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      Background

      
				Muscle performance and antioxidant balance are closely related
				to an athlete achievement. Milk proteins (whey and casein) contain essential and
				non-essential amino acids, which benefit muscle performance through increased
				antioxidant levels. This study was aimed to evaluate the effects of milk protein on
				muscle performance and total antioxidant status (TAS) in soccer athletes.			


       


      Methods

      
				A randomized controlled trial was conducted on 20 males 16- to 18-year-old
				athletes at the Central Java Soccer Club in January 2018. For 28 days, the treatment
				group received 24 g/d of milk protein and the control group received 24 g/d of
				maltodextrin. Muscle performance was measured through a 20-m sprint, shuttle
				run, Illinois run, standing broad jump, sit-ups, push-ups, sit-and-reach test, and one-repetition
				maximum (1RM) leg extension. TAS was analyzed using the 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) method.			


       


      Results

      
				The treatment group had a decreased shuttle run time (-0.16 [0.11] versus
				0.08 [0.14] sec), greater increase in sit-ups (6.80 [2.57] versus 1.10 [2.84] times/60 sec),
				greater increase in push-ups (2.40 [1.78] versus 0.30 [1.77] times/60 sec), and greater
				increase in 1RM leg extension (32.00 [13.78] versus 3.50 [13.75] kg). After adjustments
				for age, energy intake, carbohydrates, and pre-interventional performance, these
				parameters remained significantly improved after the intervention of milk protein.
				The TAS increase was greater in the treatment group than in the control group (0.36
				[0.32] versus -0.12 [0.20] mmol/l) before and after adjustment for age, vitamin C, iron,
				selenium intake, and TAS pre-treatment.			


       


      Conclusions

      
				Milk protein supplementation for 28 days increased muscle
				performance and TAS.			
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				Soccer is one of the most popular sports in the
				world and in Indonesia.¹ It is an endurance sport
				that requires muscle coordination, particularly of the
				lower extremities, through leaping, sprinting, abrupt
				stopping, tackling, and other specific movements;
				therefore, players must have a high athletic
				performance.² Strength, speed, and endurance
				are essential abilities of athletic performance and
				thus affect whether athletes reach the soccer
				championships.³ A study by the Indonesian National
				Soccer Association (PSSI) showed that Indonesian
				soccer athletes' performance decreased after 60 min
				of a game. One of the causes was the reduction of
				muscle performance, as evidenced by a slower sprint
				time. Sprint time is an important part of the game and
				directly contributes to dribbling and scoring goals.4,5


				
				The decrease in muscle performance was also
				caused by muscle fatigue due to decreased muscle
				strength. Increased reactive oxygen species (ROS)
				production can decrease muscle strength and
				simultaneously become an indicator of muscle
				fatigue.⁶ Antioxidant and prooxidant levels are
				important for optimal recovery.⁶ During exercise,
				muscle tissue produces ROS in large quantities,
				resulting in oxidative stress that leads to health
				problems.⁷ ROS overproduction induces damage in all
				cellular macromolecules (such as lipids, proteins, and
				DNA).


				
				Milk proteins contain both whey and casein
				proteins, which are known as functional foods that
				have a direct impact on an athlete’s health. Milk
				proteins provide almost all of the necessary amino
				acids, particularly the essential amino acids (EAAs)
				that can create a positive net protein balance
				to prevent muscle damage and increase muscle
				anabolism. Functional adaptations such as strength
				improvements also occur after consuming EAAs. EAA
				intake can also improve a lower extremity strength.⁸
				Milk protein consumption increased muscle strength,
				as shown in increasing one-repetition maximum
				(1RM) leg press, 1RM squat, and 1RM bench press.⁹⁻¹¹
				Furthermore, milk protein can reduce muscle fatigue.
				Decreased muscle fatigue during resistance training is
				a result of increased muscle buffer capacity after milk
				protein consumption.¹²


