Amino Acids (2005) 28: 327-335
DOI 10.1007/s00726-005-0179-8

Amino Acids

Printed in Austria

Protein metabolism and strength performance after bovine

colostrum supplementation

A. Mero', T. Nykiinen', O. Keiniinen?, J. Knuutinen?, K. Lahti?,

M. Alen*, S. Rasi’, and J. Leppiiluoto?

! Department of Biology of Physical Activity, University of Jyviskyla, Jyviskyld, Finland
2 Clinical Physiology, Central Finlands Central Hospital, Jyviskyli, Finland

3 Department of Chemistry, University of Jyviskyld, Jyviskyld, Finland
4 Kuopio Research Institute of Exercise Medicine, Kuopio, Finland
3 Department of Physiology, University of Oulu, Oulu, Finland

Received September 30, 2004
Accepted January 4, 2005
Published online March 25, 2005; © Springer-Verlag 2005

Summary. This study was designed to determine the responses of muscle
protein, serum amino acids, and strength performance to bovine colostrum
supplementation in physically active men. The rest (R) group (n=6) and
the exercise (E) group (n=06) carried out twice a 2-week experiment
randomly assigned in a double-blind fashion with either placebo (PLA;
consuming daily 20 g maltodextrin) or bovine colostrum (COL; consum-
ing daily 20 g colostrum supplement) treatment with one month between.
On the test day after the treatment period the measurements were carried
out in fasting conditions and E carried out a strength training session
(STS). The methods involved the infusion of ring->Hs-phenylalanine,
femoral arterial and venous blood sampling, and biopsies from the vastus
lateralis muscle. Serum concentration of essential amino acids during
recovery was greater (p<0.05) in the COL groups compared with the
PLA groups. Both muscle protein synthesis and breakdown increased
(p<0.05) with COL. There were no differences in phenylalanine net
balance or strength performance between the PLA and COL groups. It
was concluded that a 2-week supplementation with bovine colostrum in
physically active men increases serum concentration of essential amino
acids but has no effect either on strength performance or protein net
balance in fasting conditions during recovery after STS.

Keywords: Amino acids — Protein synthesis — Protein breakdown —
Physical training

Introduction

Skeletal muscle growth is dependent on the relationship
between the rates of muscle protein synthesis and muscle
protein breakdown. When muscle protein synthesis exceeds
breakdown it is possible to have muscle hypertrophy. Con-
sequently, muscle metabolism is anabolic. The important
factors influencing muscle metabolism are exercise, nutri-
tion, and hormonal status. Nutritional substrates especially

daily protein (e.g. beef, fish, poultry, casein, whey, egg and
soy) have a strong effect on muscle protein metabolism. Free
amino acids are precursors for muscle protein synthesis.
The body of a 70kg individual contains approximately
12 kg of protein, of which 40-45% is located in skeletal
muscle and only 200—220 g are as free amino acids within
the plasma and intra- and extracellular spaces called “free
amino acid pool” (Wagenmakers, 1998). Events such as
exercise or a change in dietary status can alter the overall
size of the free pool and flux of amino acids into and out
of the pool (Gibala, 2001). This magnitude cannot be fully
understood by simply measuring changes in amino acid
concentrations in blood and in muscle but it is necessary
to measure also muscle protein synthesis and breakdown.
It has been shown that bovine colostrum (a high biolog-
ical protein value) supplementation increases serum insu-
lin like growth factor 1 (IGF-1) concentration in male ath-
letes during a short (8 days) resistance and speed training
period with no effect on vertical jump performance (Mero
et al., 1997). The increased IGF-1 concentration was also
observed in male and female athletes during a 2-wk resis-
tance and endurance training period (Mero et al., 2002).
Bovine colostrum supplementation associated with running
program during 8 weeks improved recovery in endurance
performance in physically active men but there were no
effects on plasma IGF-1 concentration (Buckley et al.,
2002). The researchers concluded that oral supplementa-
tion with intact bovine colostrum improves the ability to
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perform a second bout of maximal endurance type exercise
following a relatively short period of recovery from a prior
bout of maximal exercise. This performance enhancement
is supported by the study where an 8-wk bovine colostrum
supplementation provided a significant improvement in
time trial performance in cyclists after a 2-h ride at 65%
VO2 max (Coombes et al., 2002). Bovine colostrum sup-
plementation has been shown to enhance also an ability to
repeat sprints in elite field hockey players (Smeets et al.,
2000). On the other hand feeding colostrum has recently
been shown to increase bone-free lean body mass in healthy
trained adults (Antonio et al., 2001) and the synthesis of
myofibrillar protein in the skeletal muscle of newborn
piglets (Fiorotto et al., 2000). These findings suggest that
bovine colostrum supplementation may have positive
effects on muscle function and performance capacity of
physically active people.

