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Effects of Whey Protein Isolate Mixed with Vitamin D Emulsion Gels 
on Improving Muscle and Performance Recovery in Resistance-Trained Males

Exercise performance, skeletal muscle repair and physical recovery are  
influenced by protein and vitamin D. This study investigated the effects of whey 
protein isolate mixed with vitamin D emulsion gels (WPD-emulsion gels) on body 
composition and performance recovery in resistance-trained males. Various  
formulas of WPD-emulsion gels were developed with an optimal daily dose  
recommended protein content of 28 g from whey protein isolate, 1000 IU of vitamin 
D and three different amounts of rice bran oil and gelatin. A 9-point hedonic scale 
study was conducted to identify the highest rating formula on sensory acceptability 
and the effects on body composition and performance recovery. Eight  
resistance-trained males aged between 20-40 years old who spent at least 70% of 
total exercise time on resistance training for 3-5 days per week were chosen to 
participate. Participants were assigned WPD-emulsion gels consumed 30 min after 
resistance training (4 days/week) for 4 weeks. The study instruments were as follows: 
anthropometric and dietary assessments, the push-up and sit-to-stand test, muscle 
recovery times, perceived recovery status scale and rating of perceived exertion. 
Statistical analysis used one-way ANOVA and Paired t-tests. The results showed 
that the 5% rice bran with 14% gelatin formula received the highest sensory  
acceptability score. Skeletal muscle mass (at week 0: 59.9±3.4 kg, at week 4: 61.4±3.0 
kg) and fat-free mass (at week 0: 63.1±3.6 kg, at week 4: 64.6±3.1 kg) were  
significantly increased from week 0 (p<0.05). In addition, participant’s legs muscle 
mass and exercise recovery were also significantly improved. The study recommends 
that the consumption of WPD-emulsion gels is beneficial to muscles and could  
increase fat-free mass and improve exercise performance recovery.

Introduction

Exercise enhances protein turnover, impacting 
both muscle function and the response to damage by 

increasing rates of muscle protein synthesis (MPS)  
and muscle protein breakdown (Joanisse et al., 2021). 
Immediately following a workout for 1-4 hr, the focus 
shifts to rebuilding muscles. Athletes and individuals 
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engaged in resistance training often utilize protein  
supplements to enhance skeletal muscle gains, improve 
exercise performance and expedite muscle recovery. 
(Wilborn et al., 2013).

The whey fraction of milk is notably rich in  
highly bioavailable protein, specifically containing  
elevated levels of branched-chain amino acids (BCAAs) 
such as leucine, isoleucine and valine essential amino 
acids. Whey protein isolate is regarded as a pure and 
concentrated protein source, with protein concentrations 
exceeding 90% and it is rapidly absorbed by the body. 
Thus, whey protein is the optimal protein form as it 
reaches muscles faster, enhances muscle recovery and 
muscle mass gains and increases the total body protein 
synthesis (Sangwan, & Seth, 2021). The American  
College of Sports Medicine (2015) recommended a  
dietary reference protein intake of 1.2 -1.7 g/kg/day that 
is safe and effective for resistance-trained individuals 
attempting to maintain or increase lean muscle mass. The 
study by Williams et al. (2018), found that consuming 
whey protein isolate containing 28 g of protein in  
conjunction with engaging in high-intensity exercise for 
8 weeks with non-adverse effects while increasing  
fat-free mass and muscle recovery compared with the 
control group, who consumed whey powder. 

Vitamin D is a fat-soluble vitamin, it is important 
for normal skeletal muscle development and in  
optimizing muscle strength and performance. The  
recommended daily vitamin D intake is 1000 IU per day 
to maintain optimal serum 25(OH)D levels. Vitamin D 
deficiency is associated with oxidative stress in skeletal 
muscle, adverse mitochondrial function and skeletal 
muscle atrophy, which causes muscle pain and weakness 
(Gunton & Girgis, 2018; Dzik & Kaczor, 2019). 

Emulsion gels as colloidal soft-solid materials 
have been widely applied to structure food products.  
The bioactive components protection of emulsion gels 
functions such as fat-soluble vitamin can be incorporated 
within the immobilized oil phase and protected by the 
oil-water interface and the gel network (Chen et al., 
2020). Emulsion gels were prepared, liquid like protein 
and vitamin D were stabilized in the emulsion mixture 
by high-speed mixing (Dickinson, 2012). 