				
				Branched-chain amino acids (BCAAs) such as
				valine, leucine, and isoleucine may contribute to the
				mechanism of antioxidant systems. Studies on BCAA
				interventions can modulate the expression of genes
				involved in antioxidant defenses, such as superoxide
				dismutase (SOD) 1 and 2, catalase (CAT), and glutathione
				peroxidase 1 (GPx1) in mice. The amino acid profiles
				of sulfur-containing milk proteins, such as cysteine
				and taurine, may act as sulfhydryl donor groups
				to reduce intracellular glutathione concentrations
				induced during exercise.¹³ This mechanism is generally
				known to increase glutathione concentration caused
				by increased plasma antioxidant capacity to allow
				aerobic metabolism without causing damage due to
				ROS accumulation while maintaining homeostatic
				reduction and oxidation.¹⁴ Furthermore, the
				glutamine content of whey protein may act as an
				immunomodulator through another mechanism, such
				as the l-glutamine-glutathione axis. These results
				suggest that milk protein administration muscle
				affects strength, endurance, and antioxidant status.
				This randomized controlled trial was aimed to analyze
				the effect of milk protein supplementation on muscle
				performance and total antioxidant status (TAS) in
				soccer athletes.						




			 

      
        METHODS

      


			
			 

			
				This randomized controlled trial was performed
				in a soccer club in Central Java during January 2018
				(Figure 1). This study has received approval from the
				Research Ethics Committee of the Faculty of Medicine
				of Universitas Diponegoro (No. 81/EC/FK-RSDK/II/2018).
				Informed consent was obtained from the study
				participants after they received an explanation about
				the intervention.
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							Figure 1.
						
						
						CONSORT trial flow diagram for the study
						
					

				

				 

				

				 

				
					Subjects enrollment
				


				The inclusion criteria were subjects performed
				routine physical exercise at least 5 times/week for 1.5
				hours each time, had a normal body fat percentage
				(<20%), were not taking any antioxidant or multivitamin
				supplements during the intervention, had no injuries,
				and were not undergoing medical treatment. Twenty
				soccer athletes aged 16–18 years old who fulfilled
				the inclusion criteria were randomly assigned using
				simple lottery randomization into the treatment and
				control groups, each of which consisted of 10 subjects.
				During the 28-day intervention, the treatment group
				received 24 g/d of milk protein (Ultimate Nutrition
				Inc., USA) and the control group received 24 g/d of
				maltodextrin (Ultimate Nutrition Inc.) in 300 ml of
				water. The milk protein consists of 24 g protein, 1 g fat,
				40 mg cholesterol, 2 g carbohydrate, 2 g sugars, 100
				mg sodium, 140 mg calcium, and 160 mg potassium.
				The taste of both products was similar and the subjects
				were blinded to group allocation. All subjects were
				allowed to consume any type of foods during the
				intervention period, except supplementations.


				 

				
					Variables measurements
				


				Data on sociodemographic characteristics,
				smoking habits, and 4 days (2 active days and 2 leisure
				days) of 24-hour dietary recall were taken at baseline
				and obtained through interviews using structured
				questionnaires. Physical activity level (PAL) data were
				obtained by self-reporting. Dietary data were analyzed
				using the NutriSurvey program, and the nutritional
				adequacy level was calculated using the Harris
				Benedict formula. The level of adequacy was assessed
				as the amount of intake in a day compared with
				individual needs and was calculated as a percentage.¹⁵
				Anthropometric data on height was measured using
				a stature meter. Weight and percent body fat were
				measured with Tanita® Body Fat Monitor, which is
				within ±5% accuracy of the institutional standard for
				body composition analysis. The PAL and nutritional
				adequacy were assessed during the interventional
				period. All these data were taken by independent
				interviewer.


				
				Muscle performance was measured using the
				Asian Committee for Standardization of Physical
				Fitness Tests, which consists of: a 20-m sprint to
				assess speed, a shuttle run to assess speed and agility,
				Illinois run to assess agility, a standing broad jump to
				assess strength, push-ups to assess power, sit-ups
				to assess endurance, the sit-and-reach test to assess
				flexibility, and a 1RM leg extension to assess power.¹⁶
				The measurement was carried out by the instructors
				from student education and training center (Pusat
				Pendidikan dan Latihan Pelajar/PPLP) before and after
				28 days of interventions. The instructors were blinded
				to group allocation. There was no resistance training
				during the intervention.


