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ABSTRACT

Whey protein concentrate (WPC) is a high-quality 
dairy ingredient that is often included in formulated 
food products designed to stimulate muscle anabolism. 
Whey protein concentrate can be affected by UHT pro-
cessing, and its sensory properties are not compatible 
with some formulated food products. Microparticulated 
WPC (mWPC) is a novel ingredient that is resistant to 
heat treatment and has enhanced sensory properties. 
When 16 healthy middle-aged men consumed 20 g of 
either WPC or mWPC, both proteins increased plasma 
essential AA and leucine concentrations with no detect-
able difference in curve kinetics. Myofibrillar protein 
synthesis was increased in both groups for 90 min after 
ingestion with no difference between groups. Ingestion 
of mWPC resulted in a muscle anabolic response that 
was equivalent to that of WPC over the full 210-min 
measurement period. Formulated products incorporat-
ing mWPC or standard WPC would provoke equivalent 
anabolic responses.
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Short Communication

Muscle mass is an important determinant of meta-
bolic health and physical function (von Haehling et 
al., 2010). A gradual loss of muscle mass and function, 
termed sarcopenia, begins in middle age and is par-
tially underpinned by a diminished muscle protein syn-
thetic response to protein feeding (anabolic resistance; 
Churchward-Venne et al., 2014). The consumption of 
additional high-quality protein is known to stimulate 
muscle protein synthesis (MPS) and to help overcome 
anabolic resistance (Moore et al., 2015). Whey protein 
is a high-value dairy protein fraction that is rich in 
EAA, especially leucine. It is soluble at low pH, and 

its ingestion results in rapid aminoacidemia (Farnfield 
et al., 2009). Many studies have compared the effects 
of whey protein ingestion at rest or after exercise with 
ingestion of other animal- and plant-based protein 
sources and found that whey induced a superior MPS 
response (van Vliet et al., 2015). Although some stud-
ies have shown that in certain situations other protein 
sources, including milk protein concentrate, may induce 
an equivalent MPS response (Mitchell et al., 2015a), to 
date no studies have demonstrated a superior protein 
source.

Whey protein is a term used generically to describe 
the soluble proteins isolated from milk. Cheese or acid 
whey substrates are typically used to create whey-based 
ingredients (Lagrange et al., 2015). Whey protein con-
centrate (WPC) is a common food ingredient used to 
increase the protein content of formulated products and 
is often added to products designed to support muscle 
health and simulate MPS (Lagrange et al., 2015). Whey 
protein concentrate is not an ideal additive for all for-
mulated products because of its sensitivity to UHT 
processing, which may result in protein denaturation, 
aggregation, and flocculation. This can be problematic 
in the formulation of ready-to-drink beverages. Mic-
roparticulation is an advanced processing technology 
that is typically achieved by thermal aggregation and 
acid precipitation combined with high shear conditions 
(Renard et al., 2002). This can improve heat stabil-
ity and prevent aggregation and gelation in consumer 
products in which UHT processing is required (Çakır-
Fuller, 2015). Microparticulated WPC (mWPC) also 
has increased stability at a lower pH (Dissanayake et 
al., 2012) and a unique mouth feel, which makes it 
suitable to replace fat in many formulated products 
(Civille, 1990).

The development of mWPC allows for the manufac-
ture of a wider variety of consumer products. However, 
it is unknown whether the microparticulation of whey 
protein affects plasma AA kinetics and the postpran-
dial MPS response. The purpose of the present study 
was to investigate the plasma AA and MPS response 
to the ingestion of 20 g of standard WPC or mWPC 
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that has not been subjected to secondary processing in 
healthy middle-aged men.

Sixteen healthy sedentary to recreationally active 
males provided informed consent to participate in this 
trial and were randomized to either WPC (52.6 ± 3.9 
yr, 26.7 ± 2.5 kg/m2, n = 8) or mWPC (51.0 ± 3.5 
yr, 26.5 ± 3.1 kg/m2, n = 8) in a parallel design. The 
study was approved by the Northern Health and Dis-
ability Ethics Committee (New Zealand). The results 
from the WPC group have been previously reported by 
our research team (Mitchell et al., 2015a). Middle-aged 
men were chosen because this life stage likely represents 
the start of a transition from anabolic sensitivity to 
anabolic resistance and may be an ideal time period to 
target interventions to preserve muscle mass (Mitchell 
et al., 2016).

Fasted participants underwent a primed constant in-
fusion of 13C6 phenylalanine with serial muscle biopsies 
and blood draws. The fractional synthetic rate (FSR) 
of myofibrillar muscle proteins was calculated at rest 
and for 90 and 210 min after beverage ingestion as 
previously described (Mitchell et al., 2015a). This time 
period was chosen to capture the postprandial period 
and to provide maximal temporal resolution given the 
sensitivity of the methods used. Plasma AA concentra-
tions were measured for 210 min after beverage inges-
tion as described by Milan et al. (2015).

Participants were randomly assigned to consume ei-
ther 20 g of WPC (WPC 392, Fonterra Co-Operative 
Group Ltd., Auckland, New Zealand) or 20 g of mWPC 
(WPC 550, Fonterra Co-Operative Group Ltd.) in a 
double-blind fashion. Each ingredient was dissolved in 
350 mL of water and contained less than 2 g of fat and 
approximately 2 g of carbohydrate (Table 1). Neither 
beverage was subjected to UHT processing or any other 
secondary processing.