The purpose of the present study was to examine the
responses of muscle proteins, serum amino acids, and
strength performance to a 2-wk bovine colostrum (Dyna-
mic™ Colostrum) supplementation in physically active
men. The product is a colostral whey product that has
generally a high biological protein value. We hypothe-
sized that if bovine colostrum supplementation increases
amino acid and IGF-1 concentrations and given the ana-
bolic nature of that growth factor (Kraemer, 1988), con-
sequently bovine colostrum enhances protein synthesis
and may affect strength performance. If this is the case
bovine colostrum products may have positive nutritional
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applications not only in sport but also in the daily life,
extreme conditions (e.g. military) and rehabilitation.

Material and methods

Subjects

Twelve healthy, physically trained men, who participated only in recrea-
tional noncompetitive athletic activity, volunteered as subjects for the
study. Their (mean &+ SD) age was 27 + 5yr, mean body height was
1.82 £ 0.05 m, and mean body mass was 84.6 &= 7.4 kg. All subjects were
drug free, which was evaluated by interviews and questionnaires during
medical examination. Furthermore, none of the subjects used supplements
of amino acids, vitamins, minerals, creatine or any other supplement
during the study phase which was instructed before the study and recorded
from the food diaries. After a medical examination, the protocol and the
potential benefits and risks were fully explained to each subject before he
signed an informed consent document. This study was approved by both
the University Ethical Board and the Hospital Ethical Board.

Experimental design

This study was a double-blind, placebo controlled trial in which subjects
were divided in two groups (Fig. 1). In the rest (R) group six subjects did
twice a 2-wk experimental treatment with either placebo (RPLA) or
bovine colostrum (RCOL) with one month between. We chose as long
as one month wash-out period to be sure that the muscles were washed
(Mero et al., 1997). In the exercise (E) group six subjects did twice a 2-wk
experimental treatment with either placebo (EPLA) or bovine colostrum
(ECOL) with one month between. In the R group the measurements at the
end of the 2-wk period were done in fasting and resting conditions
whereas in the E group the measurements were done in fasting conditions
but included a strength training session (STS). It was expected that the
chronic effects of the supplementation would be clearer in the fasting
conditions. Total fasting time was 15 &£ 3 hours including overnight fast-
ing time of 10 = 3 hours and total experiment time of 5 hours. On the test
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M Fig. 1. Experimental design. E, exercise; R,
rest; PLA, placebo; COL, colostrum; STS,
strength training session; /CG, indocyanine
green; B, blood sample; M, muscle biopsy
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day the subjects were allowed to drink water (1500 ml in E and 1000 ml in
R; 500 ml more in E because of the evaluated effect of exercise on need of
water). All subjects were instructed not to change their dietary habits
during 2 weeks before the test day. The subjects in the COL groups
consumed 20g Dynamic™ Colostrum (it is a colostral whey product
and is not on the banned substance list of the International Olympic
Committee) supplement in 4 parts (the first at 0800 AM and then the next
ones at 4h intervals so that the last one was taken at 0800 PM) during
every day of the 2-wk period. The daily amount of 20 g colostral whey
powder (total energy 340kJ a day) consisted of 6g proteins (mostly
immunoglobulins (4.5g IgG and 0.3 g IgA), lactalbumin, lactoglobulin,
lesser amounts growth factors (74 ug IGF-1) and antimicrobial proteins
such as lactoferrin), 13 g carbohydrates (10 g maltodextrin and the rest 3 g
galactose, glucose and some oligosaccharides), 1 g free amino acids and
related compounds (as taurine), no casein or fat and electrolytes (Na, Ca,
K, Mg, Mn). The total amount of free amino acids was 62mg of which
25mg were essential. In the PLA treatments the subjects consumed 20 g
maltodextrin (total energy 340kJ a day), respectively. The taste and color
of the supplements were indistinguishable. All supplements were donated
by Hi-Col Ltd (Oulu, Finland).

