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bstract Objective: We evaluated whether colostrum (Col) or an isocaloric and isonitrogenous blend of
whey and casein in addition to creatine (Cr) affects body composition, muscular strength and
endurance, and anaerobic performance during resistance training.
Methods: Forty-nine resistance-trained subjects participated in a standardized 12-wk total body
resistance training program. In a double-blind and randomized manner, subjects supplemented their
diet with a protein control (Pro), Pro/Col, Pro/Cr, or Col/Cr. Supplements were isocaloric and
isonitrogenous and provided 60 g/d of casein/whey (Pro) or Col as the protein source. At 0, 8, and
12 wk of supplementation, subjects were weighed, had body composition determined using dual-
energy X-ray absorptiometry (DXA), performed one-repetition maximum (1RM) and 80% of 1RM
tests on the bench press and leg press, and 30-s anaerobic sprint capacity tests. Data (mean � SD)
were analyzed by repeated measures analysis of variance and reported as raw data in all tables and
as changes from baseline for all figures for the Pro, Pro/Col, Pro/Cr, and Col/Cr groups, respectively.
Results: Resistance training increased 1RM strength, muscular endurance, and anaerobic sprint
capacity equally in all groups. Significant main and interaction effects (P � 0.05) were found for
body mass, DXA total scanned mass, and fat-free mass (FFM; lean plus bone), whereas no changes
(P � 0.05) were noted for fat mass, percent fat, or bone content. Post hoc analysis showed that,
compared with Pro, subjects ingesting Pro/Col, Pro/Cr, and Col/Cr showed greater gains in body
mass and DXA total scanned mass. Subjects ingesting Pro/Cr and Col/Cr had greater increases in
FFM during training in comparison with Pro/Col.
Conclusion: In conjunction with 12 wk of resistance training, ingestion of Col or a blend of whey
and casein protein with a vitamin/mineral supplement containing Cr resulted in greater improve-
ments in FFM in comparison with Pro and Pro/Col. © 2007 Elsevier Inc. All rights reserved.
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Athletes involved in intense training are thought to have
reater dietary protein needs than individuals who do not
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rain [1,2]. Collectively, the milk proteins (e.g., whey, ca-
ein, and colostrum) are the most popular forms of protein
upplements [3]. Although all three types of proteins are
omplete proteins with an abundance of essential amino
cids and other peptide components (e.g., lactoferrin,
-lactalbumin, etc.), each has some unique characteristics

3,4]. For example, whey protein has been considered “fast”
rotein because its constituent amino acids are released into

he gut at a faster rate when compared with casein. Whey is
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ypothesized to have an effect on promoting protein syn-
hesis but having very little role in protein breakdown [4].
onversely, casein protein is considered a “slow” protein
nd has been shown to release its amino acids from the gut
t a much slower rate in comparison with whey protein [4].
onsequently, casein works to decrease the rate of protein
reakdown but has little influence on protein synthesis [4].

Colostrum is an additional protein source, which has
ecome more popular in recent years [5–7]. Bovine co-
ostrums are the “early” milk produced by cows during the
rst few days after giving birth [6]. This milk has a much
ifferent nutrient profile and immunologic composition
ompared with regular milk [6,8]. The macronutrient profile
s similar to other forms of milk, but bovine colostrums have

much higher concentration of immunoglobulins, growth
actors, and antimicrobial constituents [6,8]. Insulin-like
rowth factor-1 (IGF-1) is a growth factor that is mecha-
istically linked to skeletal muscle hypertrophy [9]. It is
urported that supplementation with colostrum can increase
erum levels of IGF-1 [10], although others have not sup-
orted this relation [11]. These characteristics have led
any investigators to suggest that colostrum supplementa-

ion may enhance training adaptations and subsequent phys-
cal performance [12–15]. In addition to the growth factors,
oncentrations of various antimicrobial agents such as lac-
operoxidase, lactoferrin, lysozymes, and immunoglobulins
A, G, and M) have been hypothesized to provide colostrum
ith increased immune support and function [5,16]. Studies
ave shown that bovine colostrum has �100-fold higher
oncentrations of immunoglobulins A, G, and M compared
ith normal milk [10].
Many nutritional supplements have been developed in an

ttempt to provide an ergogenic benefit in addition to promot-
ng accretion of lean tissue while resistance training. Many of
hese products have been marketed as anabolic and/or ergo-
enic agents. In this regard, creatine monohydrate has become
xtremely popular for its efficacy to increase short-term, ex-
losive activity performance, promoting lean tissue accretion
nd mRNA expression of myogenic regulators [17–19]. The
verall safety and efficacy of creatine monohydrate has also
een well documented [20–22].