				
				Blood samples (5 cc) were taken intravenously by
				a health officer pre- and post-treatment. The blood
				samples were stored in ethylenediaminetetraacetic
				acid tubes to avoid clumping and then centrifuged
				at 3,500 rpm for 15 min to separate the blood
				plasma. The plasma was separated and quickly
				frozen at −80°C. The plasma was stored for
				approximately 7 days for the TAS analysis. TAS was
				assessed based on free radical reduction (ABTSU+
				2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic
				acid) by antioxidants and was read at 600 nm
				absorbance for 3 min in spectrophotometry. ABTSU+
				cations were formed by ABTS interactions with
				ferrylmyoglobin radical species, which were generated
				by metmyoglobin activation with hydrogen peroxide.
				The suppression of ABTSU+ radical cation absorbance
				by plasma antioxidants was compared with that of
				ascorbic acid. The result was expressed in mmol/l-ascorbate
				equation.17,18


				 

				
					Statistical analysis
				


				The mean, standard deviation, minimum, and
				maximum values were described for age, nutritional
				adequacy, PAL, anthropometry, muscle performance,
				and TAS. The Shapiro–Wilk test was used to analyze
				the normality of the variable distributions. Variations
				in muscle performance (20-m sprint, shuttle run, Illinois
				run, push-ups, sit-ups, and 1RM leg extension) and
				TAS pre- and post-intervention was analyzed
				by a paired t-tests, and sit-and-reach was analyzed
				by the Wilcoxon tests. A significant difference was
				determined present when p<0.05. Differences
				between pre- and post-intervention in the mean
				scores of variables representing muscle performance
				(20-m sprint, shuttle run, Illinois run, push-ups, sit-ups,
				and 1RM leg extension), TAS, nutritional adequacy
				(energy, carbohydrate, protein, fat, vitamin A, vitamin
				C, vitamin E, zinc, and iron), PAL, and anthropometry
				in both groups were analyzed by independent t-tests;
				sit-and-reach performance, selenium intake, and age
				were analyzed by Mann–Whitney U tests. A general
				linear model was used to control for the confounding
				variables age, nutritional intake (energy, carbohydrate,
				and selenium), and PAL on muscle performance and
				TAS.									



       

      
        RESULTS

      


			
			 

			
				The subjects’ characteristics, i.e., age, weight,
				height, nutritional status (body mass index/age),
				body fat percentage, and physical activity, are shown
				in Table 1. The nutritional adequacy level of these
				subjects were mostly classified as less <77%. Age
				was controlled in the multivariate analysis. Nutrient
				intake pre- and post-treatment is shown in Table
				2. Both groups showed similar intakes of energy,
				carbohydrates, protein, fat, vitamin A, vitamin C,
				vitamin E, zinc, and iron. However, selenium intake
				was significantly lower in the milk protein group.
				Adequate protein and vitamin A intake was only
				reported in six subjects of the milk protein group.
				These adequate intakes because of the addition of
				24 g protein and 16 mcg vitamin A in the treatment
				group.


				
				 

				
					
						
							Table 1.
						
						
							Subject characteristics
							by study group						
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							Table 2.
						
						
							Nutrient intake pre- and post-interventions
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				Muscle performance indicators pre- and post-intervention by the study group are shown
				in Table 3. Both groups were similar at baseline.
				The milk protein group showed increased muscle
				performance post-treatment compared with the
				baseline values. Muscle performance was improved
				according to improvements in the shuttle run, sit-ups,
				push-ups, and 1RM leg extensions in the milk protein
				group compared with the control group. Overall, the
				scores of muscle performance in the milk protein
				group increased compared with the baseline values;
				however, the scores did not improve for the 20-m
				sprint, Illinois run, sit-and-reach, and standing broad
				jump. Additionally, the TAS in the treatment group
				improved significantly compared with that of the
				control group (Table 3).


				
				 

				
					
						
							Table 3.
						
						
						Muscle performance and TAS pre- and post-treatment
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				A general linear model was used to analyze the
				effect of milk protein on muscle performance after
				adjustment for energy intake, carbohydrate, age, and
				pre-treatment performance. Shuttle run, sit-ups, push-ups,
				and 1RM leg extension still showed an increase
				after adjusting for energy intake, carbohydrate,
				age, and muscle performance pre-treatment. In
				addition, the increase in TAS was higher in the milk
				protein group than in the control group before and
				after adjusting for vitamin C, iron, selenium intake, age,
				and TAS pre-treatment (Table 4). After adjustment
				with energy intake, carbohydrate, age, and pre-treatment
				performance, all of these parameters were
				still significantly increased. TAS improvement was
				higher in the milk protein group than in the control
				group before and after adjusting for vitamin C, iron,
				selenium intake, age, and TAS pre-treatment.									