Training

All subjects were instructed to maintain current levels of exercise training
during the first 2-wk period and repeat the training similarly during the
second 2-wk period. Training was not allowed on the day before the
measurements. The subjects kept training diaries which were included
in the analysis of training.

Nutrition

The subjects were instructed to eat normally during the first 2-wk period.
During the second 2-wk period they were advised to repeat the nutrition
program they had followed. The subjects kept food diaries during 5 days
before the testing day and they were included in the analysis of nutrition. It
was performed by using the Micro Nutrica software (Version 2.0, Social
Insurance Institution, Finland).

Strength training session and strength measurement

The subjects in E carried out a heavy hypertrofic strength training session
(STS) of 50 minutes for lower extremities. It was started with a 10 min
warm up on a bicycle and stretching exercises. Then in order to measure
maximal strength and possible change in maximal strength after STS they
performed 3 times a bilateral maximal voluntary isometric leg extension
(MVC; maximal voluntary contraction) on a leg dynamometer before and
after STS. In both cases 3 MVCs were performed allowing a 2 min re-
covery between trials. This measure of maximal strength was carried out
on a sitting position on a chair so that the knee and hip angles were 90 and
110 degrees, respectively. The mean value of 3 trials was used both as a
maximal strength measure and to calculate muscle fatigue during STS. In
STS the subjects performed normal leg exercises (deep squat, hip exten-
sion, leg press) with a 10-repetition maximum (10-RM) load which was
tested in the beginning of the 2-wk period. All repetitions were instructed
to perform maximally and the amount of sets and repetitions were similar
in both treatments.

Data collection protocol

In the beginning of the 2-wk period basal blood samples were taken from a
left antecubital vein (AV) in the fasting conditions to determine IGF-1
concentration which was repeated after 2 weeks in the morning of the
measurement day. One subject was measured per day using the same study
protocol. The subjects fasted overnight and arrived the laboratory in the
morning, where their body mass was measured. An 18-gauge polyethylene
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catheter was inserted into a left AV to take basal blood samples. After taking
basal blood samples, a primed, continuous infusion of L-[ring->Hs] phenyl-
alanine was started and maintained throughout the measurements. The
prime was 2 umol/kg and the infusion rate was 0.05 umol/kg/min. At
125 minutes polyethylene catheters (20-gauge) were inserted into the right
femoral artery and femoral vein, as well as an 18-gauge catheter was inserted
into aright AV for drawing blood samples. The arterial catheter was used for
the infusion of indocyanine green (ICG) for measuring blood flow (Fig. 1).

Collection of blood and muscle samples

The ICG infusion (0.5 mg/ml; 60 ml/h) was started 10 min before the first
blood sample during recovery period 1 and 2. In period 1, the blood
samples for isotopic measurements and blood flow were drawn at 135,
145, 155 and 165 min (period 1; 30, 40, 50, and 60 min following STS)
after the initiation of L-[ring->Hs] phenylalanine infusion. In period 2, the
blood samples for isotopic measurements were taken 270, 280, 290, and
300 min (165, 175, 185, and 195 min following STS) after the initiation of
the infusion. Blood samples for free amino acid concentrations were taken
at 135, 165, 270, and 300 min after the initiation of infusion. Blood flow
samples were simultaneously drawn from a femoral vein (FV) and a right
AV. The ICG infusion was briefly halted to allow sampling from the
femoral artery (FA) for isotopic measurements. Blood for amino acid
concentrations and enrichments was placed into preweighed tubes contain-
ing 2ml sulfosalicylic acid and known amount of internal standard ('*Cg
phenylalanine; 50 zmol/1). Samples were mixed carefully and stored in
ice. Blood flow samples were stored at room temperature until analysis.
After the last blood sample in the two periods (165 min and 300 min) a
muscle biopsy was taken for isotopic measurements and for analysis of
phenylalanine concentration from the vastus lateralis (VL) muscle under
local anesthesia. With the use of sterile technique, the skin and subcuta-
neous tissue were anesthetized and a 6—7 mm incision was made. A 4-mm
biopsy needle was advanced 3-5cm into the muscle with the closed
cutting window. The cutting cylinder was opened and closed 2—4 times
and a sample of 30—50 mg was obtained. Visible fat and connective tissue
were removed and the samples were rinsed with ice-cold saline before
storing into tubes in liquid nitrogen.