Some recent studies have shown that combinations of
roteins (e.g., whey/casein) in addition to creatine and free
orm amino acids during resistance training may not provide
ny advantage over a carbohydrate control [23,24], whereas
ther studies have reported improvements of 3 to 5 kg of
at-free mass (FFM) during resistance training [3,17]. Fry
t al. [25] investigated the impact a creatine-containing
ormulation with different combinations of protein (e.g.,
hey, casein, and colostrum) had on resistance training

daptations. This study, completed in collaboration with
ther colleagues in our research group, reports data from a
ubset of 19 participants of the entire cohort who provided
astus lateralis muscle biopsies before and after the 12-wk
upplementation period. This initial publication suggested

o greater effect on changes in body composition, force c
roduction and cellular adaptations, fiber type percentages,
ber cross-sectional area, relative fiber area, and relative
ajor histocompatibility complex expression in comparison
ith a protein control [25]. The purpose of this study was to
resent data on the entire cohort of participants and deter-
ine the impact various forms of protein (e.g., whey, ca-

ein, colostrum) supplementation with or without a creatine-
ontaining nutrition formulation may have had on body
ass, body water, body composition, muscular strength,
uscular endurance, and anaerobic capacity.

aterials and methods

xperimental design

This study was conducted as a double-blind, placebo-
ontrolled, randomized clinical trial with subjects matched
ccording to age and FFM before the study. All subjects
ere tested at 0, 8, and 12 wk to determine any changes in

riterion variables. Several a priori hypothesis was made:
) all groups would improve their strength and body com-
osition; 2) colostrum supplementation (Pro/Col) would
romote greater improvements in strength and body com-
osition over the protein control (Pro) group; and 3) the
ddition of creatine to colostrum (Col/Cr) and protein control
Pro/Cr) would further promote improvements in strength and
ody composition over non-creatine groups (Pro/Col).

ubjects

Forty-nine apparently healthy male (n � 36) and female
n � 13) subjects, 18 to 45 y of age, volunteered to partic-
pate. Subjects were informed about the experimental pro-
edures and signed informed consent statements and med-
cal history forms in adherence with the human subjects’
uidelines of the University of Memphis and the American
ollege of Sports Medicine before any data collection. Sub-

ects’ descriptive characteristics are presented in Table 1.

ntrance criteria

To participate in this study, subjects had to 1) sign
tatements indicating they had no history of anabolic
teroid use; 2) be experienced with resistance training
�1 y of training) and currently training �3 h/wk with a
rogram that included the bench press and leg press/squat
xercises; 3) refrain from participating in any non-leisure
ndurance training for �20 min at a time (e.g., running,
ycling, swimming, etc.) for the entire study; 4) have not
ngested creatine, �-hydroxy-�-methylbutyrate, or ther-

ogenics before the study and to not take any nutritional
upplements or non-prescription drugs during the study;
) agree to follow a predetermined workout program; 6)
ot have any existing medical conditions that would

ompromise participation in the study; and 7) avoid any
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egular nutritional practices that might confound the re-
ults of the study (i.e., vegetarianism, caloric restriction,
ood allergies, etc.).

amiliarization and testing sessions

Subjects participated in one familiarization session and
hree identical testing sessions at 0, 8, and 12 wk. During the
amiliarization session, informed consent statements were
igned and medical and exercise history forms were com-
leted. A general physical examination (e.g., heart rate, blood
ressure, breath sounds, reviewing medical history form, etc.)
as completed and participants were risk-stratified according

o American College of Sports Medicine criteria. Subjects
ompleted practice trials of all strength testing and anaerobic
apacity equipment before being provided specific instructions
n exercise technique and recording of training data. Approx-
mately 1 wk separated the familiarization session from the
aseline testing session (T0) to allow time for subjects to
omplete dietary recalls. Presupplementation assessments in-
luded 1) a 4-d dietary record, 2) measurement of body mass
nd total body water by bioelectrical impedance analysis, 3)
ody composition assessment using dual-energy X-ray absorp-
iometry (DXA), and 4) one-repetition maximum (1RM)
trength tests (normalized per unit of body mass) on the bench
ress and leg presses. After each respective 1RM test, sub-
ects completed a maximal repetitions to fatigue test with
0% of their 1RM as a measurement of muscular endur-
nce; and 5) peak power, total work, and fatigue rate using

computerized 30-s Wingate testing system on a cycle
rgometer.

Subjects were matched according to FFM and age by
tratifying participants into clusters. Participants from all
lusters started supplementation and training at the same
ime. In a double-blinded and randomized manner, subjects
ere assigned to one of four isocaloric and isonitrogenous

able 1
escriptive characteristics of subjects

ariable Gender* Mean SD

ody weight (kg) Male 84.1 11.9
Female 65.0 14.4
Total 79.0 15.1

eight (cm) Male 178.4 6.9
Female 164.8 5.8
Total 174.8 9.0

ge (y) Male 27.3 6.5
Female 27.1 5.3
Total 27.2 6.2

XA percent body fat Male 16.5 4.5
Female 26.9 7.7
Total 19.3 7.2

DXA, dual-energy X-ray absorptiometry
* n � 36 males, n � 13 females, n � 49 total subjects.
upplement groups (Table 2).
rocedures

