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Abstract. Study objectives: The purpose of this study was to examine the effect of ingested protein supplemen-
tation on muscle damage and delayed onset muscle soreness followed acute maximal weightlifting exercise.
Method: Twenty-four males were included in this study who between the ages of 19-25 and were performing
the physical activity for an average of 60 minutes 2 days a week. The volunteers were randomly divided into
two groups as the experimental group that takes a protein supplement and control group that doesn't take a
protein supplements. Blood samples were taken from all volunteers before exercise. Followed warming, 3 sets
10 repetitions weightlifting exercise were performed at 80% 90 and 100 of pre-determined maximal weights.
The diets of athletes were determined by an expert dietitian as 1 g/kg per day of all participants by dividing
into three meals. In addition, the experimental group was taken protein supplement also 35 grams of whey
protein (total: 1.5g/kg per day) after the lunch by dissolving in 500 ml water. The blood samples of both groups
were taken at the before, immediately after, 24", 48", and 72" hours after exercise at the same time of the
day and the VAS scores were recorded. Resu/ts: There was no significant difference between experimental and
control groups before and immediately after exercise in terms of CK and Mb values when the group effect is
considered (p>0.05). When, the VAS score were examined independent from the group effect, it was observed
that the values of control group were higher than the experimental group in the 2™, 3%, and 4" comparisons
(p<0.05). Conclusion: Consequently, although 1.5 g/kg protein supplementation did not significantly decrease
the CK and Mb values after weightlifting exercise, it was observed that DOMS was decreased significantly.
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Introduction

Nowadays beneficial effects of exercise and sports
are known by everyone. This situation causes an in-
crease in the number of people who perform exercise
and sports. However, certain problems may occur in
beginners. Most of the people experience a kind of
pain or trouble due to performing an unusual activity.
In the scientific literature, the symptoms of pain and
loss of strength in the following hours and days of new
exercises are usually attributed to the physical damage
or tear of muscle structure and for this reason, they
are called “muscle damage that starts with exercise”
(1). As is known, unusual eccentric exercise induces

muscle damage that is represented by the long-term
loss of muscle function, delayed onset muscle soreness
(DOMS), and increase in muscle proteins such as cre-
atine kinase (Ck) and myoglobin (Mb) (2).

A proper and balanced diet is as important as
training for athletes. However, active individuals use
supplements in order to form muscle, gain strength,
prevent future diseases, and increase performance in
sports (3). The effect of most of the supplements was
not scientifically proven. The main purpose of taking
dietary supplements is to fill the gap in lack of nu-
trition, however, there are other reasons to consume
supplements such as improving certain functions. For
instance, a high-protein diet is required for burned vic-
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tims and athletes who want to maximize their skills
and potentials (4).

A healthy diet is regarded as an inseparable com-
ponent of physical fitness. In addition to health rea-
sons, people believe that a special diet based on the
high intake of a certain nutrient such as protein in-
creases their sports performance (5). It can be observed
that the reason people incline towards the consump-
tion of protein supplements is the belief of increased
effects, increased competitive performance, or de-
creased risk of injury or disease (6).

The consumption of protein supplements among
the people who perform physical exercise increased
significantly (7). Protein supplements are taken for
increasing the muscle mass and supporting the post-
exercise regeneration. The purpose of this study was
to examine the effect of ingested protein supplemen-
tation on muscle damage and DOMS followed acute
maximal weight lifting exercise.

Material and Method

Participants

24 males were included in this study who were
studying at the School of Physical Education and
Sports, between the ages of 19-25 and were perform-
ing the physical activity for an average of 60 minutes
2 days a week. The voluntary participants underwent
a medical examination at the Faculty of Medicine,
Sports Medicine Outpatient Clinic for the fitness to
the exercise. Volunteers who were inconvenient for
heavy exercise were excluded from the study. Indi-
viduals who were using prescribed medication, smok-
ing, drinking alcohol, and using other hazardous sub-
stances, and had chronic diseases were also excluded.
Written consents were taken from athletes by giving
information about the exercise procedure.