Analysis of enrichment and concentration of phenylalanine

Enrichment and concentration of phenylalanine in whole blood were
measured by gas chromatography-mass spectrometry (GC/MS; Hewlett
Packard Agilent 5973N, GC 6890 Plus +, USA). In order to determine the
enrichment of infused amino acid in whole blood, the tertiary-butyl di-
methylsilyl derivative was made. Isotopic enrichments were expressed as a
tracer-to-tracee ratio. The concentration of phenylalanine was determined
with an internal standard solution as previously (Wolfe, 1992; Biolo et al.,
1995) described. Because the tube weight and the amount of blood were
known, the blood amino acid concentration was determined from the
internal standard enrichment on the basis of the amount of blood and
internal standard added. Appropriate corrections were made for any spec-
tra that overlapped, contributing to the tracer-to-tracee ratio (Wolfe, 1992).

Muscle tissue samples were analyzed for phenylalanine enrichment. On
thawing, the tissue was weighed and the protein was precipitated with
0.8 ml of 14% percholoroacetic acid. The tissue was then homogenized
and centrifuged, and the supernatant was collected. This procedure was
repeated one more time and the collected supernatant was processed like
blood samples. The concentration of phenylalanine in muscle was then
analyzed using HPLC equipped with fluorescent detector similarly to
blood samples (see below).

Analysis of leg blood flow

Leg blood flow was determined from blood samples collected during a
continuous infusion of ICG (Jorfelt and Wahren, 1971). The blood flow
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was determined by spectrophotometrically measuring the ICG concentra-
tion in serum from the femoral vein and the peripheral vein as described
previously (Jorfelt and Wahren, 1971; Biolo et al., 1995). Leg plasma flow
was then calculated from steady-state values of dye concentration and
converted to blood flow with the hematocrit. Serum from the blood samples
was analyzed in a spectrophotometer with absorbance set at 805 nm.

Calculations

The three-compartment model of leg muscle amino acid kinetics has been
described previously by Biolo et al. (1995). The use of this model allows
to determine the rate of utilization of phenylalanine for muscle protein
synthesis and appearance from breakdown, because phenylalanine is
neither oxidized nor synthesized in muscle. The average values for blood
flow, blood and muscle phenylalanine concentrations, and enrichments
were calculated from individual samples drawn during two periods (period
1 and period 2). Muscle protein net balance was determined by calculating
the difference between muscle protein synthesis and muscle protein break-
down. The detailed model assumption has been described earlier (e.g.
Biolo et al., 1995).

Analysis of serum free amino acid concentrations

Concentrations of free amino acids in serum were determined applying the
procedure of Pfeifer et al. (1983) by reversed phase high performance
liquid chromatography (RPHPLC) (Waters 501 pumps, Waters 717 auto-
sampler and Zorbax C;g column). The 18 essential amino acids and two
internal standards (3-Abc and Nor-Valine) were detected by Perkin Elmer
LS-4 fluorescent detector using wavelengths 338 nm (exitation) and
455 nm (emission). 100 ul of internal standard solution was added to the
serum sample (50 p1) and acetonitrile (100 ul) was used to precipitate the
proteins. 750 ul of distilled deionized water was added and the resulted
sample was vortexed and allowed to stand on ice bath for 1h. The
200 pl of the sample was transferred to the ultraspin centrifuge filter and
centrifuged. The clear mixture was transferred to the HPLC vial, deriva-
tized with OPA derivatizing solution and analyzed by Waters HPLC
system using gradient two-buffer elution.