Subjects were instructed to report to a research nurse at
he end of each week of training to report the frequency
nd/or severity of any possible side effects (i.e., bloating,

able 2
utrition information for supplements*

utrient Pro Pro/Col Pro/Cr Col/Cr

rotein (g)
Casein 43.5 7.5 43.5 7.5
Whey 31.5 7.5 31.5 7.5
Colostrum 60 60

arbohydrates (g)
Lactose 1.525 1.525 1.525 1.525
Saccharose 15.1 15.1 15.1 15.1
Organic acids 0.9 0.9 0.9 0.9
Others 0.2 0.2 0.2 0.2

at (g)
Saturated 1.3 1.3 1.3 1.3
Monounsaturated 4.4 4.4 4.4 4.4
Linoleic acid 1.73 1.73 1.73 1.73
�-Linolenic acid 0.37 0.37 0.37 0.37
inerals (mg)
Sodium 108 108
Potassium 750 750
Chlorine 203 203
Calcium 315 315
Phosphorus 183 183
Magnesium 20 20

race elements
Iron (mg) 1 1
Zinc (mg) 15 15
Copper (mg) 1.5 1.5
Manganese (mg) 3.0 3.0
Fluorine (mg) 1.0 1.0
Molybdenum (�g) 50 50
Selenium (�g) 50 50
Chromium (�g) 33 33
Iodine (�g) 100 100

itamins
Vitamin A (�g RE) 668 668
Vitamin D (�g) 5 5
Vitamin E (mg �-TE) 538 538
Thiamin (mg) 25 25
Riboflavin (mg) 3.0 3.0
Niacin (mg NE) 20 20
Pantothenate (mg) 4.0 4.0
Vitamin B6 (mg) 6.0 6.0
Folate (�g) 600 600
Vitamin B12 (�g) 3.0 3.0
Biotin (�g) 100 100
Vitamin C (mg) 250 250

ther nutrients
Carnitine (g) 3 3
Choline (mg) 100 100
Creatine (g) 3 3
Taurine (g) 3 3
Coenzyme Q10 (mg) 50 50

�-TE, �-tocopherol equivalents; Col/Cr, colostrum � creatine formula-
ion; NE, niacin equivalents; Pro, protein control; Pro/Col, protein
ontrol � colostrum; Pro/Cr, protein control � creatine formulation; RE,
etinol equivalents.
* Values represent approximately daily intake.



c
a
t

s
p
b
m
c
S
j
i
a
p
s
c
w
t
o
n
d
h
u
O
t
o
e
p

l
v
t
t
t
e
o
h
S

m
i
l
a
(
t
w
P
f
m
p
b
t
b
(
r
t

t
m
t
p
f
m
d
f
c

1
t
p
t
w
s
1
t
b
p
a
a
l
r
o
d
p
t
a
S
s
w
f
e
m
c
r
t
S
t
w
g
t
a
t
t
s
a
r
0

s
p
c
C

650 C. M. Kerksick et al. / Nutrition 23 (2007) 647–656
ramps, diarrhea, etc.) and their compliance to the training
nd supplementation protocols. If participants failed to con-
act the nurse, the nurse initiated this follow-up.

Supplements were prepared in powder form with similar
mell, texture, taste, and appearance and independently
ackaged/labeled in single-serving foil packets for double-
linded administration. All supplements were verified for
acronutrient content and for creatine and vitamin/mineral

ontents by Covance Laboratories, (Madison, WI, USA).
ubjects were instructed to mix the supplement with water,

uice, or milk and ingest the solution as soon as possible, but
deally within 1 h [26], after their workouts on training days
nd in the morning (�0900 h) of non-training days. Sup-
lement ingestion date/time was recorded daily and empty
upplement packets were collected and counted as a per-
entage of those consumed to verify subject compliance
ith supplementation. Subjects were instructed to maintain

heir normal diet and record all food and fluid consumed
ver a 4-d period (3 weekdays, 1 weekend day) at desig-
ated times to ensure dietary habits did not change. All
ietary records were analyzed by the same individual who
ad several years of experience entering dietary records
sing ESHA Food Processor 7.8 (ESHA Research, Salem,
R, USA). Unavailable foods were entered into the da-

abase from the manufacturer’s label. Four-day averages
f caloric and macronutrient intake were calculated from
ach dietary record and expressed per unit of body weight
er day.

For initial and follow-up testing, subjects reported to the
aboratory between 0800 and 1000 h to control for diurnal
ariation. Due to the work schedules of some participants,
heir testing sessions were completed during similar times in
he afternoon for the three sessions. Body weight was ob-
ained using a calibrated Healthometer digital strain gauge
lectronic scale (Bridgeview, IL, USA) with a precision
f �0.02 kg. Total body water was estimated using a Val-
alla Bioelectrical Impedance Analyzer (Valhalla Scientific,
an Diego, CA, USA) [27].