				
				 

				
					
						
							Table 4.
						
						
							Muscle performance and TAS after adjustment for confounding variables
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        DISCUSSION

      


			
			 

			
				This study shows that consumption of 24 g protein
				milk for 28 days can improve muscle performance, such
				as an increase in 1RM leg extension (power), shuttle
				run (speed and agility), push-ups (power) and sit-ups
				(strength and endurance). A similar improvement
				has been shown in a previous study on 19 basketball
				athletes. The subjects showed increase in their 1RM
				leg press, bench press, vertical jump, standing broad
				jump, and agility after consuming 24 g of milk protein
				for 8 weeks.19,20 Improvements in 1RM bench press and
				1RM squat were also reported in eight healthy subjects
				after consuming 20 g of whey protein for 8 weeks.¹⁰


				
				Milk protein’s content, particularly whey, can
				improve muscle performance by increasing muscle
				mass. The muscle performance enhancement in the
				milk protein group, particularly from whey protein,
				was most likely a result of the larger increase in
				muscle mass. Increased muscle mass also enhances
				muscle strength, particularly in 1RM leg extension
				test, standing broad jump, push-ups, and sit-ups.
				This finding was in line with that of Buckley et al,²¹
				who reported an increase in strength after whey
				protein treatment. Whey can improve performance
				by reducing muscle damage during exercise.
				Other studies have reported that whey protein
				supplementation may increase the peak of isometric
				torque after eccentric sports.²² In addition, Lollo et
				al²³ reported that the consumption of 0.5 g/kg/day
				of whey protein hydrolysate showed serum marker
				reductions of muscle damage in soccer players after
				8 weeks of supplementation.


				
				Muscle performance improvement might be
				caused by the increased phosphorylation of the
				ribosomal protein S6 (rpS6), which is activated
				directly after supplementation. The increased
				phosphorylation occurred with the milk protein
				supplementation containing BCAAs than with the
				placebo.²⁴ The improved muscle performance was
				also supported by mTOR mechanisms that control
				growth in response to nutrients such as amino
				acids, growth factors such as insulin, insulin-like
				growth factor-1 (IGF-1), and cellular energy (ATP).
				The high frequency and duration of exercise with
				the supplementation of milk proteins containing
				BCAAs can increase mTOR activity. The increased
				IGF-1 in the muscle was responsible for the increased
				mTOR activity. Then, the combination of IGF-1 and
				insulin increases mTOR activity to increase protein
				synthesis.²⁴ mTOR activity can also be supported by
				increasing the load during exercise, which activates
				mTOR and protein synthesis. This mechanism can also
				limit the activation of excessive nuclear factor kappalight-chain-enhancers of activated B cells to minimize
				inflammation during exercise.¹³ Therefore, muscle
				performance can be enhanced by the consumption of
				amino acids through phosphorylation by rpS6, mTOR
				activation, and exercise intensity.²⁵


				
				Some confounding variables such as energy, macro
				nutrition, physical activity, nutritional status, and fat
				mass might contribute to improved performance,
				although only energy and carbohydrates were shown
				to be contributors in this study. Fat intake is reserved
				as the source of energy when carbohydrates depleted.
				Protein intake is also very important for providing
				metabolic building blocks for muscles, enzymes, and
				other body tissues. Additional protein is necessary
				for an athlete to maintain a positive protein balance,
				improve recovery, and support muscle growth for a
				better exercise performance. Exercise performance
				is also highly determined by fat mass and nutritional
				status.²⁶


				
				Our study differed from other studies in which
				the intervention was provided for 4 weeks without
				adding resistance training. The subjects only
				performed their regular three-hour workout at the
				PPLP. The lack of additional training was likely one
				cause of the failure to increase the 20-m sprint speed,
				standing broad jump, sit-and-reach test, and Illinois
				run test in the treatment group. Additional training in
				the treatment group might be necessary to produce
				the best performance, which was demonstrated
				in the studies of Naclerio et al,¹⁰ Wilborn et al,¹⁹ and
				Taylor et al,²⁰ who added resistance training during
				supplementation with milk proteins. The results
				showed that there were increases in strength, power,
				and agility indicators. These results were related to
				positive exercise adaptations due to the increased
				daily protein intake of milk protein. Bosse and Dixon²⁷
				conducted a meta-analysis which suggested that
				exercise adaptation could be increased by resistance
				exercises and an increased daily protein intake of up
				to 66.1% more.