Two-way ANOVA with time as a within-subject fac-
tor and group as a between-subjects factor was used for 
all analyses, and Sidak’s post hoc procedure was used 
where appropriate. All analyses were conducted using 
Graphpad Prism (version 6.0; La Jolla, CA). Data are 
shown as mean ± standard deviation in the text and 
± standard error of the mean in the figures. Alpha was 
set at P < 0.05. The threshold for bioequivalence was 
set at <20% difference between beverages as described 
in Walker and Nowacki (2011).

Concentrations of plasma leucine, branched chain 
AA, EAA, and total AA significantly increased after 
beverage consumption to a maximum around 1 h post-
prandially (time, P < 0.05), but with no differences 
between groups (Figure 1). Myofibrillar FSR was in-
creased by protein feeding regardless of source for 90 
min (P = 0.013) after feeding and returned to baseline 
in the 90- to 210-min period (P = 0.570) with no in-
teraction between groups (P = 0.383; Figure 2A). The 
aggregate FSR for the full 210-min postfeeding period 
was also elevated with no significant differences between 
groups (P = 0.993; Figure 2B). The upper and lower 
equivalence thresholds were 0.04474 and 0.02983%/h, 
respectively, based on a 20% variation from the mean 
aggregate MPS response achieved in the WPC group. 
The 95% confidence interval of the aggregate response 
was 0.02987 to 0.04336%/h, thus establishing equiva-
lence of aggregate MPS response (P < 0.025).

The current study showed for the first time that the 
ingestion of 20 g of mWPC resulted in a MPS response 
equivalent to the ingestion of 20 g of standard WPC 
over a 210-min incorporation period. This finding is 
not surprising given the almost identical kinetics of the 
EAA, particularly leucine, in plasma. Previous stud-
ies that have shown divergent MPS responses to the 
same dose of protein suggest that the leucine content 
of the protein and the speed at which the AA appear 
in the blood are the primary factors that determine 
the magnitude of the MPS response (Katsanos et al., 
2006; West et al., 2011; van Vliet et al., 2015). Both 
mWPC and WPC have very similar leucine contents 
and plasma AA appearance, which likely is primarily 
responsible for our findings. In the rested state it ap-
pears that the dose of leucine in a given protein is more 
important than the rate of aminoacidemia in deter-
mining the MPS response (Mitchell et al., 2015a,b). 
The similar and rapid aminoacidemia induced by both 
mWPC and WPC may be more relevant in situations 
in which the muscle has previously been sensitized 
to feeding, such as after exercise (West et al., 2011; 
Burd et al., 2012). Although statistical significance was 
not approached, FSR was slightly higher from 0 to 90 
min in the WPC group and from 90 to 210 min in 
the mWPC group, suggesting that microparticulation 

Table 1. Beverage macronutrient and EAA composition of whey 
protein concentrate (WPC) and microparticulated WPC (mWPC)

Item WPC mWPC

Energy (kJ) 421 412
Protein1 (g) 20 20
Carbohydrate, lactose (g) 2.1 1.8
Fat (g) 1.2 1.2
EAA (g)
 Threonine 1.0 1.6
 Valine 1.3 1.2
 Isoleucine 1.1 1.4
 Leucine 2.1 2.3
 Phenylalanine 1.0 0.7
 Lysine 1.9 1.9
 Histidine 0.6 0.4
 Methionine 0.6 0.5
 Tryptophan 0.3 0.4
1Protein calculated as 6.25 × total nitrogen.
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could have a minor effect on the time course of the 
MPS response. However, the practical significance of 
this finding is likely minor.

The protein dose used in this study was chosen be-
cause it represents the minimal dose required to elicit a 
maximal MPS in young men (Witard et al., 2014) and 
older men (Yang et al., 2012) at rest. However, some 
studies have suggested that an even larger protein dose 
may be required to maximally stimulate MPS in elderly 
men (Moore et al., 2015). It is possible that a divergent 
MPS response may have been observed had a smaller 
suboptimal dose been used. However, given the similar 
leucine content and protein kinetics we observed, this 
is unlikely.

The current research compared the effect of WPC or 
mWPC consumption on MPS using a relatively simple 
beverage model: whey protein powder rehydrated in 
water. This comparison does not allow for delineation 
of any effect of secondary processing conditions, such 
as UHT processing. However, it was selected because 
the WPC product would gel and aggregate following 
UHT processing, creating an impractical beverage. The 
lack of a group that consumed mWPC following UHT 
processing is a limitation of the study. Previous work 
has shown that microparticulation prevents aggrega-
tion and gelation of WPC induced by heat treatment 
(Çakır-Fuller, 2015), but it is not known how the AA 
kinetics or MPS response to mWPC is affected by heat 

Figure 1. Plasma concentrations of (A) leucine, (B) branched-chain AA (BCAA), (C) EAA, and (D) total AA. WPC = whey protein con-
centrate; mWPC = microparticulated WPC. Horizontal lines represent main effects for time. *Significantly different from time 0 (P < 0.05). 
Error bars represent mean ± SEM. Eight subjects per group were measured at each time point.
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treatment. Ultra-high temperature processing of milk 
results in a slightly lower nitrogen retention compared 
with either microfiltered or pasteurized milk; however, 
this finding was apparent over an 8-h postprandial pe-
riod and may have limited relevance to individuals fol-
lowing a normal dietary pattern (Lacroix et al., 2008). 
Future research could address the effects of secondary 
UHT processing of mWPC on AA kinetics and MPS.

Ingestion of 20 g of microparticulated whey protein 
resulted in an MPS response equivalent to the ingestion 
of standard whey protein in healthy middle-aged men, 
and this finding was mediated by similar AA kinetics 
between the 2 proteins. Formulated products containing 
mWPC would have a similar effect on muscle anabo-

lism as the same dose of WPC. However, the effect of 
secondary processing of consumer products would need 
to be established separately.
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