Analysis of blood lactate and serum IGF-1

Blood samples from a fingertip for peak lactate analysis were drawn
immediately, 2.5 and 5 minutes after STS. They were analyzed using a
Lactate Pro™ Analyzer (KDK Co, Kyoto, Japan).

Serum IGF-1 was analyzed from the blood samples taken in the morning
after 10h of fasting before and after the 2-wk period in duplicate with an
OCTEIA IGF-1 kit, which is a two-site immunoenzymometric assay
(IEMA) for the quantitative determination of IGF-1 in human serum. The
IGF-1 was dissociated from binding proteins by using the releasing agent
according to the instructions of the manufacturer of the OCTEIA IFG-1 Kit.
The method incorporates a sample pretreatment to avoid interference from
binding proteins. According to the manufacturer the sensitivity (a least
detectable dose) of the kit is 0.25nmol/L and the intra-assay coefficient
of variation is below 10% corresponding approximately to 1.2 nmol/L.

Statistics

Multivariate ANOVA to produce the F statistics was used to detect the
presence of a significance of the main effects of test group (rest/exercise),
vessel (artery/vein), treatment (placebo/bovine colostrum) and time and
their interactions. In the analyses the test group factor was analyzed as
between subject factor and all the other factors as within subject factors. If
statistically significant interactions were found some addition examina-
tions were done. As post hoc methods, additional examinations were
performed by contrast examination using univariate results subsequent
to MANOVA, and they provided a measure of significance between pair-
wise differences. In addition, Student’s t-test was used in selected pair
comparisons. Statistical significance was set at p<0.05. Data was ana-
lyzed using the SPSS 10.1. for Windows software package.

Results

Training and nutrition

There were no differences in the training volume during
two weeks before the measurement day between the
groups. The amounts of training sessions during the period
were 8 + 3 (mean £+ SD)inRPLA,9 + 3inRCOL, 8 +3in
EPLA, and 8 +3 in ECOL. One training session lasted
1.2 + 0.2 h. Total training included 70% aerobic work (run-
ning, cycling) and 30% strength training in the gym.

The average daily energy intake during the measured
period was similar in all groups (Table 1).

Table 1. Calculated daily energy intake and macronutrient composition in the groups. Energy from

bovine colostrum or placebo is not included in the values

Variable RPLA RCOL EPLA ECOL
Energy (kcal/kg BW) 26.5+5.5 27.0+£5.7 28.8 £5.3 29.0+5.4
Protein

g/kg BW 12+04 1.2+03 1.4+04 1.4+03

% 183 £6.6 18.1 £6.6 183 £39 184 £4.0
Carbohydrate

g/kg BW 35+£1.0 3711 39+14 38+15

% 526+54 53.0£55 53.7+£72 535+6.9
Fat

g/kg BW 09+0.3 0.8+0.3 0.7+£04 0.7+£0.5

% 292+6.4 29.0 £6.0 28.0£6.6 292+£7.0
Body mass (kg) 83.6+73 839+6.8 852+ 8.0 85.6+74

Values are mean + SD
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Strength performance

Maximal isometric strength was in the beginning of
STS in EPLA 4880+ 1774 N and at the end of STS
4724 +1699. The respective values in ECOL were
4770 £ 1390 N and 4629 + 1240 N. There were no differ-
ences in maximal isometric strength between the groups.
The deterioration of the performance during STS was in
both cases similar and significant (3%; p<0.05). Peak
blood lactate following STS was similar in the groups
(12.8 £2.3mmol/l in EPLA and 12.5+ 2.8 mmol/l in
ECOL).

