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Abstract
The purpose of this study was to determine the effects of whey pro-
tein supplementation on performance and hormonal changes during
an 8-week resistance training program in novice weight trained men.
Forty recreational weight trained men were randomly divided into 
a whey protein supplementation (WP) group (n=20), and a placebo
(PL) group (n=20). Each group was given either whey protein or a pla -
cebo in a double-blind manner to be taken orally for eight weeks (1.8
g/kg/day). WP and PL groups performed the same weight training pro-
gram 3 days, each week for 8 weeks. The training consisted of 3 sets
of 8 repetitions, and the initial weight was 80% of the pre-1RM. Sub -
jects were tested for performance and blood hormone concentrations
before and after the 8-week period.
The WP group achieved greater increases in body weight, explosive
muscular power, muscle strength and blood testosterone when com-
pared to the PL group; however, cortisol concentrations were signifi-
cantly more reduced in WP group when compared to the PL group.
It can, therefore, be concluded that within 8 weeks whey protein sup-
plementation was found to increase explosive muscular power, body
weight and muscle strength.
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Introduction
Resistance training programs are used to achieve many different goals, such as performance

improvement, injury rehabilitation, muscle tone improvement and strength improvement [1].

People around the world spend billions of dollars on supplements [2]. On the other hand, improv-

ing athletic performance, reducing fatigue, changes in body composition and fitness are the

increased requirements for the consumption of nutrient supplements [3]. Protein is one of the

most popular dietary supplements marketed to athletes and physically active individuals [4].

Although some studies have demonstrated that protein supplementation in previously untrained

adults performing resistance exercise does not provide any benefit in regard to increases in lean

body mass or strength [5,6], evidence does support a greater protein need for strength and

power athletes compared to endurance athletes and the sedentary population [7,8]. Considering

that heavy resistance exercise results in disruption or damage to the active muscle fibers, 

a greater protein intake may assist in the repair and remodeling process of these fibers [9]. 

A decrease in muscle damage, attenuation of force decrements, and an enhanced recovery from

resistance exercise has been demonstrated in subjects using protein supplements [10,11].

During the manufacturing process of cheese or casein whey proteins are separated from whey

liquid (whey) as complete and efficacious proteins with the biological value of 104–159 amino

acids, rich in vitamins and minerals required of athletes and active compounds of biological

growth factors [12]. To maintain a positive nitrogen balance in strength-trained individuals, it is

suggest ed that they consume protein intake ranging from 1.6 to 1.8 g · kg-1 · day-1 [13,14]. The

combination of resistance training with reduced cortisol concentrations suggests attenuation in

the rise of post-exercise muscle degradation [15]. In addition, dietary protein content has also

been suggested to influence testosterone concentrations [16] and the hormonal response to 

a resistance exercise session [17]. Several human [18,19,20,21] and rodent trials [22,23]

demonstrate whey protein’s ability to improve body composition (increase in muscle mass and/or

a decrease in fat mass) as well as to promote a physiological response that may explain these

changes. For example, in a group of healthy adults, in direct comparison to supplementation with

casein, whey protein supplementation (30 grams/day) improved body composition (lean mass

was maintained, while fat mass was reduced) via enhanced antioxidant (GSH) status [21]. This

improvement was obtained without exercise training. Another double-blinded study that used two

groups of matched, resistance exercise-trained young men, demonstrated a significantly greater

gain in lean body mass and strength in a group provided with whey protein isolate (1.5g/kg/day)

compared to a matched group given an equivalent dose of casein [20]. However, there have only

been a few studies that have examined the effect of prolonged protein supplementation (e.g.

length of a typical off-season resistance training program) on changes in hormonal concentra-

tions in resistance trained men. Studies examining the effect of protein supplementation on

strength enhancement are limited and results have been inconclusive. However, other studies

did not find any significant changes in the profiles of hormonal responses to resistance exercise

due to long-term strength training in adult men [24,25,26,27]. Thus, the purpose of this study was

to examine the effect of whey protein supplementation on strength, explosive muscular power,

body weight and hormonal adaptations during an 8-week resistance training program in novice

weight trained men.