Experimental Design

The volunteers were divided randomly into two
groups as the experimental group that takes protein
supplement (15 individuals) and the control group
that does not take protein supplements (9 individu-
als). By determining the weights that volunteers can
lift in the following exercise equipment, 80%, 90%,

and 100% of these weights were recorded (bench
press, butterfly, butterfly reverse, shoulder press, tri-
ceps pushdown, biceps curl, sit-up, reverse sit-up,
squat, leg press, leg extension, leg flexion, adductor,
calf press). Then, the athletes did not perform any ex-
ercise and sports for one week. After a week, 5 ml of
blood samples were taken from the antecubital vein
of all participants at 09:00 am and the VAS scores
were recorded. 10 minutes after taking blood samples,
athletes performed warm-up and stretching exercises
for 15 minutes on a treadmill. Then, the above-men-
tioned exercises were performed with 80%, 90%, and
100% of the maximal with 3x10 repetitions in each
one. Stretching exercises were performed again after
the exercises and blood samples were taken again af-
ter giving a break for 60 minutes. The blood samples
were kept at -80 “C. The diets of athletes were deter-
mined by an expert dietitian as 1 g/kg per day of the
participants by dividing into three meals. The experi-
mental group was taken protein supplement also used
35 grams of whey protein after the lunch by dissolv-
ing in 500 ml water (Optimum Nutrition Gold Stan-
dard Whet Protein). The control group did not take
protein supplements did not receive any supplement

apart from the 1g/kg/day protein diet.

Collecting Blood Samples

The blood samples of both groups were taken at
the before, immediately after, 24®, 48", and 72" hours
after exercise at the same time of the day and the VAS
scores were recorded as in Table 1. The volunteers did
not eat anything apart from their diet and did not
perform any exercise within this period. The blood

Table 1. The recording of blood samples and VAS scores
The times of bloodlettingand VAS CK  Mb  VAS

measurement

Blood samples and VAS score at CKO Mb0 VASO
before exercise

Blood samples and VAS score at CK1 Mbl VAS1
immediately after exercise

Blood samples and VAS score at CK2 Mb2 VAS2
the 24™ hours after exercise

Blood samples and VAS score at CK3 Mb3 VAS3
the 48" hours after exercise

Blood samples and VAS score at CK4 Mb4 VAS4

the 72" hours after exercise
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samples were analyzed in the Biochemistry laboratory
of Erciyes University. Mb was analyzed by 4 ELISA
method and CK was analyzed by 4 enzymatic spectro-
photometric method in Roche Cobas analyzers.

Statistical Analysis

The data were evaluated by using IBM SPSS 22
statistics package. The suitability of the data for nor-
mal distribution was evaluated by the histogram, Q-Q.
graphs, and Shapiro-Wilk test. Variance homogene-
ity was tested with the Levene test. For determina-
tion of the difference between groups and measure-
ment times, Two-way repeated measures ANOVA was
used Mauchly test for Sphericity was used to control
whether the Sphericity hypothesis was provided or not.
In the cases that Sphericity hypothesis was not pro-
vided, one of the Greenhouse-Geisser, Huynh-Feild,
or Lower-Bound fixes was used. The significance level
was taken as p<0.05.

Results

There was no significant difference between the
control and experimental groups after the exercise in
terms of CK and Mb values when the group effect is
considered (p>0.05), (Tables 2, 3). In addition, there
was a significant difference in the comparison of in-
group variables when the CK and Mb variables both
control and experimental groups (p<0.05), (Tables
2, 3).

When the VAS scores were examined, indepen-
dent from the group effect, it was observed that the
values of the experimental group were higher than the
control group in the 2™, 3%, and 4" comparisons. There
was a statistical difference in favor of the experimental
group (p<0.05; Table 4). Moreover, there was a signifi-
cant difference in the comparison of in-group variables
when the VAS scores both the control and experimen-

tal groups (p<0.05), (Table-4).

Discussion

When the literature is examined, it can be ob-
served that there aren’t many studies about the effect of

Table 2. The change of Creatine Kinase (CK) values according

to time and group

The group that The group that P
takes protein does not take a
supplement protein supplement
CKoO 160.62+102.86* 138.80 + 37.58" 0.464
CK1 293.00+172.54 252.20 £ 96.71° 0.472
CK2 489.37+245.48¢ 1826.80 + 292.20  0.099
CK3  1358.62+152.27*%  5372.73 + 960.74*  0.134
CK4  4880.00+£516.45¢ 9728.93 = 1516.82'  0.394

P 0.041 0.031
Ck: creatine kinase, O: 1 hour before the exercise, 1: 1 hour after the
exercise, 2: 24 hours after the exercise, 3: 48 hours after the exercise,
4: 72 hours after the exercise.
*<0.05™ p<0.01; *p<0.001

There isn't a difference between the measurements with the same let-

ters in the same column.

