistance exercise-induced
increase in muscle protein breakdown (2, 35); thus in the
present study it is hard to envision that a marked suppression
of muscle proteolysis occurred with casein ingestion that
would not have occurred with whey or soy. We did not
measure proteolysis, however, and thus can only speculate as
to the effect of protein digestibility on muscle protein breakdown due to current methodological limitations that preclude
the direct measurement of muscle protein degradation after
physiological (i.e., bolus) protein ingestion.
The differences in the stimulation of MPS after ingestion of
whey hydrolysate and soy protein and casein at rest and after
resistance exercise are somewhat surprising given their similar
protein digestibility-corrected amino acid scores (PDCAAS)
(13). Indeed, the PDCAAS of these proteins would suggest that
they are high-quality complete sources of amino acids, which
in theory should be able to equally support protein synthesis.
However, the concept of PDCAAS and their relevance to
physiological outcomes has drawn some criticism (31); our
results suggest that in the context of skeletal muscle accretion
following resistance exercise this is particularly the case. In the
present study there were marked differences in the patterns of
aminoacidemia, which likely reflect the rate of protein digestion not only between fast and slow proteins, but also within
the fast proteins themselves (i.e., whey and soy). The rise in
EAA (Fig. 3A), BCAA (data not shown), and leucine (Fig. 3B)
was of greater amplitude and considerably more rapid following whey consumption compared with soy. These differences
in the rate of EAA appearance in the circulation may be
especially important to the differential stimulation of MPS we
observed after whey or soy ingestion at rest and following
J Appl Physiol • VOL
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resistance exercise. Recent work has demonstrated that supplementing soy protein with BCAA (leucine, isoleucine, and
valine) is required to rescue its anabolic effect in elderly and
clinical populations (11). Leucine has also been shown to
enhance the activation of mTOR-related signaling proteins at
rest and after exercise (17, 19, 21). Thus the greater total
BCAA (⬃7%) and leucine content (⬃28%) in particular may
have contributed to the larger increase in protein synthesis after
whey ingestion compared with soy. We speculate that a critical
“trigger” threshold of EAA, perhaps leucine in particular (10),
has to be reached in the blood before MPS is maximally
stimulated and that this threshold was not reached with soy
ingestion. Such a thesis is supported by our recent work
showing a saturable response in MPS following resistance
exercise (24).
The differences in skeletal MPS that we observed may have
implications for populations with compromised nutrient sensitivity (e.g., the elderly) (7). Indeed, it has been found that the
protein digestibility paradigm observed in young individuals is
actually “reversed” in the old with respect to whole body
protein metabolism (9), and that “fast” protein ingestion is
associated with a greater whole body leucine balance (7). If the
leucine “trigger” concept is correct, then we would speculate
that these results (7) may reflect the inability of casein to
increase blood EAA, BCAA, or leucine concentration high
enough to turn on MPS in older persons who appear to have a
reduced sensitivity to amino acids or an “anabolic resistance”
(7). For example, ingestion of larger doses of leucine has been
shown to enhance feeding-induced increases in MPS in aged
individuals (18, 30). Considering protein ingestion after exercise appears critical to enhance skeletal muscle hypertrophy
with resistance training in the elderly (12), we propose that
elderly individuals would likely obtain the greatest benefit with
respect to stimulating MPS and likely muscle protein accretion
by consuming a “fast” leucine-rich dietary protein such as
whey both at rest and after resistance exercise (18, 20, 30).
Future studies should directly measure skeletal MPS in populations such as the elderly after consuming different whole
proteins to confirm this thesis.
In summary, we report that the consumption of whey protein
hydrolysate stimulates skeletal MPS to a greater extent than
either casein or soy. Our results suggest that the type of protein
consumed is a modulating factor in determining postprandial
resting and postexercise muscle anabolism in young healthy
men, both at rest and after resistance exercise. Moreover, this
effect may be related to the leucine content of the protein
consumed and how quickly it is digested. Thus, it appears that
when providing an optimal dose of protein (⬃10 g EAA) (7,
24), a rapid increase in EAA (perhaps leucine specifically) is
important for supporting maximal rates of skeletal MPS.
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HydrovonTM 280 with EET