Material and methods

Subjects
Forty healthy recreationally training male students of Guilan University volunteered to partic-

ipate in this study. Subjects were randomly assigned to either a whey protein supplement group

(WP; n =20) or a placebo group (PL; n =20). After signing the informed consent, demographic in -

for mation regarding each subject was collected. This information included the subject’s age,

88

H. Arazi, M. Hakimi, K. Hoseini, Whey Protein Supplementation and Hormonal Adaptations



height and body weight (see Table 1). Before undergoing the tests, the subjects were given

explanations about the assessment procedures, study objectives, and the possible benefits and

risks. The Institutional Review Board of the University approved of the research protocol.

According to the medical information questionnaire, all subjects were healthy and none com-

plained of hypertension, a cardiovascular disease, diabetes, lipid disorders, a kidney disease, 

a liver disease, respiratory and bone injuries and did not report any supplement use in past 

6 months. None of them had continuous exercise history. They were recreationally weight trained

and did not follow a specific diet. The study protocol was explained to the volunteers, and all of

them signed a written consent for the study. Before the study, the subjects were informed about

the type, severity and number of days in a week and the time of activities, and they were asked

to keep the diet and the intensity of activities constant during the study period, and not to use

any other dietary supplements. Their body weight was measured to the nearest 0.1 kg using an

electronic body weight scale (Seca 707; Seca GmbH & Co. KG., Hamburg, Germany). 

Experimental design
A double-blind, randomized study was employed using two experimental groups (whey pro-

tein and placebo supplementation) who underwent 8 weeks’ supplementation. Before starting the

training, pre-1 repetition maximum (1RM) values were obtained on the following exercises: leg

extension, leg flexion, squat, bench press, lateral pull down, and triceps pushdown. Six different

lifts were performed and they were identical to those used in the 1RM measurements. WP and

PL groups performed the same weight training program 3 days (Monday, Wednesday, and

Friday) each week for 8 weeks. The training consisted of 3 sets of 8 repetitions, and the initial

weight was 80% of the pre-1RM. The warm-up prior to each session consisted of 2 sets of 12

repetitions of the first exercise at 40% of the 1RM load, and then 80% of the 1RM load was

selected as the load used in testing [18, 28]. When participants were able to perform more than

8 repetitions on the third set, they were instructed to increase their resistance for the next work-

out. Rest times between sets were 2–3 minutes, and 3–5 minutes elapsed between the 6 differ-

ent lifts. After selection for either the supplement group or the placebo group, the subjects were

required to participate in an 8-week training program, details of which are outlined below. After

the 8-week training program, post-testing for 1RM were repeated in the same manner in which

they were performed during pre-testing.

Strength measures
Lower and upper body maximal strength was assessed by using 1RM actions. During each

testing session subjects performed a 1-repetition maximum (1-RM) strength test for the squat

and bench press exercises. The 1 RM tests were conducted as described by Hoffman [29]. Each

subject performed a warm-up set using resistance that was approximately 40-60% of his per-

ceived maximum, and then performed three to four subsequent attempts to determine the 1-RM.

A 3–5 minute rest period was provided between each lift. No bouncing was permitted, as this

would have artificially boosted strength results. Bench press testing was performed in the stan-

dard supine position: the subject lowered an Olympic weightlifting bar to midchest and then

pressed the weight until his arms were fully extended. The squat exercise required the subject
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to rest an Olympic weightlifting bar across the trapezius at a self-chosen location. The squat was

performed to the parallel position, which was achieved when the greater trochanter of the femur

was lowered to the same level as the knee. The subject then lifted the weight until his knees were

extended.

Vertical jump
Vertical jump height was measured via a Vertec vertical jump tester (Sports Imports, Hilliard,

OH, USA) to give an indication of explosive muscular power [30]. Each subject performed three

trials with one minute of rest in between each jump and the highest jump height was used in the

data analysis. The following procedure was used for each subject during data collection. The

Vertec was adjusted to match the height of the individual subject by having them stand with their

dominant side to the base of the testing device. Their dominant hand was raised and the Vertec

was adjusted so that their hand was the appropriate distance away from the marker based on

markings on the device itself. At that point, subjects performed a countermovement jump. Arm

swings were allowed but no preparatory step was performed.