Whole-body (excluding cranium) composition was esti-
ated according to previous procedures [28,29] by certified

nvestigators using a Hologic QDR-4500W DXA using Ho-
ogic 9.80C (Waltham, MA, USA). This DXA device scans
nd measures bone, fat, lean (bone-free) mass, and FFM
lean plus bone) in the right and left arms and legs and the
orso. Hologic software uses these values to calculate
hole-body (excluding cranial) bone, fat, and lean masses.
ercent body fat was determined by dividing the amount of
at mass by the total scanned mass. DXA is a highly reliable
ethod of determining soft tissue body composition and

ercent body fat for specific body regions and for the whole
ody [28–31]. Manufacturer and state-certified investiga-
ors performed all DXA analyses. Quality control cali-
ration procedures were performed on a spine phantom
Hologic X-CALIBER Model DPA/QDR-1 anthropomet-
ic spine phantom) before each testing session according

o standard procedures [32]. Mean coefficients of varia- p
ion in bone mineral content and bone mineral density
easurements on the spine phantom ranged from 0.41%

o 0.55% throughout the life of the unit. Subjects were
ositioned on the DXA table using standardized methods
or each test. Test-retest reliability studies performed on
ale athletes with this DXA machine yielded a mean

eviation for total bone mineral content and total fat
ree/soft tissue mass of 0.31% with a mean intraclass
orrelation of 0.985 [32].

After body composition analysis, subjects performed
RMs and maximal repetitions to fatigue tests using 80% of
heir predetermined 1RM with the bench press and leg
ress. All data were normalized per unit of body mass and
he maximal load (repetitions completed times weight used)
as calculated from the maximal repetitions test as a mea-

urement of muscular endurance. A warmup of two sets of
0 repetitions at �50% 1RM was typically followed by
hree to five progressive 1RM attempts with 2-min rest
etween attempts using a standard 20-kg barbell and bench
ress (AMF, Jefferson, IA, USA). Grip width was recorded
nd all weight plates used were numbered and similar across
ll testing sessions. Subjects were required to maintain good
ifting form (i.e., feet in contact with the floor, buttocks
emaining in contact with the bench, no bouncing of the bar
ff of the chest) during all lifts. Once bench press 1RM was
etermined, subjects were allowed a 5-min rest and com-
leted a maximal repetitions to fatigue test with 80% of
heir bench press 1RM. Subjects were given 5 min of rest,
nd leg press 1RM was determined on an AMF hip sled.
ubjects were positioned flat on their back in a back/
houlder support, which was adjusted so that the subject
as positioned with thighs approximately 1 to 2 inches

rom their torso and their knees at an angle approximately
qual to 90 degrees. Back/shoulder support, foot place-
ent, and weight plates used were numbered and re-

orded for subsequent testing sessions. Subjects were
equired to maintain good lifting form (hands/forearms at
heir sides with the lower back flat on the back pad) [33].
ubjects typically used four to six attempts to achieve

heir leg press 1RM while appropriately adjusting the
eight with a 2-min rest between attempts. Subjects were
iven a 5-min rest and completed a maximal repetitions
o fatigue test with 80% of their leg press 1RM. During
ll testing sessions, subjects were equally encouraged by
he investigators. Test-retest reliability of performing
hese strength tests in our laboratory on resistance-trained
ubjects have yielded low mean coefficients of variation
nd high reliability for the bench press (1.9%, intraclass
� 0.94) and hip sled/leg press (0.7%, intraclass r �

.91) [17].
Subjects completed a 30-s Wingate anaerobic capacity

print test on a cycle ergometer. The sprint tests were
erformed at a standardized resistance of 0.70 N on a
omputerized CardiO2 cycle ergometer (ErgometRx

orp., St. Paul, MN, USA) equipped with toe clips. Seat

osition and height were recorded and standardized be-
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ween trials. The ergometer was connected with a RS232
arallel interface to a Dell 466/Le Optiplex computer
Dell Computer Corp., Austin, TX, USA) using ErgometRx

ardioscribe and Exerscribe software (ErgometRx Corp.).
rank frequency was measured using a crystal referenced optic
ncoder with a precision range of 0–200 rpm and an accuracy
f �1 rpm. Power production was determined by a calibrated
train gauge with a range of 0–2000 W and an accuracy of
1.0%. Data were collected and downloaded into the com-

uter at 0.5-s intervals. Test-retest reliability in our laboratory
or Wingate sprints tests is r � 0.96 [34].

The training program consisted of four workouts per
eek (two for upper body and two for lower body),
hich primarily used multijoint exercises that targeted

he major muscle groups (Table 3). All subjects were
equired to perform each exercise to the point of reaching
uscular failure at the last repetition of each set [33,35].
ubjects were instructed to rest for approximately 1 min
etween sets and 2 min between each exercise. Workouts
ere completed at each participant’s own training facility

nd were verified by a training partner, fitness instructor,
r personal trainer.