Table 3. The change of Myoglobin (Mb) values according to
time and group

The group that The group that P
takes protein does not take a
supplement protein supplement
Mb0 54.25+19.04° 32.80 + 12.38 0.412
Mb1 69.87+37.11*® 188.20 + 27.50° 0.122
Mb2 168.87+12.14>¢ 101.06 + 32.79¢ 0.188
Mb3 342.25+32.29"¢ 719.26 + 107.80*  0.226
Mb4 631.25+62.18 960.86 + 120.42*  0.397

P 0.044 0.010
Mb: myoglobin, 0: 1 hour before the exercise, 1: 1 hour after the ex-
ercise, 2: 24 hours after the exercise, 3: 48 hours after the exercise, 4:
72 hours after the exercise.
*<0.057 p<0.01; *p<0.001
There isn't a difference between the measurements with the same let-
ters in the same column.

Table 4: The change of VAS values according to time and
group

The group that The group that P
takes protein does not take a
supplement protein supplement
VASO 0.00+0.00 0.00+0.00 -
VAS2 6.4622.53" 3.11£2.14° 0.003
VAS3 8.00+1.88" 4.77+3.19¢ 0.018
VAS4 5.46+2.03¢ 3.44+2.96% 0.059
*» 0.001* 0.001

VAS: visual analog scale score, 0: 1 hour before the exercise, 1: 1 hour
after the exercise, 2: 24 hours after the exercise, 3: 48 hours after the
exercise, 4: 72 hours after the exercise.

There isn't a difference between the measurements with the same let-
ters in the same column.
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protein supplements on muscle damage. Thus, the ob-
tained results from the present study gain more impor-
tance. It is known that muscle damage emerges after
an unusual or heavy exercise (9). It was demonstrated
in several studies that muscle damage occurs within
24-48 hours after the eccentric exercise, peaks at 72
hours, and recovers within 5-7 days (10-12).

Muscle damage emerges as a result of myofibrillar
damage depending on eccentric exercise and causes in-
tracellular edema (10). The most important parameter
of muscle damage is the measurement of CK and Mb
values (13). These values reach a maximum within 24-
48 hours and then start to decrease (14).

In the present study, muscle damage was formed
in volunteers by performing concentric and eccentric
weight exercises. Similar to the studies in the literature,
CK and Mb values increased within 24-48 hours and
peaked at 72 hours. Chen et al. (2019) stated that the
CK which is the marker of muscle damage increased
after the eccentric exercise that was performed by the
athletes in their study (15). An increase was observed
in CK and Mb values after the exercise in similar stud-
ies (16, 17).

In the present study, when the question of
whether protein supplements decrease the muscle
damage is examined, it can be observed that CK and
Mb values were lower in the group that took pro-
tein supplement. This result can be interpreted as; the
muscle damage in the group that took protein sup-
plement was lower. However, the fact that the dif-
ference between the groups was not statistically sig-
nificant weakens our hypothesis. It was observed that
in the conducted studies, 2 g/kg protein was given to
participants after acute exercises in order to decrease
muscle damage (18).

However, participants in our study received 1.5 g/
kg protein. 70% of this was provided with natural nu-
trients and the rest was provided with protein powder.
The control group, on the other hand, received 1g/kg
protein with natural nutrients. It is considered that the
reason why there wasn'’t a statistically significant dif-
ference between the groups is that the amount of given
protein powder was inadequate. The amount of pro-
tein powder was kept low intentionally by considering
the health of athletes. In the study of Coochburn et
al. (2010) reported that milk protein-derived supple-

ments were effective in decreasing the CK increase. It
is asserted that this inhibition and protein procurement
is based on the increase of muscle-protein balance by
increasing the synthesis and classifying the increases in
degradation (19).

One of the most important parameters of muscle
damage is DOMS and it is measured with the VAS
(20). It is widely accepted that DOMS emerges when
an individual is exposed to high successive eccentric
muscle contractions or unusual exercises (21). DOMS
usually continues to increase after the exercise and
peaks within 24-48 hours after the exercise (22).

DOMS was also monitored in our study. In par-
allel to the data in the literature, after reaching the
maximal value within 24-48 hours, DOMS started to
decrease after 72 hours. Parallel to the CK and Mb
values, VAS scores were lower in the group that took
protein supplement. This indicates that muscle pain
was lower in the group that took protein supplements.
Furthermore, VAS scores were statistically lower in the
group that took protein supplements than the control
group at 24" and 48" hours.

Conclusion

Consequently, although taking 1.5 g/kg protein
did not significantly decrease the CK and Mb values
which are muscle damage parameters, a numerical
decrease was observed in the group that took protein
supplement. When the results about the DOMS are
examined, it can be observed that DOMS was de-
creased significantly.

Limitations of the study

The low number of volunteers participating in
the study weakens the strength of the study. Addition-
ally, it is considered that giving 2 g/kg protein to the
volunteers would affect the results more specifically.
Another issue is that muscle damage parameters can
be said that the increased more by performing the iso-
lated eccentric exercise.