				
				The increased TAS in this study could be
				explained by the increase of glutathione in the
				casein protein content. Increased glutathione
				concentrations in the body might improve plasma
				antioxidant status. This mechanism occurs in
				the aerobic metabolism system without causing
				damage due to ROS accumulation while maintaining
				reduction and oxidation homeostatic. Glutathione is
				also useful as a detoxification agent. Thus, plasma
				glutathione concentrations in casein may provide
				greater protection against a variety of environmental
				factors.¹⁴ Another mechanism of increased
				antioxidants by milk proteins occurs through BCAA
				compositions (leucine, valine, and isoleucine).
				Studies show that BCAA administration may increase
				the expression of genes involved in antioxidant
				defenses, such as SOD 1 and 2, CAT, and GPx1. Amino
				acid profiles in sulfur-containing milk proteins, such
				as cysteine and taurine, can function as sulfhydryl
				donor groups to reduce the reduction of intracellular
				glutathione concentrations induced during exercise.
				In addition, the amino acid content of glutamine
				in milk proteins can act as an immunomodulator
				through other mechanisms, such as the l-glutamine-glutathione
				axis.¹³


				
				In addition to a protein intake, multivitamin are
				likely increasing TAS, although this hypothesis was
				not proven. Ascorbic acid is a reducing agent that can
				reduce or neutralize ROS such as hydrogen peroxide.
				Vitamin E in the form of α-tocopherol functions
				as a lipid-soluble antioxidant and as membrane
				protection from lipid radical oxidation produced by
				lipid peroxidation. Moreover, α-tocopherol produces
				an oxidized toxic peroxide, which can be recycled
				into its active reduced form through reduction by
				other antioxidants, such as ascorbic acid, retinol, or
				ubiquinol.²⁸


				
				Changes in fat mass and muscle thickness were
				not measured in this study; thus, this study is limited
				in those areas. Both of those variables can help assess
				muscle performance. Neither group added specific
				exercises such as resistance exercises, which has been
				performed in some previous studies. The treatment
				duration of this study was only 28 days, which may also
				play a role in the lack of improvement in overall muscle
				performance. In addition, the antioxidant contents of
				foods such as flavonoids, carotenoids, isoflavones, and
				other antioxidant sources cannot be controlled. These
				antioxidant sources may have affected on increasing
				the TAS.


				
				In conclusion, milk proteins can improve muscle
				performance and TAS in soccer athletes. Further
				research that assesses interventions which last longer
				than 4 weeks to maximize muscle performance.
				Variable changes in fat mass and muscle thickness
				can be added to help assess changes in muscle
				performance is necessary. Some antioxidant
				biomarkers such as glutathione, SOD, CAT, GPx,
				and other biomarkers should also be assessed to
				understand the specific types of antioxidants in
				soccer athletes.						
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OEBPS/Images/29-2-2872-Table-1.jpg
Variable Milk protein, mean (SD) (N = 10) Placebo, mean (SD) (N = 10)

Age (years), median (min—max) 16 (16-17) 17 (16-18)
Weight (kg) 65.38 (6.96) 68.81 (5.38)
Height (cm) 170.15 (5.62) 171.85 (6.29)
BMI for age (kg/m?) 22/54(1,52) 23.34 (1.95)
Body fat (%) 15.38 (1.77) 15.33 (0.94)
Physical activity (unit) 2.15 (0.15) 2.15 (0.10)

SD=standard deviation; BMI=body mass index
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Milk protein, mean (SD) (N = 10)

Placebo, mean (SD) (N = 10)