tatistical analysis

A priori power analysis revealed values of 0.16, 0.78,
nd 0.98 for small (0.25), moderate (0.75), and large
1.25) effect sizes, respectively for the sample size used
n this study. All criterion-dependent variables were an-
lyzed by separate 4 � 3 (group � test) univariate
nalysis of variance with repeated measures on test. Di-
tary intake (calorie, carbohydrate, protein, and fat in-
akes) were evaluated by one-way analysis of variance
sing SPSS 11.5 for Windows (SPSS, Inc., Chicago, IL,
SA). Group means were considered significantly differ-

nt when the probability of type I error was �0.05. Post

able 3
esistance training program

Exercise order

Monday, Thursday*† Tuesday, Friday*†

Bench press Leg press
Chest flies Leg extensions
Lateral pull Dead lift
Seated row Lunges
Shoulder press Lying leg curls
Shoulder shrugs Heel raises
Biceps curls
Triceps extensions

Weeks Sets � repetitions
1–4 3 � 10
5–8 3 � 8
9–12 3 � 6

Abdominal crunches remained at 3 � 25

* One-minute rest between sets.
† Two-minute rest between exercises.
oc procedures were conducted when necessary using C
ukey’s t test. Delta scores for selected variables were
alculated as post-test less pretest values and are pre-
ented graphically. Remaining raw data are listed in ta-
les and presented as mean � standard deviation.

esults

onitoring of side effects

The training and supplementation protocols were well tol-
rated by most participants. As expected, mild side effects (i.e.,
loating, cramps, diarrhea) were reported by a small number
n � 10) of participants, but none of these side effects com-
romised compliance to the training or supplementation regi-
en. One woman terminated her participation due to an in-

bility to consume the assigned supplement.

utritional data

There were no statistically significant differences (P �
.05) between groups for total calorie, carbohydrate, pro-
ein, and fat intakes (Table 4).

ody composition

There were no significant changes for total body water,
XA fat mass, DXA percent body fat, and bone mineral

ontent for all four groups over time (Table 5). Significant
ncreases across time for all four groups were seen for body
ass, DXA total scanned mass, and DXA FFM. Significant

nteractions and subsequent post hoc analysis of the body

able 4
ietary intake (normalized per unit body weight) for the Pro, Pro/Col,
ro/Cr, and Col/Cr groups

ariable Group* Mean � SD Significance

nergy intake
(kcal · kg�1 · d�1)

Pro 38.9 � 14.4
Pro/Col 38.9 � 11.3 0.558
Pro/Cr 34.1 � 5.0
Col/Cr 39.2 � 9.9

arbohydrate intake
(g · kg�1 · d�1)

Pro 4.5 � 1.6
Pro/Col 4.6 � 1.2 0.480
Pro/Cr 3.9 � 0.7
Col/Cr 4.3 � 1.0

rotein intake
(g · kg�1 · d�1)

Pro 2.2 � 0.9
Pro/Col 1.9 � 0.4 0.488
Pro/Cr 2.0 � 0.4
Col/Cr 2.3 � 0.9

at intake
(g · kg�1 · d�1)

Pro 1.3 � 0.6
Pro/Col 1.3 � 0.7 0.539
Pro/Cr 1.1 � 0.2
Col/Cr 1.3 � 0.5

Col/Cr, colostrum � creatine formulation; Pro, protein control; Pro/Col,
rotein control � colostrum; Pro/Cr, protein control � creatine formulation

* Pro group, n � 12; Pro/Col group, n � 13; Pro/Cr group, n � 13;

ol/Cr group, n � 11.
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omposition data revealed that the Pro/Col, Pro/Cr, and
ol/Cr groups had significantly greater increases in com-
arison with the Pro group for body mass (P � 0.02) and
XA total scanned mass (P � 0.02). Participants who

ngested Pro/Cr and Col/Cr had greater (P � 0.05) gains in
XA FFM than those who ingested Pro (P � 0.04). Delta
alues were graphed to highlight the changes made over
ime (Figs. 1 and 2).

uscular strength and endurance

There were significant increases across time (P � 0.05)
or bench press 1RM and load and for leg press 1RM and
oad. No significant group � time interactions were found
or the normalized bench press 1RM, bench press load, leg
ress 1RM, and leg press load (Table 6).

naerobic capacity

For the 30-s Wingate test, there was a significant
ncrease over time for peak power across groups; how-

able 5
ody water and body composition changes for the Pro, Pro/Col, Pro/Cr, a

ariable Group* Week 0

ody water (L) Pro 48.9 � 11.0
Pro/Col 48.4 � 7.7
Pro/Cr 49.4 � 15.4
Col/Cr 52.1 � 15.7

ody water (%) Pro 61.8 � 3.1
Pro/Col 61.9 � 5.9
Pro/Cr 59.6 � 4.7
Col/Cr 63.1 � 4.3

XA total scanned mass (kg) Pro 71.4 � 14.9
Pro/Col 73.5 � 11.0
Pro/Cr 72.1 � 16.2
Col/Cr 73.2 � 17.0

XA fat mass (kg) Pro 12.2 � 3.6
Pro/Col 14.2 � 6.9
Pro/Cr 15.8 � 7.5
Col/Cr 13.6 � 9.8

XA body fat (%) Pro 17.3 � 5.0
Pro/Col 19.3 � 7.3
Pro/Cr 21.7 � 7.7
Col/Cr 18.6 � 8.4