Blood collection and analyses
The subjects were asked to fast for 10 hours before the study. After the first resistance exer-

cise session, blood samples were drawn from an antecubital forearm vein using a 20-gauge nee-

dle and Vacutainers to determine serum testosterone and cortisol concentration. For each subject

blood samples were obtained, before and after 8 weeks of supplementation (immediately after the

first and the last resistance exercise sessions), in the early morning hours and after a 10-h over -

night fast in order to minimize the effects of diurnal hormonal variations. The blood was processed

and centrifuged, and the resultant serum was stored at −80°C until analyzed. Serum total testos-

terone and cortisol were determined in duplicate by using standard RIA procedures and were

assayed via ELISA kits obtained from Diagnostic Systems Laboratories (Webster, TX. OH).

Supplement schedule
The whey protein supplement (ultimate nutrition, Farmington Inc, CT, USA) and placebo (the

placebo content of the supplement consisted of starch) was in powder form and provided in indi-

vidual packets. The only permitted supplement was pure whey protein powder containing no

additional ingredients. Daily whey protein supplementation was 1.8g/kg/day parceled into three

equal dosages to be consumed with each major meal. The contents of each packet were mixed

with 500 ml of water. Subjects consumed one drink every morning, the second daily drink fol-

lowing their exercise session and the third daily drink in the evening. On non-training days, the

WP and PL groups ingested 1 dose of the WP or PL supplement in the morning and once again

in the evening. The subjects consumed the supplements for 8-week.

Statistical analyses
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS)

for Windows software (version 16.0; SPSS Inc.). Descriptive statistics were calculated as the

mean and standard deviations (Mean ± SD). Changes from baseline were assessed using the

paired sample t–test. In addition, PRE – POST comparisons between groups in performance

measures were analyzed with independent student’s t-tests. The level of significance for this

investigation was set at P<0.05.

Results

Performance
Significant increases in strength from PRE occurred for both WP and PL in the 1-RM squat

and 1-RM bench press (see Table 2). However, strength comparisons showed that subjects in
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WP had significantly greater improvement in 1-RM squat and 1-RM bench press strength  com-

pared to the PL group. 

The mean changes in explosive muscular power performance in WP and PL groups are

shown in Table 2. Significant increases in power from PRE occurred for both WP and PL in the

vertical jump. However, power comparisons showed that subjects in WP had significantly greater

improvement in explosive muscular power performance compared to the PL group. 

Hormonal adaptations
A significant increase in blood testosterone from PRE occurred for both WP and PL groups

(see Table 2). However, blood testosterone comparisons showed that subjects in WP had sig-

nificantly greater increase in blood testosterone compared to the PL group. 

A significant decrease in blood cortisol from PRE occurred for both WP and PL groups (see

Table 2). However, blood cortisol comparisons showed that subjects in WP had significantly

greater decrease in blood cortisol compared to PL group. 

In between groups, a significant difference was observed in entire six factors at post-test aver-

ages, but not in pre-tests.

Body weight
8 weeks of whey protein supplementation resulted in a significant body weight increase from

PRE in both WP and PL groups. However, body weight comparisons showed that subjects in WP

had a significantly greater increase in weight (see Table 2).

Discussion
Resistance training has been shown to increase strength and body weight [31,32]. Resistance

training alone stimulates muscle protein metabolism, which can lead to muscle growth and

strength increase [9,33,34]. To stimulate muscle protein synthesis, however, amino acid avail-

ability is important, especially in the first few hours after exercise [35]. Protein supplementation
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increases muscle protein synthesis without a corresponding increase in protein breakdown,

which results in a net positive protein balance, thus allowing for maximal recovery, hypertrophy,

and strength gains [35]. “Fast” proteins, such as whey, are characterized by the rapid appear-

ance of their amino acid constituents in the blood and have been shown to elicit strength gains

and improve muscle protein balance [34]. The results of this study demonstrated that even

though both groups demonstrated significant strength increases over time, the whey protein sup-

plemented (WP) group showed greater improvements in strength when compared to the place-

bo (PL) group. These findings were similar to the study by Bird et al. [36]. This may be attributed

to a higher average weekly training volume and intensity seen during the 8-week study for the

squat and bench press exercise in WP compared to PL. Interestingly, Kraemer et al. [37] report-