198

M. Karaku, S. Akkurt

References

1. Hyldahl RD, Hubal M. Lengthening our perspective:
morphological, cellular, and molecular responses to eccent-
ric exercise. Muscle Nerve 2014; 4: 155-70.

2. Huang MJ, Nosaka K, Wang HS, et al. Damage protective
effects conferred by low-intensity eccentric contractions
on arm, leg and trunk muscles. Eur J Appl Physiol 2019;
119: 1055-64.

3. Bianco A, Mammina C, Paoli A, et al. Protein supplemen-
tation in strength and conditioning adepts: Knowledge,
dietary behavior and practice in Palermo, Italy. ] Int Soc
Sports Nutr 2011; 8: 1-6.

4. Sung Y, Choi J. Protein supplement usage among male
university students: Comparisons between current and
previous users. ] Am Coll Nutr 2018; 37(2): 127-32.

5. Hartmann C, Siegrist M. Benefit belief sabout protein
supplements: A comparative study of users and non-users.
Appetite 2016; 103: 229-35.

6. Heikkinen A, Alaranta A, Helenius I, et al. Dietary supp-
lementation habits and perceptions of supplement use
among elite Finnish athletes. Int ] Sport Nutr Exe 2011;
21:271-79.

7. Harrison RA, Holt D, Pattison DJ, et al. Are those in need
taking dietary supplements? A survey of 21 923 adults. Br J
Nutr 2004; 91(4): 617-23.

8. Lee J. A study on the importance and satisfaction of pro-
tein supplement of college students majoring in physical
education. Indian J Sci Technol 2015; 8: 320-26.

9. Clarkson PM, Sayers SP. Etiology of exercise-indu-
ced muscle damage. ] Appl Physiol 1999; 24: 234-48.

10. Kanda K, Sugama K, Hayashida H, et al. Eccentric exer-
cise-induced delayed-onset muscle soreness and changes
in markers of muscle damage and inflammation. Exerc
Immunol Rev 2013; 19: 72-85.

11. McKune AJ, Semple SJ, Peters-Futre EM. Acute exercise-
induced muscle injury. Biol Sport 2012; 29(1): 3-10.

12. Yanagisawa O, Kurihara T, Okumura K, et al. Effects of
strenuous exercise with eccentric muscle contraction: Phys-
iological and functional aspects of human skeletal muscle.

Magn Reson Med Sci 2010; 9(4):179-86.

13. Hazar S, Erol E, Gékdemir K. Kuvvet antrenmani sonrasi
olu an kas a risinin kas hasaryla ili kisi. Gazi Beden Egiti-
mi ve Spor Bilimleri Dergisi 2006; 3: 49-58.

14. Akkurt S, Sucan S, Gumus A, et al. Comparison of
muscle damage in turkish collegian soccer players after
playing matches on artificial and natural turf fields. Ant-
hropologist 2015; 20: 423-29.

15. Chen TC, Yang TJ, Huang MJ, et al. Damage and the
repeated bout effect of arm, leg, and trunk muscles induced
by eccentric resistance exercises. Scand ] Med Sci Sport
2019; 29(5): 725-35.

16. Rusnak M, Vander MM, Byrd B, et al. Muscle damage,
soreness, and stress during preseason training in collegiate
swimmers. Clin J Sport Med 2019; 1: 1-6.

17.Jo E, Bartosh R, Auslander AT, et al. Post-Exercise reco-
very following 30-day supplementation of trans-resveratrol
and polyphenol-enriched extracts. Sports 2019; 7(10): 226.

18. Jiger R, Kerksick, CM, Campbell BI, et al. International
society of sports nutrition position stand: Protein and exer-
cise. ] Int Soc Sport Nutr 2017; 14: 20.

19. Cockburn E, Stevenson E, Hayes PR, et al. Effect of milk-
based carbohydrate-protein supplement timing on the at-
tenuation of exerciseinduced muscle damage. Appl Physiol
Nutr Metab 2010; 35(3): 270-77.

20. Nakhostin BR, Nasirvand AM, Mahmoodi SH, et al. The
effect of curcumin supplementation on selected markers
of Delayed Onset Muscle Soreness (DOMS). Annal App
Sport Sci 2016;4; 25-31.

21. Clarkson PM, Hubal MJ. Exercise-induced muscle damage
in humans. Am ] Phys Med Rehabil 2002; 81: 52-69.

22.Kim J, Lee J. A review of nutritional intervention on de-
layed onset muscle soreness. ] Exerc Rehabil 2014; 10(6):
349-56.

Correspondence:

Mustafa Karaku

Faculty of Sports Sciences, Erciyes University, Kayseri, Turkey
E-mail: mblackkus@gmail.com