The combination of whey protein and vitamin D 
supplements resulted in beneficial increases in muscle 
mass in males undergoing resistance training (Chen  
et al., 2022). However, many trainers have used a  
high dose of whey protein and vitamin D over the  
recommended dose for building muscle, which may not 

be pure and safe. In this study, we prepared an emulsion 
gel containing the recommended dose of whey protein 
isolate and vitamin D that can be used to safely improve 
muscle mass, fat-free mass and performance recovery.

This study aimed to investigate the effects of whey 
protein isolate mixed with vitamin D emulsion gels  
on body composition and performance recovery in  
resistance-trained males.

Materials and methods 

1.	 Ethical approval
	 Ethical approval was obtained from Human Research 
Committee of Valaya Alongkorn Rajabhat University 
under the Royal Patronage, Pathumthani, Thailand. (Rec.
N0 41/2563) The participants received an information 
form about the study and signed an informed consent 
form to show that they agreed to participate in the  
study.
2.	 Preparation of whey protein isolate mixed with 
vitamin D emulsion gels (WPD-emulsion gels)
	 The composition of WPD-emulsion gels was whey 
protein isolate (Matell Intertrade Co., Ltd., Khonkaen, 
Thailand), vitamin D (Now Corporate Offices, United 
States of America), orange juice (Thainamthip Co., Ltd., 
Bangkok, Thailand), sugar (Mitr Phol Sugar Co., Ltd., 
Bangkok, Thailand), gelatin (McGarrett, JR F & B Co., 
Ltd., Bangkok, Thailand), orange flavor (Best Odour Co., 
Ltd., Bangkok, Thailand) and rice bran oil (Thai Edible 
Oil Co., Ltd., Bangkok, Thailand). The 3×3 full factorial 
design was varied with 3 levels of rice bran oil at 5%, 
10%, 15% and gelatin at 12%, 13%, 14% while the 
other ingredients were fixed. The amounts of whey  
protein isolate in each gel was 31 g (28 g of protein) and 
28 mcg (1000 IU of vitamin D3: Cholecalciferol) of 
vitamin D based on previous studies which showed  
the effective daily recommended dose for improving  
lean body mass and exercise performance (Williams  
et al., 2018; Gunton & Girgis, 2018; Dzik & Kaczor, 
2019). 
	 Emulsion gels were prepared as described in  
Dickinson (2012). Briefly, the oil phase was prepared  
by mixing vitamin D and rice bran oil and orange juice 
was used as the water phase. A high-speed blender  
(Em-Smart-4, Sharp, Japan) was used to homogenize the 
water and oil phases at 17200 rpm for 5 min to obtain 
the emulsion forms. Whey protein isolate was  
subsequently added to the emulsion mix by a high-speed 
blender again. The gelling property of the emulsion was 
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induced by heat (50°C) while adding gelatin, sugar and 
orange flavor to homogenization.
3.	 Sensory acceptability
	 The WPD-emulsion gel samples were evaluated on 
their sensory acceptability by 50 untrained participants 
(20-40 years old), who were fitness members of the 
Valaya Alongkorn Rajabhat University under the Royal 
Patronage. This study used a 9-point hedonic scale, 
rating scales of 1–9 (1 = dislike extremely, 9 =like  
extremely) for appearance, taste, color, odor, texture and 
overall acceptance (Society of Sensory Professionals, 
2023). The highest-rated formula was selected to  
investigate the effects of whey protein isolate mixed  
with vitamin D emulsion gels on body composition and 
performance recovery.
4.	 Participants and recruitment for clinical study
	 4.1	 Inclusion criteria
		  Resistance-trained males aged between 20-40 
years old who are members fitness of the Valaya  
Alongkorn Rajabhat University under the Royal  
Patronage were recruited for the study. Participants spent 
at least 70% of total exercise time on resistance training 
for 3-5 days per week. Participants had a normal range 
of body fat percentage (8-20 %) and muscle mass  
percentage (33-39%) (Omron Healthcare, 2020). All 
participants did not use protein products, supplements 
and medication or any hormones that may affect  
muscle mass gain e.g., testosterone, creatine and  
dehydroepiandrosterone (DHEA) etc. 
	 4.2	 Exclusion criteria
		  Participants who had allergies to whey protein, 
metabolic disorders and gastrointestinal dysfunctions 
were not allowed to enroll in the study. Participants also 
did not have a history or present serious clinical problems 
such as liver disease, kidney disease, thyroid disease, or 
infectious diseases. Only eight male participants met  
the inclusion criteria and therefore were selected by 
purposive sampling based on the previous study  
(Sangwanna et al., 2019).
5.	 Clinical study protocol
	 This investigation was a one group pretest-posttest 
control design, participants were a self-control group. 
We determined the effects of WPD-emulsion gels on  
the body composition and performance recovery in  
resistance-trained males for 4 weeks. Week 0 was  
baseline before intervention, participants stabilized  
lifestyle at the initial phase. During weeks 1-4,  
participants were provided with WPD-emulsion gel 1 
bag (100 g) to consume 30 min after resistance training 