ed no differences in the training volume or intensity in experienced resistance-trained men dur-

ing several days of protein supplementation. However, they suggested that supplementation for

a longer period of time may have resulted in more favorable outcomes. It is thought that protein

supplementation can stimulate muscle protein synthesis to counteract the deleterious effects of

muscle degradation seen after bouts of resistance exercise [34]. If protein degradation is re -

duced with a concomitant increase in protein accretion, the resulting effect would generate 

a greater stimulus for muscle growth and enhanced recovery, potentially resulting in greater

strength gains [10,11]. Still, some investigators have shown augmented strength gains from pro-

tein supplementation, for example, Coburn et al. [31] randomly assigned adult male subjects to

a supplement (20 g whey protein, 6.2 g leucine), carbohydrate placebo (26.2 g maltodextrin), or

control group for 8 weeks of unilateral (nondominant limb) leg extension resistance training.

Even though the supplement contained similar quantities of whey protein and leucine as the cur-

rent study, the protein supplemented subjects demonstrated a 30% increase in strength in the

trained limb which was significantly higher than the strength increase (22%) achieved by the car-

bohydrate placebo group. No strength changes were observed in the control group. Similarly,

Willoughby et al. [32] compared the effects of a 10 week resistance training program combined

with 20 g protein (14 g whey and casein protein, 6 g free (essential and non-essential) amino

acids) or 20 g dextrose placebo ingested 1hr before and after exercise on muscular strength in

untrained males. Others have reported no effect [38,39].

The vertical jump test is a simple and reliable test that can provide useful information about

explosive muscular power and performance characteristics of athletes [30]. Significant changes

were seen during the 8-week resistance training program in any of the power performance meas-

ures for either group. Although WP has been shown to significantly enhance power performance,

these findings were similar to the study by Andersen et al. [40] and the study by Buckley et al.

[41]. Other studies have shown no significant differences between subjects consuming a protein

supplement compared to a placebo [42]. However, neither of those studies used experienced

strength/power athletes. It is likely that the lack of specificity between the training program and

exercises used to assess power performance in this study was the primary factor that negated

any potential effects of the supplement on power assessments.

8 weeks of whey protein supplementation resulted in a significant increase in body weight.

However, body weight comparisons showed that subjects in WP had significantly greater in crease

weight. These findings were similar to the some other studies [18,19,20,21,22,23], although

a number of resistance training studies [43] involving supplementation have reported no signifi-

cant changes in body weight during a 12-week protein supplementation period in experienced

resistance trained athletes. Although some studies have demonstrated that protein supplemen-

tation in previously untrained adults performing resistance exercise does not provide any bene-

fit in regard to increases in lean body mass [5,6].

Blood concentrations of testosterone stimulate muscle protein accretion [44]. Testosterone

also increases protein synthesis by binding to the androgen receptor for the complex to become

a transcription factor and thirdly by possibly activating muscle satellite cells, which is important

because gene transcription is an initial target for the modulation of protein synthesis [45,46].
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Resistance training is associated with significant elevations in anabolic hormones such as

testosterone [47]. The results of this study demonstrated a significant increase in blood testos-

terone from PRE in both WP and PL groups. However, blood testosterone comparisons showed

that subjects in WP had a significantly greater increase in blood testosterone compared to the

PL group. These findings were similar to the study by Kraemer et al. [36] who reported that

untrained men are able to develop an exercise-induced increase in testosterone. Thus increas-

es in anabolic hormones such as testosterone help to enhance protein synthesis in skeletal mus-

cle and to promote muscle growth [48].

Cortisol is an adreno-cortical steroid hormone released into the body from the adrenal cortex

in response to stressful physical or psychological stimuli [49]. Resistance training may also have

led to an overall reduction [44,50] or similar [24,51] cortisol responses to exercise loading in

men. Although the results of this study demonstrated a significant decrease in blood cortisol after

supplementation. This improved hormonal response may help to reduce the significant decrease

in muscle glycogen that occurs during exercise, and result in an enhanced anabolic environment

where muscular adaptations and recovery can occur. Furthermore, protein supplementation in -

creases the availability of amino acids which may result in an increased uptake of amino acids

by the muscle. Increased uptake of amino acids by the muscle enhances net muscle protein bal-

ance and improves the anabolic environment [52].