PRODUCT DATA (PRELIMINARY)

HydrovonTM 280 with EET is an instantized hydrolyzed whey protein phospholipid concentrate with embedded enzyme technology
designed to target the release of leucine peptides for better absorption. NOTE: All product data is preliminary and subject to change.
TYPICAL ANALYSIS

Protein*, as is

>73%

Moisture

<5.0%

Fat

<13%

Minerals

<5.0%

pH

6.0-6.5

NUTRITIONAL INFORMATION / 100G
POWDER

AMINO ACID PROFILE G /
100G POWDER

Calories

Aspartic Acid

7.4 g

Monounsaturated Fat

3.3 g

•

Trans Fatty Acid

•

 llergen information: contains milk
A
and soy ingredients
Kosher and Halal approved

•
•
•
•

Excellent emulsifier

•

RTM beverages

Sports beverages

E
R

Riboflavin

P

MICROBIOLOGICAL ANALYSIS

Standard Plate Count
Coliform

Yeast and Mold

Coag. Pos. Staph
Salmonella

Vitamin C
Niacin

SUGGESTED USES

•

Vitamin A
Thiamin

Excellent nutritional value

<10,000 cfu/g
<10 cfu/g
<50 cfu/g
<10 cfu/g

Negative/375 g

*Protein calculated based on nitrogen
content. Nitrogen factor: Nx6.38

IN
6.0 g
-

M
I
L

Protein*, as is

High water retention capacity

436 mg

Dietary Fiber

Added Sugars

Good solubility

0.5 g

Total Carbohydrate
Sugars

PRODUCT CHARACTERISTICS

0.8 g

Cholesterol

Vitamin D

5.0 g
-

73 g

550 mcg RE
-

8.6

Threonine

Y
R
A

12 g

Saturated Fat

Polyunsaturated Fat

•

85.5

Total Fat

SUGGESTED LABELING

Hydrolyzed whey protein
phospholipid concentrate, enzyme,
soy lecithin

417.5

Calories from Fat

Serine

Glutamic Acid
Glycine

5.1
4.2

12.4

Alanine
Valine

Isoleucine
Leucine

Tyrosine

1.5
2.2
3.9
3.9
8.2
2.2

Phenylalanine

2.4

Lysine

6.1

Histidine
Arginine
Proline

Cystine

1.4
2.2
4.3
1.6

Methionine

1.6

Tryptophan

1.3

PACKAGING AND STORAGE

Calcium

880 mg

Multi-wall, Kraft paper sacks, having
inner food grade polyethylene liner

Potassium

425 mg

Net weight 20 kg (44.092 lb)

0.9 mg

Store in a cool, dry, clean environment
below 26° C (80° F) and at relative
humidity below 65%

Sodium

Magnesium
Iron

Phosphorus

180 mg
75 mg

642 mg

Keep away from strong odors and
other contaminants
Use stocks in rotation for up to
two years

HYD-280EET-DS-0917-4

The information contained in this document is intended for the recipient’s information only and has not been independently verified. While Glanbia endeavors to ensure
that all information contained in this document is correct, no warranty is given that the information is accurate and Glanbia does not assume any guarantee against patent
infringement, liabilities or risks involved from the use of these products or information. Any health claims, if any, contained in this document are for illustration purposes only
and are subject to approval by the relevant regulatory authority in each Member State where the purchaser markets final consumer products.

S O L U T I O N I N F O R M AT I O N

Functional Enzyme
Technologies
Are your product
formulations reaching
their full protein potential?
Maximize the efficiency of
your protein with functional
enzyme technologies from
Glanbia Nutritionals.