for four days per week. Participants were instructed to 
maintain their current dietary intake, exercise activity 
and lifestyle activity for the duration of the study. 
6.	 Measurements of clinical study
	 Participants were measured on the following: dietary 
intakes, body composition, exercise performance and 
exercise recovery at baseline (week 0) and the end of 
study (week 4). The instruments used in the study were:
	 6.1	 Dietary intakes
		  Dietary Assessment used the 24-hr dietary recall 
method (Salvador et al., 2015). Participants recorded 
dietary intakes with interview. Ensure compliance and 
digestive irregularities were assessed by the dietary  
record review when participants returned to receive 
WPD-emulsion gels on day 4 of every week. Total  
energy and macronutrient intakes were assessed by  
INMUCAL- Nutrients version 4 software developed by 
the Institute of Nutrition, Mahidol University (2018).
	 6.2	 Body composition 
		  The body composition including weight, body 
fat, skeletal muscle, fat-free mass and segmental muscle 
mass were evaluated using the bioelectrical impedance 
analysis: BIA (Tanita BC-601 Body Composition  
Analyzer, Tanita Co. Ltd., Japan). The BIA measured the 
electric resistance of electric current passing at different 
speeds through the body. Due to the electrical  
conductivity among various bodily tissues (body fat, 
muscle, fat-free mass), the instrument was able to  
measure the impedance of the estimated body  
composition (Marra et al., 2019). Muscle circumferences 
such as mid-arm circumference and mid-thigh  
circumference were measured with an inelastic tape 
according to Lee et al., (2017).
	 6.3	 Exercise performance 
		  The push-up test was assessed for the upper  
body dynamic strength and endurance according to the 
American College of Sports Medicine (2014) guidelines 
for exercise testing and prescription. The procedure of 
the push-up test started from the lowest face-down  
position and the hands are kept at the width of the  
shoulders. Phase one was arm extension keeping the body 
straight. In the second phase, the body was lowered  
to the down position with an elbow angle of 90°. The 
number of push-ups performed consecutively without 
rest in 60 sec was counted as the score. The number  
of male push-ups was classified into 4 categories:  
excellent (25-36), very good (17-35), good (13-28) and 
fair (10-21). 

Journal of Food Health and Bioenvironmental Science (September - December 2023), 16(3): 39-46

Nuanchankong et al. Effects of Whey Protein Isolate Mixed with Vitamin D Emulsion Gels 
on Improving Muscle and Performance Recovery in Resistance-Trained Males



Remark: Means ± SD in each column followed by the different letters are significantly different at P < 0.05, ns: non-significant