Serum amino acid concentration

There were no differences in amino acid concentrations
either between arteries and veins or in resting situation
before STS between the groups. The serum concentration
(mean value of artery and vein) of essential amino acids
(EAAs) (Fig. 2) and branched chain amino acids
(BCAAs) (Fig. 3) were greater (treatment -effect
p<0.05-0.01) in the COL groups compared with the

PLA groups. The similar treatment effect was observed
in single amino acids leucine (16%; p <0.05), isoleucine
(18%; p<0.01), valine (14%; p <0.01) and phenylalanine
(19%; p<0.05) concentration which were greater in the
COL groups than in the PLA groups. The serum concen-
tration (venous value) of leucine was greater (p<0.05)
before STS than during recovery after STS in EPLA but
not in ECOL (Fig. 4). The venous concentration of ala-
nine was greater (p <0.01) at 30 min and 60 min of recov-
ery after STS compared with the before value in EPLA
(Fig. 5).

Protein synthesis, breakdown and net balance

Protein synthesis and protein breakdown increased
(p<0.05) with COL but protein net balance was similar
with COL and PLA during 3 h recovery after STS (Fig. 6).
Furthermore protein synthesis and protein breakdown
were significantly (exercise effect p<0.05) greater
(22% and 24%) in EPLA than in RPLA and greater
(21% and 25%) in ECOL than in RCOL during period 2.
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Serum IGF-1

There were no differences in serum IGF-1 concentration
between RPLA, RCOL, EPLA, and ECOL when compar-
ing the fasting values before and after the 2-week period.

and 20.1 £7.7nmol/1 at the end of the period. The
respective values in all colostrum subjects (n=12) were
18.7 = 7.4 nmol/1 and 18.8 + 6.4 nmol/1.

Discussion

The main results of the present study showed that bovine
colostrum supplementation in physically active men dur-
ing 2 weeks increased both serum essential and branched
chain amino acid concentration. Furthermore, there was in
fasting conditions a subsequent increase in muscle protein
synthesis and breakdown but not in protein net balance
during 3h recovery following STS. Bovine colostrum
supplementation did not change either strength perfor-
mance or serum IGF-1 concentration.

Serum amino acid concentration

The concentration of EAAs increased with bovine colos-
trum supplementation by 13% and the respective in-
crease in BCAA concentration was 15% compared with
placebo. These treatment findings are different from the
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earlier observation (Mero et al., 1997) which did not
show any changes in amino acid concentrations. The
daily amount of supplemented bovine colostrum protein
(6g) was over two times greater in the present study
compared with the earlier study and the supplementation
period was also now longer (14 days vs. 8 days). STS
achieved a strong decrease in leucine concentration in
EPLA which confirms the earlier studies (Pitkanen et al.,
2002). The supplementation period changed the concen-
tration of leucine during recovery and the decrease was
not any more significant. Leucine amounts to about
4.6% of all amino acids (Takala et al., 1980) and it
has many important roles in the body during intensive
exercise (e.g. Mero, 1999). It seems that bovine colos-
trum supplementation enhances leucine concentration in
serum and this may stimulate protein synthesis and leu-
cine oxidation. The concentration of alanine increased
strongly immediately after STS in EPLA supporting the
earlier finding (Pitkanen et al., 2002) but when supple-
mented with bovine colostrum the increase was not sig-
nificant. Alanine is released from the muscles in the
greatest amounts during exercise (Felig, 1973). Also
the oxidation of leucine in muscle increases the output
of alanine which is further used for gluconeogenesis in
glucose-alanine cycle (Babij et al., 1983). With bovine
colostrum supplementation the increased leucine con-
centration may have slightly enhanced alanine formation
before STS and then the concentration did not change
so much during recovery. These results indicate that
bovine colostrum supplementation including 6 g protein
daily during two weeks increases strongly basic amino
acid concentration of EAAs and the changes in the
concentration of leucine and alanine during recovery
after STS are smaller compared with PLA.

IGF-1 concentration

The concentration of circulating IGF-1 did not change
with bovine colostrum supplementation during two weeks
opposite to what we found in the earlier study (Mero et al.,
2002) where there was a 17% increase in IGF-1. In both
studies similar amount of supplements were used during
two weeks. Nutrition is one of the main regulators of
circulating IGF-1. In humans, serum IGF-1 concentration
is markedly lowered by energy and/or protein deprivation
(e.g. Isley et al., 1983) so both energy and proteins are
critical in the regulation of serum IGF-1 concentration.
However, in the present study the average daily energy
and protein intake values were in the range of normal