Comparison of our results with other studies is difficult because the magnitude of exercise

induced loss in maximal strength or muscle power has not been reported systematically. Also,

for most healthy people, a high-protein diet generally is not harmful if followed for a short time,

such as three to four months. However, the risks of using a high-protein diet for a long time are

still being studied. Several health problems may result if a high-protein diet is followed for an

extended period, such as a metabolic disease, a cardiovascular disease, renal dysfunction, bone

disorders and a liver disease [53]. 

Conclusion
In conclusion, the results of this investigation suggested that 8-week resistance training com-

bined with the timed ingestion of whey protein supplementation increase explosive muscular

power, body weight and muscle strength (upper and lower body strength) in novice weight train -

ed men. Additionally, the strategic consumption of a daily whey protein supplementation (1.8

g/kg/day) parceled into three equal dosages represents a simple but effective strategy that

enhances performance during resistance training. 

Acknowledgements
The authors like to thank Mr. Hasan Faraji for contribution in the conduct of these studies and

would like to thank all the Guilan University students who assisted in the collection of this data
and the subjects who gave us their time.

References
1. American College of Sports Medicine. Position stand on the appropriate intervention for weight loss and preven-

tion of weight regain for adults. J Med Sci Exerc 2001;33(12):2145-2156.

2. Schumacher YO, Schmid A, König D, Berg A. Effects of exercise on soluble transferrin receptor and other vari-

ables of the iron status. Br J Sports Med 2002;36:195-9.

3. Nemet D, Wolach B, Eliakim A. Proteins and amino acid supplementation in sports: are they truly necessary? Isr
Med Assoc J 2005;7:328-32.

4. American Dietetic Association, Dietitians of Canada. American College of Sports Medicine. Nutrition and athletic

performance. J Am Dietetic Association 2000;100:1543-46. 

5. Candow DG, Chilibeck PD, Facci M, Abeysekara S, Zello GA. Protein supplementation before and after resistance

training in older men. Eur J Appl Physiol 2006;97:548-556.

6. Candow DG, Burke NC, Smith-Palmer T, Burke DG. Effect of whey and soy protein supplementation combined with

resistance training in young adults. Int J Sport Nutr Exerc Metab 2006;16:233-244.

H. Arazi, M. Hakimi, K. Hoseini, Whey Protein Supplementation and Hormonal Adaptations

93



7. Lemon PWR, Tarnopolsky MA, MacDougal JD, Atkinson SA. Protein requirements and muscle mass/strength

changes during intensive training in novice bodybuilders. J Appl Physiol 1992;73:767-775. 

8. Phillips S, Shwarcz HP. Evaluation of protein requirements for trained strength athletes. J Appl Physiol 1992;73:

1986-1995. 

9. Tipton KD, Elliot TA, Cree MG, et al. Ingestion of casein and whey proteins result in muscle anabolism after resist-

ance exercise. Med Sci Sport Exerc 2004;36:2073-2081.

10. Kraemer WJ, Ratamess NA, Volek JS, et al. The effects of amino acid supplementation on hormonal responses to

overreaching. Metabolism 2006;55:282-291.

11. Ratamess NA, Kraemer WJ, Volek JS, et al. The effects of amino acid supplementation on muscular performance

during resistance training overreaching. J Strength Cond Res 2003;17:250-258.

12. Williams M. Dietary supplements and sports performance: amino acids. J Int Soc Sport Nutr 2005;2:63-67.

13. Tarnopolsky MA, Atkinson SA, MacDougal JD, Chesley A, Phillips S, Shwarcz HP. Evaluation of protein require-

ments for trained strength athletes. J Appl Physiol 1992;73:1986-1995.

14. American Dietetic Association, Dietitians of Canada and the American College of Sports Medicine. Position stand:

Nutrition and athletic performance. Med Sci Sport Exer 2000; 32, 2130-2145.

15. Bird, S.P., Tarpenning, K.M. and Marino, F.E. Independent and combined effects of liquid carbohydrate/essential

amino acid ingestion on hormonal and muscular adaptations following resistance training in untrained men. Eur 
J Appl Physiol 2006; 97, 225-238. 