42

		  The sit-to-stand test was assessed for lower  
body strength and endurance which was modified  
from the procedures used by the Department of Physical 
Education, Ministry of Tourism and Sports, Thailand 
(2019). Participants were instructed to stand as quickly 
as possible with their full legs extended on the chair  
while keeping their arms folded across their chests. The 
sit-to-stand test was counted and the maximal number 
of chair stands completed in 60 sec was categorized into 
excellent (48-54), good (41-53), moderated (33-45) and 
fair (25-38).
	 6.4	 Exercise recovery
		  The exercise recovery was evaluated as muscle 
recovery times, a perceived recovery status scale and a 
rating of perceived exertion. Muscle recovery time was 
counted as hr from the time of resistance training day. 
The perceived recovery status was performed following 
the method of Laurent et al. (2011), which used a rating 
of 0 (very poor recovered) to 10 (very well recovered). 
The rating of perceived exertion was used to measure 
the intensity of the exercise. The scale runs from 0 (None 
at all) to 10 (Extremely strong) (Williams, 2017).
7.	 Statistical analysis
	 Statistical analysis using one-way ANOVA for  
different changes in sensory acceptability outcomes and 
Paired t-tests were used to analyze changes in dietary 
intakes, body composition, exercise performance and 
exercise recovery in the study.

Results and discussion 

1.	 Sensory acceptability
	 The sensory acceptability of the WPD-emulsion gels 
formulas is shown in Table 1. The effects of different 
amounts of rice bran oil and gelatin on the appearance 
and color scores were not statistically significantly  
different. Increasing the amount of rice bran oil at 10% 

and 15% showed rice bran oil formulas at a statistically 
significantly decrease regarding the odor scores below 
5% of rice bran oil formula (P-value < 0.05) while  
increasing the amount of gelatin at 13% and 14%  
formulas showed a statistically significantly increase in 
the texture scores compared to the 12% of gelatin  
formula (P-value < 0.05). An increase in the amount  
of rice bran oil in the formulas resulted in a lower  
acceptability of odor scores. This is due to the  
organoleptic properties of rice bran, in which unreactive 
volatile compounds are changed into hydrocarbons,  
aldehydes and ketones, leading to the unpleasant  
odor of rice bran (Gao et al., 2021). As a result, the 
WPD-emulsion gel formulas, that were low in rice bran 
and high in gelatin were scored higher by participants. 
Thus, we selected the 5% rice bran with 14% gelatin 
formula as the highest overall acceptance and taste scores 
for the WPD-emulsion gels study on body composition 
and performance recovery.
2.	 The nutritional information of the WPD-emulsion gels
	 The highest sensory acceptability score of 5% rice 
bran with 14% gelatin formula of WPD-emulsion gels 
was used for the dietary intervention study. A serving 
size of WPD-emulsion gels was 1 bag (100 g). The  
nutritional information of the WPD-emulsion gels is 
shown in Table 2.
3.	 The characteristics of the participants 
	 Eight participants successfully completed all aspects 
of the study, with an average age of 27.6±1.4 (21-34) 
years old. The average weekly training frequency was 
4±0.4 (3-6) days and the repetition and set program of 
trainings were 13.6±1.1 (10-20) and 3.1±0.1 (3.0-4.0), 
respectively. Their exercise activity and lifestyle  
activity were stabled throughout the study. Resistance 
training volume between 6-12 reps for 3-6 sets will help 
the muscle hypertrophy (Schoenfeld & Grgic, 2017). The 
characteristics of the participants at week 0 is shown in 
Table 3.Table 1 The sensory acceptability of the WPD-emulsion gel formulas

Rice bran oil 
(%)

Gelatin
(%)