active people and similar in the PLA and COL groups.
So it seems that nutrition affected in the similar way in the
groups. Resistance training with low loads and many repe-
titions (fitness training) can also affect circulating IGF-1
in both humans and animals (Jahreis et al., 1991; Cooper
et al., 1994). In the present study physical activity was
mainly aerobic and similar (from 8 to 9 times training
during 14 days) in both groups. The only difference in
the studies (Mero et al., 1997; Mero et al., 2002), where
the concentration of circulating IGF-1 has increased with
supplementation, is that the subjects have been mainly
competitive power-type athletes whose training included
more strength and anaerobic exercises. In this respect
there were also in the other studies (Buckley et al., 2002;
Coombes et al., 2002) a large amount of aerobic type
endurance training and there were no changes in circulat-
ing IGF-1 after oral bovine colostrum supplementation.
Consequently, we can only speculate that if intensive en-
durance training leads to decreased IGF-1 concentrations
in competitive athletes so bovine colostrum supplementa-
tion may stimulate circulating IGF-1 concentrations to
rise to the normal level.

Protein balance

With the increased concentration of EAAs with bovine
colostrum supplementation there was an increase in pro-
tein synthesis and in protein breakdown but not in pro-
tein net balance between the PLA and COL treatments.
This is in part supported by the earlier study (Fiorotto
et al., 2000) where colostrum feeding in the newborn
pigs resulted in a 2.5- to 3.0-fold increase in total
skeletal muscle protein synthesis compared with water
feeding. The increase was also 28% greater than in the
mature sow’s milk fed piglets. The authors concluded
that feeding stimulated muscle ribosome and total poly-
adenylated RNA accretion and ribosomal translational
efficiency was similar across all fed groups. The greater
stimulation of protein synthesis in colostrum fed pigs
was restricted entirely to the myofibrillar protein com-
partment and was associated with higher ribosome and
myosin heavy chain mRNA abundance. Also in active
men and women the supplementation with bovine colos-
trum (20g/day) in combination with exercise training
for 8 weeks increased bone-free lean body mass (Antonio
et al., 2001). In our study there were no changes in
body mass which partly supports our protein balance re-
sult which was negative. But it must be noticed that the
supplementation period in the present study was only 2
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weeks compared with 8 weeks in the study by Antonio
et al. (2001) and the measurements were done in fasting
conditions. By flooding with EAAs has been shown to
stimulate muscle protein synthesis (Smith et al., 1998)
and ingestion of 40 g of amino acids in small increments
over 3h after resistance exercise increased net muscle
protein balance, with EAAS providing the same re-
sponse as mixed amino acids (Tipton et al., 1999). Also
EAAs with carbohydrates (6g EAAs and 35g sucrose)
stimulated muscle protein anabolism by increasing mus-
cle protein synthesis when ingested 1 or 3h after resis-
tance exercise (Rasmussen et al., 2000). According to
the earlier results it seems that EAAs are the primary
stimulators of muscle protein synthesis and the effec-
tiveness of the supplement may be increased using car-
bohydrates. In the absence of an increase in amino acid
concentration, an increase in insulin has only a modest
effect on muscle protein synthesis (see Tipton and Wolfe,
2001). However, in the present study the supplementa-
tion with protein and carbohydrate did not affect protein
net balance. One explanation probably is that the mea-
surements were done in fasting conditions as the method
has been suggested to carry out earlier (Biolo et al., 1992;
Biolo et al., 1995). This changes the metabolic situation
and protein net balance is negative as we found. Sec-
ondly, there were no changes in circulating IGF-1 con-
centration with bovine colostrum which consequently
did not give any extra increase in stimulation of protein
synthesis. In the present study following bovine colos-
trum supplementation STS increased both protein synthe-
sis and protein breakdown but protein net balance was
similar and negative during 3h of recovery which in
part confirms earlier studies in fasting conditions (see
Tipton and Wolfe, 2001).

Conclusion

A 2-wk supplementation with bovine colostrum in physi-
cally active men results in a statistically significant
increase of serum essential amino acid concentration but
has no effects on protein net balance or strength perfor-
mance in fasting conditions during recovery after a
strength training session.
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