16. Volek, J.S., Kraemer, W.J., Bush, J.A., Incledon, T. and Boetes, M. Testosterone and cortisol in relationship to

dietary nutrients and resistance exercise. J Appl Physiol 1997; 82, 49-54. 

17. Kraemer, W.J., Volek, J.S., Bush, J.A., Putukian, M. and Sebastianelli, W.J. Hormonal responses to consecutive

days of heavy resistance exercise with or without nutritional supplementation. J Appl Physiol 1998; 85, 1544-1555.

18. Burke DG, Chilibeck PD, Davidson KS, Candow DG, Farthing J, Smith-Palmer T. The effect of whey protein sup-

plementation with and without creatine monohydrate combined with resistance training on lean tissue mass and

muscle strength. Int J Sport Nutr Exer Metab 2001; 11: 349-64.

19. Cribb PJ, Williams AD, Stathis CG et al. Effects of whey isolate, creatine, and resistance training on muscle hyper-

trophy. Med Sci Sport Exer 2007; 39: 298-307. 

20. Cribb, PJ, Williams AD, Hayes A, Carey MF. The effect of whey isolate on strength, body composition and plasma

glutamine. Int J Sports Nutr Exer Metab 2006; 16: 494-509.  

21. Lands LC, Grey VL, Smountas AA. Effect of supplementation with a cysteine donor on muscular performance. 

J Appl Physiol 1999; 87: 1381-1385.

22. Bouthegourd JJ, Roseau SM, Makarios-Lahham L et al. A preexercise lactalbumin-enriched whey protein meal

preserves lipid oxidation and decreases adiposity in rats. Am J Physiol 2002; 283: E565-E572.

23. Morifuji M, Sakai K, Sanbongi C, Sugiura K. Dietary whey protein downregulates fatty acid synthesis in the liver,

but upregulates it in skeletal muscle of exercise-trained rats. Nutrition 2005; 21: 1052-1058.

24. Ahtiainen JP, Pakarinen A, Alen M, Kraemer WJ, Hakkinen K, Short vs, Long rest period between the sets in hyper-

trophic resistance training: inXuence on muscle strength, size, and hormonal adaptations in trained men. 

J Strength Cond Res 2005; 19:572–582.

25. Hickson RC, Hidaka K, Foster C, Falduto MT, Chatterton RT Jr. Successive time courses of strength development

and steroid hormone responses to heavy-resistance training. J Appl Physiol. 1994; 76:663–670.

26. Kraemer WJ, Ha¨kkinen K, Newton RU et al. Effects of heavy resistance training on hormonal response patterns

in younger vs. older men. J Appl Physiol 1999; 87: 982–992.

27. McCall GE, Byrnes WC, Fleck SJ, Dickinson A, Kraemer WJ. Acute and chronic hormonal responses to resistance

training designed to promote muscle hypertrophy. Can J Appl Physiol 1999; 24:96–107.

28. Mayhew JL, Ball TE, Arnold TE, Bowen JC. Relative muscular endurance as a predictor of bench press strength

in college men and women. J Strength Cond Res 1992; 6: 200-6.

29. Hoffman, J.R. Norms for fitness, performance and health. Champaign, Ill: Human Kinetics.2006. 

30. Canavan, P.K. and Vescovi J.D. Evaluation of power prediction equations: peak vertical jumping power in women.

Med Sci Sport Exer 2004; 36, 1589-1593.

31. Coburn JW, Housh DJ, Housh TJ, Malek MH, Beck TW, Cramer JT et al. Effects of leucine and whey protein sup-

plementation during eight weeks of unilateral resistance training. J Strength Cond Res 2006; 20(2):284-91.

32. Willoughby DS, Stout JR, and Wilborn CD. Effects of resistance training and protein plus amino acid supplemen-

tation on muscle anabolism, mass, and strength. Amino Acids 2007; 32(4):467-77.

33. Borsheim E, Tipton KD, Wolf SE, Wolfe RR. Essential amino acids and muscle protein recovery from resistance

exercise. Am J Physiol Endocrinol Metab 2002;  283(4):E648-657.