Appearancens Colorns Odor Taste Texture Overall acceptance

		  12	 5.62±1.68	 6.34±1.34	 6.94±1.58a	 5.32±1 .71c	 4.91±1.88c	 6.11±1.88a

	 5	 13	 5.81±1.62	 6.26±1.28	 6.26±1.48b	 5.79±1.84ac	 5.85±1.71ab	 6.02±2.01a

		  14	 5.96±1.67	 6.34±1.42	 6.19±1.49b	 6.30±1.82a	 6.15±2.00a	 6.38±1.79b

		  12	 5.88±1.81	 6.31±1.32	 5.58±1.49c	 5.10±2.49c	 5.38±2.17bc	 5.48±2.08c

	 10	 13	 6.09±1.65	 6.19±1.60	 5.43±1.65c	 5.36±2.28c	 5.83±1.82ab	 5.74±2.09c

		  14	 5.85±1.71	 6.11±1.56	 5.57±1.49c	 5.49±1.96bc	 5.68±1.85ab	 5.87±1.69c

		  12	 6.23±1.65	 6.34±1.37	 6.11±1.65b	 6.15±1.63ab	 5.96±1.93ab	 6.23±1.63b

	 15	 13	 6.26±1.62	 6.21±1.43	 5.77±1.55c	 6.17±1.71ab	 5.98±1.66ab	 6.28±1.58ab

		  14	 6.30±1.91	 6.26±1.51	 5.49±1.50c	 5.47±1.94bc	 6.11±1.89a	 6.13±1.84ab
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with amounts of protein intake increasing approximately 
23.4±3.1 g derived from WPD-emulsion gels.  
Consistency with no significant differences in protein 
intake amounts from regular diet occurred throughout 
the study (83.4±16.4 at week 0, 90.1± 8.05 at week 4, 
P-value = 0.75). Approximately 20 g of protein isolate 
is appropriate for muscle protein synthesis rates  
during the first few hours of post-resistance training 
(Trommelen et al., 2019). The optimal amount of total 
protein intake of 1.5 g/kg/d is sufficient for maintaining 
and increasing muscle strength while engaging in  
resistance training (Tagawa et al, 2022). Ingestion of 
approximately 20 g protein is adequate to maximize 
post-exercise muscle protein synthesis rates (Van Loon, 
2013). Protein intakes ranging from 1.2-1.7 g/kg/d are 
adequate for nitrogen balance and optimization of fat-free 
mass response to resistance exercise training (McAdam 
et al., 2018). Whey protein contains branch chain amino 
acids (BCAA), which is called fast protein which means 
quick digestion and absorption. It was the rapid transport 
of amino acids to skeletal muscle used in the stimulation 
of muscle protein synthesis and reduction of protein 
breakdown, presumably optimizing the tissue repair, or 
assisting in the resynthesis of glycogen stores when 
enough carbohydrate is not readily available (Vliet et al., 
2018; Jäger et al., 2017). In a short time, whey protein 
supplementation with resistance training for 3 weeks 
contributed to an increase in muscle mass and strength 
in athletes (Sobral et al., 2020). Interestingly, the  
participant’s carbohydrate and protein intakes were 202.4 g 
and 113.9 g respectively at week 4. Consistency with  
a ratio of carbohydrate to protein intakes of 2:1. This 
affects glycogen synthesis, it has been attributed to  
amino acids on insulin releasing which resulted in  
higher circulating insulin concentrations thereby  
increasing muscle glucose uptake refueling, rebuilding 

	 Parameters	 Min-Max	 Mean±SE

	 Age, yr.	 21-34	 27.6±1.4
	 Weight, kg	 60.3-96.2	 77.7±4.4
	 Height, cm	 168.0-185.0	 177.4±2.2
	 Weekly training frequency, day	 3-6	  4±0.4
	 Resistance training time, min	 50-120	 108.8±12.6
	 Repetition	 10.0-20.0	 13.6±1.1
	 Set	 3.0-4.0	  3.1±0.1

Table 2 	Nutritional information of WPD-emulsion gels 1 bag (100 g)

Table 3 	The characteristics of the participants at week 0

Nutritional Information	 Amounts

	 Energy, kcal	 187
	 Carbohydrate, g	 7.5 
	 Sugar, g	 0.5
	 Protein, g	 28
	 Fat, g	 5
	 Sodium, g	 65
	 BCAA, g	 6
	 Vitamin D, IU	 1000