XA fat-free mass (kg) Pro 59.2 � 13.5
Pro/Col 59.2 � 9.8
Pro/Cr 56.3 � 13.6
Col/Cr 59.6 � 14.1

XA bone content (kg) Pro 2.26 � 0.5
Pro/Col 2.18 � 0.4
Pro/Cr 2.15 � 0.5
Col/Cr 2.21 � 0.5

Col/Cr, colostrum � creatine formulation; DXA, dual-energy x-ray abs
rotein control � creatine formulation
* Pro group, n � 12; Pro/Col group, n � 13; Pro/Cr group, n � 13; C
† Significant main effect for time (P � 0.05).
‡ Pro/Cr and Col/Cr greater than Pro (P � 0.05).
§ Pro/Col, Pro/Cr, and Col/Cr greater than Pro (P � 0.05).
ver, there were no changes for total work and fatigue p
ndex (Table 6). There were no significant group � time
nteractions for peak power, total work, and fatigue
ndex.

ig. 1. Delta value change in body mass (kilograms) at 0, 8, and 12 wk.
ata are mean � SD. †All groups showed a significant increase from time
. �Pro/Col significantly greater than Pro. �Col/Cr significantly greater
han Pro. ‡Pro/Cr significantly greater than Pro. Col/Cr, colostrum �
reatine formulation (n � 11); Pro, protein control (whey protein � casein
rotein; n � 12); Pro/Col, protein control � colostrum (n � 13); Pro/Cr,

l/Cr groups

ek 8 Week 12 Significance

8 � 10.3 48.9 � 10.4 Group 0.751
3 � 5.2 50.1 � 7.7 Time 0.519
0 � 10.8 50.0 � 10.4 Group � time 0.892
4 � 10.3 52.1 � 11.9
4 � 3.2 61.6 � 3.0 Group 0.414
2 � 4.5 61.4 � 6.0 Time 0.950
4 � 6.5 60.5 � 5.7 Group � time 0.374
5 � 4.4 63.0 � 4.7
1 � 14.6 72.0 � 15.2† Group 0.953
9 � 11.3 75.6 � 11.0§ Time �0.001†

3 � 16.8 73.7 � 16.7§ Group � time 0.021§

7 � 17.0 76.4 � 17.2§

9 � 3.6 12.0 � 3.4 Group 0.506
4 � 7.2 15.0 � 6.9 Time 0.093
0 � 7.1 15.8 � 7.1 Group � time 0.274
9 � 6.7 14.2 � 6.8
6 � 4.5 16.9 � 4.2 Group 0.444
1 � 7.5 19.8 � 7.2 Time 0.743
4 � 7.0 21.2 � 7.1 Group � time 0.401
5 � 8.1 18.7 � 8.2
2 � 13.0 60.0 � 13.5 Group �0.911
5 � 9.9 60.5 � 9.8 Time �0.001†

3 � 13.9 57.9 � 13.6 Group � time �0.035‡

7 � 14.5 62.2 � 14.6
5 � 0.5 2.28 � 0.5 Group 0.955
1 � 0.4 2.20 � 0.4 Time 0.062
7 � 0.5 2.13 � 0.5 Group�time 0.930
2 � 0.5 2.24 � 0.5

etry; Pro, protein control; Pro/Col, protein control � colostrum; Pro/Cr,

group, n � 11. Raw data are presented as mean � SD.
nd Co

We

48.
48.
48.
54.
61.
61.
61.
64.
72.
74.
74.
75.
11.
14.
16.
13.
16.
19.
21.
18.
60.
60.
58.
61.
2.2
2.2
2.1
2.2

orptiom

ol/Cr
rotein control � creatine formulation (n � 13).
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iscussion

The present study is one of the few studies that have
xamined changes in body composition, including body water,
nd muscular performance after 12 wk of rigorous resistance
raining while supplementing with equivalent amounts of pro-
ein but from different sources. The primary findings of the

ig. 2. Delta value change in dual-energy X-ray absorptiometric fat-free
ass (kilograms) at 0, 8, and 12 wk. Data are mean � SD. †All groups

howed a significant increase from time 0. �Col/Cr significantly greater
han Pro. ‡Pro/Cr significantly greater than Pro. Col/Cr, colostrum �
reatine formulation (n � 11); Pro, protein control (whey protein � casein
rotein; n � 12); Pro/Col, protein control � colostrum (n � 13); Pro/Cr,
rotein control � creatine formulation (n � 13).

able 6
aximal strength (normalized per unit body weight), lifting load (repetiti

ro/Cr, and Col/Cr groups

ariable Group* Week 0

elative bench press 1RM
(kg/kg BW)

Pro 0.48 � 0.17
Pro/Col 0.48 � 0.14
Pro/Cr 0.41 � 0.15
Col/Cr 0.48 � 0.13

ench press load (repetitions/kg) Pro 692 � 276
Pro/Col 681 � 276
Pro/Cr 629 � 351
Col/Cr 730 � 274

elative leg press 1RM
(kg/kg BW)