34. Tipton KD, Elliott TA, Cree MG, Wolf SE, Sanford AP, Wolfe RR. Ingestion of casein and whey proteins result in

muscle anabolism after resistance exercise. Med Sci Sport Exer 2004; 36(12):2073-81.

35. Tipton KD and Wolfe RR. Exercise-induced changes in protein metabolism. Acta Physiol Scand. 1998; 162(3):377-87.

36. Tipton KD, Ferrando AA, Phillips SM, Doyle D, Wolfe RR. Postexercise net protein synthesis in human muscle from

orally administered amino acids. Am J Physiol 1999; 276(4 Pt 1):E628-34.

37. Kraemer WJ, Volek JS, Bush JA, Putukian M, Sebastianelli WJ. Hormonal responses to consecutive days of heavy

resistance exercise with or without nutritional supplementation. J Appl Physiol 1998;85: 1544-1555.

H. Arazi, M. Hakimi, K. Hoseini, Whey Protein Supplementation and Hormonal Adaptations

94



38. Chromiak JA, Smedley B, Carpenter W, et al. Effect of a 10-week strength training program and recovery drink on

body composition, muscular strength and endurance, and anaerobic power and capacity. Nutrition 2004;20:420- 427.

39. Rankin JW, Goldman LP, Puglisi MJ, Nickols-Richardson SM, Earthman CP, Gwazdauskas FC. Effect of postex-

ercise supplement consumption on adaptations to resistance training. J Am College Nutr 2004;23: 322-330.

40. Andersen LL, Tufekovic G, Zebis MK, et al. The effect of resistance training combined with timed ingestion of pro-

tein on muscle fiber size and muscle strength. Metabolism 2005;54:151-156.

41. Buckley JD, Brinkworth GD, Abbott MJ. Effect of bovine colostrum on anaerobic exercise performance and plas-

ma IGF-I. J Sport Sci 2003;21:577-588.

42. Chromiak JA, Smedley B, Carpenter W, et al. Effect of a 10-week strength training program and recovery drink on

body composition, muscular strength and endurance, and anaerobic power and capacity. Nutrition 2004;20:420- 427.

43. Hoffman, JR, Ratamess NA, Kang J, Falvo MJ, Faigenbaum AD. Effects of protein supplementation on muscular

performance and resting hormonal changes in college football players. J Sport Sci Med 2007;6:85-92.

44. Kraemer WJ, Hatweld DL, Spiring BA, et al. Effects of a multi-nutrient supplement on exercise performance and

hormonal responses to resistance exercise. Eur J Appl Physiol 2007;101:637-646.

45. Herbst KL, Bhasin S. Testosterone action on skeletal muscle. Current Opinion in Clinical Nutr & Metab Care
2004;7:271-277.

46. Olsen LS, Aagaard P, Kadi F, et al. Creatine supplementation augments the increase in satellite cell and myonu-

clei number in human skeletal muscle induced by strength training. J Physiol 2006;573(2):525-534.

47. Kraemer W, Ratamess N. Hormonal responses and adaptations to resistance exercise and training. J Sport Med
2005;35(4):339-61. 

48. Beaven CM, Gill ND, Cook CJ. Salivary testosterone and cortisol responses in professional rugby players after

four resistance exercise protocols. J Strength Cond Res 2008;22(2):426-432.

49. Fleck SJ, Kraemer WJ. Designing resistance training programs. Champaign, IL: Human Kinetics, 2004.

50 Staron RS, Karapondo DL, Kraemer WJ, et al. Skeletal muscle adaptations during early phase of heavy-resistance

training in men and women. J Appl Physiol 1994;76:1247–1255.

51. Ahtiainen JP, Pakarinen A, Alen M, Kraemer WJ, Hakkinen K. Muscle hypertrophy, hormonal adaptations and

strength development during strength training in strength-trained and untrained men. Eur J Appl Physiol
2003;89:555–563.

52. Volek JS. Inflluence of nutrition on responses to resistance training. Med Sci Sport Exer 2004;36(4):689-696.

53. Hoffman JR, Falvo MJ. Protein-which is best? J Sport Sci Med 2004;3:118-130.

H. Arazi, M. Hakimi, K. Hoseini, Whey Protein Supplementation and Hormonal Adaptations

95



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