4.	 Dietary intakes
	 The daily energy and macronutrient intakes  
throughout the study were reported by participants based 
on the self-recorded 24-hr dietary recall method (Table 
4). During weeks 1-4, participants received 1 bag (100 
g) of WPD-emulsion gels taken 30 min after resistance 
training for 4 days/weeks. Taking the WPD-emulsion 
gels did not cause digestive discomfort. The average 
WPD-emulsion gels consumption was 84% of the  
intended amount (approximately 23 g protein and 840 
IU vitamin D intake amounts from WPD-emulsion gels). 
The consumption of WPD-emulsion gels may not be 
affected by the total energy and macronutrient intakes. 
Participants had stable dietary intake from regular diet 
throughout the study. No significant change was observed 
in the vitamin D intake from a regular diet (data not 
shown). 
5.	 Effects of WPD-emulsion gels on body composition
	 The body composi t ions af ter  4  weeks of  
WPD-emulsion gels consumption resulted in a  
significantly increased skeletal muscle mass and fat-free 
mass from week 0. (59.9±3.4 kg, 63.1±3.6 kg at week 0 
and 61.4±3.0 kg, 64.6±3.1 kg at week 4, P-value < 0.04 
and P-value < 0.05, respectively). Both right and left leg 
muscles also had significant gain from 11.0±1.0 kg, 
10.9±1.0 kg at week 0 to 11.7±0.8 kg, 11.8±0.9 kg at 
week 4, respectively (P-value < 0.05). The result may be 
due to the augmenting protein intakes. The trend of total 
protein intake of 113.9±8.5 g (1.5±0.1 g/kg/d) at week 4 
was higher than 83.4±16.4 g (1.1±0.2 g/kg/d) at week 0, 
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Table 4 Daily energy and macronutrient intakes throughout the study

Dietary intakes Week 0 Week 4 P-value
	 Min-Max	 Mean±SE	 Min-Max	 Mean±SE

Energy, kcal	 1162.0-2422.3	 1596.9±175.0	 1504.9-2447.2	 1933.4±136.3	 0.17
Carbohydrate, g	 105.0-286.4	 174.6±19.2	 148.8-331.8	 202.4±20.0	 0.10
Total Protein, g	 42.9-181.2	 83.4±16.4	 85.1-149.6	 113.9±8.5	 0.17
	 Source of protein
		  Regular diet	 42.9-181.2	 83.4±16.4	 67.1-126.6	 90.1± 8.05	 0.75
		  WPD-emulsion gels	 -	 -	 17.5 – 28.0	 23.4 ± 3.1
		  Protein, g/kg/d	 0.60-2.50	 1.1±0.2	 1.14-1.92	 1.5±0.1	 0.18
Animal protein, g	 24.0-165.8	 62.6±16.8	 65.7-155.5	 98.6±11.7	 0.10
Vegetable protein, g	 2.4-22.2	 12.2±32.3	 11.8-20.4	 15.2±1.1	 0.29
Fat, g	 36.0-114.8	 62.8±13.9	 40.1-118.8	 78.7±8.4	 0.19

Remark: Means ± SE in each row followed by significantly different at P<0.05
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and recovery of muscles after a strength training workout 
(Margolis et al., 2021). In this study, only lower  
segmental muscle mass increased as leg muscles had 
more muscle fibers than arms and therefore the results 
were more obvious. The other body composition  
parameters are shown in Table 5.
6.	 Effects of WPD-emulsion gels on performance 
recovery
	 Effects of WPD-emulsion gels on push-ups  
significantly increased from week 0 (31.5±4.5 at week 
0 and 38.6±3.3 at week 4, P-value < 0.05). In addition, 
the exercise recovery was significantly improved in  
recovery time, perceived recovery status scale and rating 
of perceived exertion (P-value < 0.05). The performance 
recovery is shown in Table 6. The dose of vitamin D 
intake during weeks 1-4 was 840 IU from WPD-emulsion 
gels, lower than vitamin D 1000 IU recommendation 
(Gunton & Girgis, 2018). However, that made a  
difference in the upper body performance as push-ups 
and recovery status were significantly improved from 
the beginning of this study. Gunton & Girgis (2018) 
reported the effect of a daily vitamin D intake of 800 to 
1000 IU in the elderly and found improvements in balance 
and muscle function. Muscle tissue damage caused by 
exercise results in muscle degeneration by degradation 
of structural proteins, including myofibrils and  
cytoskeletal proteins. Whey protein supplements  
consumed after eccentric exercise for at least 7 days 