Functional Enzymes Play a Pivotal Role in Assisting
the Breakdown of Protein in the Body

# or Sports Enzyme
Product Launches

Functional enzymes are used in sports nutrition in order to gain the maximum benefits of protein supplementation. While
enzymes play important roles in the various processes of the body, less than 40% of whey protein is broken down by
digestive enzymes in the stomach. The inclusion of enzymes into your protein formulation helps to efficiently break down
proteins and optimize the release of BCAAs. Enzymes are also highly beneficial for general poor digestion and difficulty
associated with consuming large quantities of protein. Athletes or those who consume a high protein diet commonly
experience difficulty digesting large amounts of protein, presenting gastrointestinal symptoms including constipation, bloating
and excess flatulence. The addition of protein digesting enzymes helps overcome this problem by assisting with the
breakdown of proteins to release amino acids and smaller peptides.
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Number of US sports nutrition product launches containing enzymes – 2013 through 2016
Source: INNOVA

Marketing trends indicate that Sports enzyme product
launches have been strong in the last 5 years and have
grown in the last year (Innova). This increase in product
launches is likely attributed to the growing interest in
digestive health and increased consumer awareness on the
benefits enzyme supplementation can provide.
Glanbia Nutritionals provides two different types of
digestive enzyme technology solutions; Hydrovon EET™
(Enzyme Embedded Technology) and IGNITOR® Amino
Release Matrix.

3 IN 1 FORMULA
Contains hydrolyzed protein, peptides and active enzymes which
are specially designed to release Leucine amino acids from protein.

LEUCINE SPECIFIC RELEASE
Upon enzyme activation, Leucine is hydrolyzed from the protein
which is responsible for the initiating the mTOR pathway for
muscle protein synthesis.
TWO PHASE HYDROLYSIS
Phase one occurs during the production process where proteins
are hydrolyzed up to 6% and then water activity is limited so that
enzyme action is suspended. Phase two begins once the consumer
adds water to protein powder which activates the enzymes for
further protein hydrolysis.

Consumer mixes with water.
Protein hydrolysis continues.

9.5

Degree of Hydrolysis (%)

WATER ACTIVATION
Enzymes are embedded in the phospholipid protein
matrix and become activated upon the addition of water.

Phase
2

9

8.5
8

7.5
7

6.5
6

0

10

Phase
1

20
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40

Time (minutes)

50

60

70

Glanbia production
with hydrolysis
stopped at 6%

BCAA SPECIFIC RELEASE
A blend of proteolytic enzymes designed to release specific amino acids (the branch chain amino acids and glutamine)
from protein. BCAAs and glutamine are key players in skeletal muscle growth.
MORE EFFICIENT BCAA RELEASE
Demonstrated ability to release 2.25x more BCAAs from whey protein than the body’s endogenous enzymes and 2x more
than the leading enzyme competitor.

Just add Glanbia.
Glanbia Nutritionals | + 1 844 303 7304 | hello@glanbianutritionals.com | www.glanbianutritionals.com

Enzymes-SS-0617-1

Study Supports IGNITOR’s Amino Acid Release Capabilities
90
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70

A study showed that Leucine levels in blood
following the ingestion of IGNITOR plus protein
was 4 times higher than the control (standard
protein). This confirms that IGNITOR releases
~4x more Leucine from whey protein isolate
than endogenous enzymes alone.
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ENDOGENOUS
ENZYMES

Which Enzyme Technology is Best for You?

Hydrovon EET

IGNITOR

Key Feature

Key Feature

Health Category

Sports nutrition, general health conscious consumer,
elderly population

Convenient 3 in 1 product contains hydrolyzed
protein, peptides and enzymes embedded in the
phospholipid matrix which hydrolyses protein to
release Leucine
Sports nutrition, general health conscious
consumer and elderly population

Applications
RTM beverages

Dose

Based on desired protein content

External enzymes added for the hydrolysis of
protein to release Leucine, Isoleucine, Valine and
Glutamine

Health Category

Applications

RTM beverages and capsule

Dose

75mg per 20g of protein

Regulatory

Regulatory

Allergy

Allergy

Intellectual Property

Intellectual Property

Studies

Studies

GRAS, Kosher and Halal approved
Contains milk and some contain soy
Patent pending protease technology
Enzymatic hydrolysis study

GRAS, Kosher and Halal approved
Contains milk and some contain soy
No

Simulated hydrolysis study and pilot human study

Improved protein digestion

The Digestive
Enzyme Benefits
of Hydrovon EET
and IGNITOR

Increased release of key amino acids
for muscle protein synthesis

Reduced digestive discomfort

Just add Glanbia.
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