Pro 0.78 � 0.27
Pro/Col 0.78 � 0.23
Pro/Cr 0.66 � 0.30
Col/Cr 0.73 � 0.26

eg press load (repetitions/kg) Pro 2048 � 1268
Pro/Col 1937 � 1148
Pro/Cr 1117 � 828
Col/Cr 1369 � 895

eak power (W) Pro 836 � 248
Pro/Col 864 � 235
Pro/Cr 748 � 228
Col/Cr 863 � 236

otal work (J) Pro 216.4 � 66.6
Pro/Col 214.4 � 44.4
Pro/Cr 213.1 � 58.0
Col/Cr 199.4 � 60.6

atigue index (%) Pro 64.2 � 12.3
Pro/Col 67.8 � 12.3
Pro/Cr 66.2 � 10.9
Col/Cr 67.1 � 13.4

1RM, one-repetition maximum; BW, body weight; Col/Cr, colostrum
ontrol; Pro/Col, protein control � colostrum; Pro/Cr, protein control � c

* Pro group, n � 12; Pro/Col group, n � 13; Pro/Cr group, n � 13; C

† Significant main effect for time (P � 0.05).
resent study suggest that combined supplementation of co-
ostrum protein plus creatine or a whey/casein protein blend
lus creatine (Table 2) promotes the greatest increases in FFM
ass while completing 12 wk of rigorous resistance training
hen compared with isocaloric, isonitrogenous controls. All
roups demonstrated a significant increase over time (P �
.05) for body mass, DXA total scanned mass, and FFM;
owever, the Pro/Cr and Col/Cr groups showed greater in-
reases in FFM compared with the Pro group.

Protein supplementation has been suggested to increase
esistance training adaptations and has increased in popu-
arity over the past decade [36,37]. Milk proteins such as
asein and whey are the predominant sources of protein for
hese products [3,24,38]. Scientific evidence supports the
se of these proteins to effectively deliver key nutrients and
nhance performance [1,4,26,38]. Regarding colostrum sup-
lementation, one study used lower doses (20 g/d) during
esistance training [7], whereas others have looked at other
odes of exercise (e.g., treadmill running, high-intensity

owing, repeated sprinting performance, etc.) while imple-
enting dosing regimens similar to that in the present study

11–13,39].

weight), and Wingate anaerobic capacity changes for the Pro, Pro/Col,

eek 8 Week 12 Significance

0.51 � 0.15 0.51 � 0.15 Group 0.573
0.51 � 0.13 0.49 � 0.12 Time 0.001†

0.45 � 0.15 0.44 � 0.14 Group � time 0.436
0.51 � 0.13 0.51 � 0.13
735 � 357 728 � 352 Group 0.727
818 � 370 716 � 310 Time 0.019†

605 � 305 715 � 342 Group � time 0.553
757 � 353 879 � 318
0.86 � 0.25 0.85 � 0.22 Group 0.655
0.86 � 0.19 0.87 � 0.21 Time �0.001†

0.76 � 0.28 0.77 � 0.26 Group � time 0.299
0.84 � 0.25 0.87 � 0.24
840 � 1947 2816 � 2236 Group 0.499
584 � 917 2551 � 1156 Time �0.001†

156 � 1147 2341 � 1169 Group � time 0.481
295 � 1292 2457 � 1410
868 � 217 856 � 217 Group 0.673
922 � 222 925 � 193 Time 0.002†

830 � 261 834 � 248 Group � time 0.832
926 � 246 892 � 214
14.3 � 64.4 205.6 � 61.2 Group 0.866
31.6 � 49.1 221.4 � 50.4 Time 0.566
20.0 � 57.2 204.5 � 43.9 Group � time 0.821
18.9 � 53.8 194.9 � 83.8
65.1 � 8.6 59.7 � 8.9 Group 0.501
69.4 � 13.4 69.7 � 11.5 Time 0.369
68.3 � 12.0 64.8 � 12.7 Group � time 0.579
64.4 � 12.3 65.3 � 11.0

atine formulation; DXA, dual-energy x-ray absorptiometry; Pro, protein
e formulation
group, n � 11. Raw data are presented as mean � SD.
ons �

W

2
2
2
2

2
2
2
2

� cre
reatin

ol/Cr
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Colostrum is the initial (�3 d) lacteal secretion of cows
pon giving birth. Colostrum has a greater concentration of
arious growth factors (e.g., epidermal growth factors,
GF-1, transforming growth factors, tumor necrosis factor,
tc.) and increased concentration of immunoglobulins
6,10]. Colostrum supplementation may stimulate anabo-
ism and/or be ergogenic; however, this effect has not been
lucidated. The wide array of growth factors and constit-
ents found in colostrum may provide an additional non-
utritive factor that is anabolic in skeletal muscle. A
otential anabolic factor may be IGF-1, which is a factor
hat regulates muscle protein turnover and increases in
esponse in resistance training [40]. Mero et al. [10]
ound that colostrum supplementation increased circulat-
ng levels of IGF-1 and immunoglobulin A in male
printers. In addition, Mero et al. [5] reported that 2 wk
f colostrum supplementation (20 g/d) increased serum
oncentrations of essential amino acids and promoted a
ositive net balance of protein [26]. In contrast, Buckley
nd others reported that colostrum supplementation has
o role at increasing circulating levels of IGF-1 in phys-
cally active males who were completing run training or
esistance training [11,14,39] but may promote increases
n run performance during subsequent maximal exercise
outs [14].