Table 5 Differences in Body composition throughout the study

Table 6 Differences in performance recovery throughout the study

Parameters

Parameters

Week 0

Week 0

Week 4

Week 4

P-value

P-value

	 Min-Max	 Mean±SE	 Min-Max	 Mean±SE

	 Min-Max	 Mean±SE	 Min-Max	 Mean±SE

Weight, kg	 60.3-96.2	 77.7±4.4	 61.3-95.6	 78.5±4.2	 0.11
Body fat, % of	 13.3-23.6	 18.6±1.2	 12.7-24.9	 17.5±1.8	 0.40
	 weight
Body fat, kg	 9.7-19.9	 14.5±1.3	 8.0-20.3	 14.0±1.8	 0.60
Skeletal muscle	 46.3-74.9	 59.9±3.4	 50.5-75.1	 61.4±3.0	 <0.04*
	 mass, kg
Fat-free mass, kg	 48.8-79.0	 63.1±3.6	 53.3-79.0	 64.6±3.1	 <0.05*
Segmental muscle mass
	 Right arm, kg 	 2.3-4.1	 3.1±0.2	 2.4-4.1	 3.1±0.2	 0.84
	 Left arm, kg 	 2.2-4.1	 3.0±0.2	 2.3-4.1	 3.0±0.2	 0.88
	 Right leg, kg 	 7.8-16.4	 11.0±1.0	 9.3-16.3	 11.7±0.8	 <0.05*
	 Left leg, kg 	 7.7-15.6	 10.9±1.0	 9.1-16.7	 11.8±0.9	 <0.01*
	 Trunk, kg	 26.3-37.8	 31.8±1.1	 26.6-37.9	 31.6±1.1	 0.44
Muscle circumference
	 Right mid-arm,	 31.0-40.0	 34.4±1.1	 31.0-40.0	 34.9±1.0	 0.09
	 cm
Left mid-arm, cm	 31.0-39.0	 33.6±0.9	 30.3-40.0	 34.2±1.1	 0.39
Right mid-thigh, 	 49.7-65.5	 55.9±1.8	 52.5-65.5	 56.5±1.6	 0.12
	 cm
Left mid-thigh, cm 	 49.6-63.0	 56.0±1.5	 50.0-63.0	 56.3±1.4	 0.26

Remark: Means ± SE in each row followed by significantly different at P<0.05

Exercise performance
	 Sit-to-stand test	 27.0-50.0	 37.8±3.1	 31.0-56.0	 43.6±3.6	 0.16
	 Push-up test	 12.0-51.0	 31.5±4.5	 29.0-55.0	 38.6±3.3	 <0.05*
Exercise recovery
	 Recovery time, 	 1.0-2.5	 2.0±0.2	 1.0-2.5	 1.4±0.2	 <0.02*
	 hr./day
	 Perceived recovery	 3.0-8.0	 6.9±0.4	 6.0-9.0	 7.3±0.4	 <0.003*
	 status scale
	 Rating of perceived	 3.0-8.0	 4.9±0.6	 5.0-9.0	 6.9±0.4	 <0.01*
	 exertion

Remark: Means ± SE in each row followed by significantly different at P<0.05

resulted in increased fibroblast proliferation and faster 
muscle strength recovery after exercise (Kim et al., 2017). 
Vitamin D receptor (VDR) is present in muscle, as is 
CYP27B1, the enzyme that hydroxylates 25(OH)D to its 
active form. Vitamin D increases VDR gene expression, 
which mitigates reactive oxygen species (ROS)  
production, augments antioxidant capacity and prevents 
oxidative stress, a common antagonist in muscle damage, 
improves mitochondrial function and inhibits muscle 
atrophy (Dzik & Kaczor, 2019; Latham et al., 2021).
	 Interestingly, at the end of the study, muscle  
circumferences showed an upward trend in this study. 
Moreover, the rating of perceived exertion of participants 
increased from 4.9±0.6 (strong) to 6.9±0.4 (very strong).

	 Remarkably, we found that the minimum intervention 
period was 4 weeks to promote muscle hypertrophy 
outcomes and performance recovery. The limitation of 
this study was a small sample size. The outcome of this 
study suggested that further research should focus on 
larger sample size. In addition, an assessment of nitrogen 
balance, serum creatinine kinase and serum 25(OH)D 
related muscle synthesis should be conducted.

Conclusion 

WPD-emulsion gels, which contains the optimal 
daily recommended dose of whey protein isolate and 
vitamin D consumption taken 30 min after resistance 
training (4 days/week) for 4 weeks can be used to safely 
improve muscle mass, fat-free mass and performance 
recovery. The study recommends the consumption of 
WPD-emulsion gels to promote muscle and fat-free mass 
and potentially improve exercise performance recovery.
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