Variable
Pre Post Pre Post

Energy (kcal) 1,815 (314) 1,935 (314) 1,832 (260) 1,924 (260)
Carbohydrate (g) 227 (49.1) 230 (49.1) 215 (65.0) 239 (65.0)
Protein (g) 73.2(7.27) 97.2 (7.27) 62.6 (9.78) 78.8 (12.6)
Fat (g) 69.1(17.1) 70.1(17.1) 75.3 (14.0) 81.1(12.2)
Vitamin A (mcg) 502 (210) 518 (210) 645 (222) 534 (274)
Vitamin C (mg) 22.6 (9.80) 27.2 (11.3) 21.5 (6.84) 19.3 (8.27)
Vitamin E (mg) 11.7 (2.47) 11.4 (2.95) 12.7 (1.84) 12.5 (1.91)
Zinc (mg) 7.8 (0.87) 7.5 (1.12) 7.7 (0.72) 7.8 (1.14)
Selenium (mcg) 19.5 (3.33) 17.1(15.9-29.2) 22.2(3.27) 23.1(4.21)
Iron (mg) 7.17 (0.78) 6.79 (1.02) 6.61 (1.00) 6.47 (0.95)

SD=standard deviation
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Variable Milk protein, mean (SE) (N = 10) Placebo, mean (SE) (N = 10) p Adjusted r?
1RM leg extension (kg) 133.47 (5.78) 108.03 (5.78) 0.019 0.653
Sit-ups (times/60 sec) 67.74 (0.82) 62.06 (0.82) 0.001 0.873
Push-ups (times/60 sec) 32.85(0.72) 30.45 (0.72) 0.048 0.934
Shuttle run (sec) 6.06 (0.04) 6.32 (0.04) 0.001 0.965
TAS (mmol/I1) 1.29 (0.10) 0.88 (0.10) 0.023 0.382

TAS=total antioxidant status; SE=standard error; IRM=one-repetition maximum
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Milk protein Placebo
Variable
Mean (SD) p Mean (SD) p
Muscle performance
Pre 3.34(0.22) 3.33(0.29)
<0.001* 0.171%
Speed 20-m sprint (sec) Post 3228(0:23) 3.26 (0.25)
Difference -0.12 (0.06) -0.07 (0.15) 0.286*
Pre 2.20(0.16) 2.33(0.23)
<0.001* 0.161*
Standing broad jump (m) Post 2.42 (0.17) 2.41 (0.20)
Difference 0.22 (0.07) 0.08 (0.14) 0.053*
Strength
Pre 92.00 (23.35) 114.00 (27.16)
<0.001* 0.226*
1RM leg extension (kg) Post 124.00 (23.19) 117.50 (25.52)
Difference 32.00 (13.78) 3.50 (13.75) <0.001*
Pre 6.23 (0.39) 6.23 (0.77)
0.002* 0.142*
Shuttle run (sec) Post 6.07 (0.39) 6.31 (0.66)
y Difference -0.16 (0.11) 0.08 (0.14) 0.001*
Agility
Pre 17.27 (0.75) 16.62 (0.80)
0.016* 0.411*
Illinois run (sec) Post 17.00 (0.84) 16.75 (0.78)
Difference -0.27 (0.29) 0.13 (0.47) 0.741*
Pre 59.90 (7.78) 62.00 (5.18)
<0.001* 0.253*
Endurance Sit up (times/60 sec) Post 66.70 (6.94) 63.10 (4.84)
Difference 6.80 (2.57) 1.10(2.84) 0.016*
Pre 30.40 (9.03) 30.20 (4.54)
0.002* 0.604*
Power Push up (times/60 sec) Post 32.80 (9.4) 30.50 (4.79)
Difference 2.40(1.78) 0.30 (1.77) 0.035¢
Pre 18.80 (6.14) 20.30(9.27)
0.027* 0.226*
Flexibility Sit and reach (cm) Post 20.50 (5.79) 21.60(7.47)
Difference 1.70 (2.06) 1.30(3.16) 0.389°%
Pre 0.93 (0.24) 1.00 (0.20)
0.005* 0.095*
TAS (mmol/l) Post 1.29 (0.29) 0.88 (0.23)
Difference 0.36 (0.32) -0.12 (0.20) 0.001*

SD=standard deviation; TAS=total antioxidant status

*Pre- and post-intervention analysis (paired t-tests); pre- and post-intervention analysis (Wilcoxon tests); fdifferences between pre- and post-
intervention (independent t-tests); Sdifferences between pre- and post-intervention (Mann-Whitney U tests). Significant at p<0.05
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