Fry et al. [25] reported on a subset (n � 19) of partici-
ants from the present study who provided muscle biopsies
efore and after supplementation and resistance training to
nvestigate changes in cellular responses (e.g., fiber types,
ber cross-sectional area, relative fiber area, and relative
ajor histocompatibility complex expression) in addition to

elected performance and body composition changes. The
nvestigators reported no significant changes for any of the
riterion variables, which included DXA lean mass and
ody mass. Upon including the addition of 30 study par-
icipants who did not provide a biopsy to the previously
eported data, significant increases in FFM were shown in
he Col/Cr and Pro/Cr groups in comparison with the
ro group. The initial publication presented tissue-related
hanges, whereas the present study is presenting the phys-
ologic adaptations using the entire cohort.

In the present study, increases in FFM were greater in the
ro/Cr group than in the Pro group. The protein composi-

ion in the Pro and Pro/Cr groups was a blend of whey and
asein protein. This combination has been previously re-
orted to promote greater increases in lean tissue during
esistance training in comparison with isocaloric and isoni-
rogenous controls [3]. Previous research by Boirie et al. [4]
as suggested that whey and casein may possess different
inetic patterns. Whey protein releases it amino acids at a
ast rate, stimulating protein synthesis, whereas digestion of
asein results in a slower release of amino acids, which
erves to prevent the breakdown of protein. Although not
irectly investigated in this study, the combination of whey
nd casein may have been responsible for the increases seen

n FFM in these groups [3]. i
In the present study, the inclusion of creatine monohy-
rate may be the likely candidate for explaining the greater
ncrease in FFM in the Pro/Cr and Col/Cr groups over the
ro group. Creatine monohydrate is an extremely popular
utritional supplement, which has been widely reported to
ave ergogenic and anabolic effects in individuals undergo-
ng rigorous resistance training [17–19,38]. The dosage of
reatine used in the present study was similar to dosages
rovided in other studies, which increased intramuscular
reatine levels, increased FFM, and improved strength and
naerobic performance [18,41,42]. Considering the topic of
esponders and non-responders to creatine supplementation
44], most subjects in the Pro/Cr and Col/Cr groups were
ikely “responders” because these groups had greater gains
n FFM compared with the Pro group. Measurement of
uscle creatine concentrations could be used to confirm
hether subjects were creatine responsive, but that was not
one in the present study [43]. Nonetheless, these findings
re consistent with previous studies, which used other com-
inations of protein and creatine [24,44] and reported no
hange in muscular strength and endurance. Fat mass was
nchanged in the present study, which is consistent with
imilar studies [7]. In addition, percent body fat, bone min-
ral content, and total body water were unchanged through-
ut the present study.

Many studies have investigated possible ergogenic ef-
ects of colostrums with various modes of exercise. These
esults are equivocal with previous reports suggesting no
rgogenic effect [12,13,15] and others reporting an ergo-
enic effect [11,14,16]. Other investigators have also sug-
ested that colostrum improves recovery from prolonged,
ntense exercise [14,15]. A plausible explanation for the
ncrease in FFM in the Col/Cr and Pro/Cr groups without
ny performance changes relates to the improvement of
ecovery within and between each workout. This effect has
een reported for creatine supplementation [45]; however,
roblems with the recording of training volume (e.g., par-
icipants not turning in their workout cards, properly record-
ng them) throughout the study made an accurate calculation
f training volume impossible. Nonetheless, the results of
he present study do not provide additional support for any
ossible role colostrum may have as an ergogenic agent.
imilar gains were made by all groups for muscular
trength, muscular endurance, peak power, total work, and
atigue index. These findings, however, do provide efficacy
or the resistance training program used to promote muscle
ypertrophy.

Our data demonstrate no significant differences in total
aloric intake and in carbohydrate, protein, and fat intakes
hroughout our 12-wk study. The changes observed for
XA FFM and body mass are unlikely to be due to differ-

nces in macronutrient intake. These findings should be
nterpreted with caution because previous research has in-
icated that people typically under-report their nutritional

ntake [46].
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onclusion

Protein supplementation from whey, casein, and co-
ostrum sources during resistance training promotes in-
reases in body mass and FFM in addition to increases in
trength. The combination of whey and casein protein plus
reatine or colostrum plus creatine promoted greater in-
reases in FFM compared with protein alone or protein plus
olostrum. However, these changes may have resulted
olely from the inclusion of creatine. These data are impor-
ant for any clinical population, dietitian, athlete, or coach
ho may use protein supplementation to support energy and
acronutrient requirements to optimize training adapta-

ions, mitigate muscle loss, and prevent muscle atrophy.
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