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Abstract:

Protein is one of the most widely used supplements by athletes. Protein supplementation is used for both the
recovery process and to improve exercise performance. One type of protein that can speed up the recovery
process is branched-chain amino acids (BCAAs). BCAAs are a component that can have an impact on reducing
the risk of muscle injury. BCAAs, along with citrulline and bromelain, can also reduce oxidative stress, which
can cause muscle injury. This study aimed to analyze the effect of a tempeh-based sports drink on lactate
dehydrogenase (LDH) levels of male Wistar rats. This in vivo study on 30 male Wistar rats aged 8-9 weeks
weighing approximately 250 g used a posttest only control group design consisting of two control groups (K (-)
and K (+)) and three treatment groups (P (1), P (2), and P (3)). The control group was given tempeh flour, and
the other groups were given tempeh flour with watermelon and/or pineapple juice. All groups were subjected to
exercise in the form of intense acute swimming for 30-40 minutes. The results showed that the plasma LDH
levels 2 hours after treatment were significantly higher compared with the plasma LDH levels 24 hours after
treatment (p = 0.0001). The difference in plasma LDH levels 2 hours and 24 hours after treatment showed a
significant difference between the control group and the treatment group (p = 0.006). It can be concluded that the
treatment group P (3) showed the most significant reduction in plasma LDH levels compared with the control
group and other treatment groups.
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Introduction

Muscle injury is an inevitable occurrence in sports activities. Muscle injury can occur because of
sudden and/or heavy movements. Muscle injury can be induced by physical exercise that exceeds the body's
capacity, which is termed exercise-induced muscle damage (EIMD) (Owens et al., 2019: Tipton, 2015; Mueller-
Wohlfahrt et al., 2013). There are two causes of muscle injury: direct trauma, such as muscle lacerations, and
indirect trauma, such as strains. More than 90% of sports injuries are caused by strains, whereas muscle
lacerations are rare. Under strain conditions, the myofibrils are exposed to excessive intemal tensile forces. The
severity of strain-related injuries, such as delayed-onset muscle soreness (DOMS), varies. After minor trauma
such as strains, skeletal muscles can regenerate completely and spontaneously, but in severe trauma, the muscle
healing process can occur imperfectly, resulting in the formation of fibrotic tissue, which interferes with muscle
function (Laumonier & Menetrey, 2016). Symptoms that indicate injury or muscle inflammation can include the
swelling of muscle fibers and increased activity of the enzymes lactate dehydrogenase (LDH) and creatine kinase
(CK), and even a decrease muscle strength and range of motion (ROM) of the knee joints (Tartibian et al., 2009;
Meamarbashi, 2017).

To overcome this problem, many athletes use supplements and sports drinks, which can contain protein,
herbs, and other bioactive components, one of which is Nigella sativa. However, based on study results, the
administration of Nigella sativa at doses as high as 1500 and 3000 mg does not provide significantly faster
recovery after EIMD (Riyanto et al., 2016; Raimi et al., 2020). Several other studies have shown that protein
supplementation (whey, casein, soybeans, and eggs) and amino acids can increase protein synthesis, inhibit
proteolysis, and reduce the risk of muscle inflammation and oxidative stress (Hulmi et al., 2010; Tang, 2009;
Nicastro et al., 2012). Chronic branched-chain amino acid (BCAA) supplementation (4 weeks) reduced muscle
damage, enhanced synthesis of muscle protein, and improved recovery from EIMD in 20 well-trained road
cyclists (Shenoy et al., 2017). One potential source of BCAAs is tempeh. A serving of 100 grams of tempeh
provides 96.97 mg of the amino acid lysine, 144.41 mg of isoleucine, and 89.98 mg of valine, all of which are
BCAAs. The high BCAA content in tempeh makes it a promising supplement for the recovery of muscle damage
after strength training (Rahmi et al., 2018; Jauhari et al., 2014).

Along with BCAAs, the amino acid citrulline and the protease enzyme can be used to aid in the
recovery process of muscle injuries. Citrulline is a non-essential amino acid that improves athletic performance,
reduces the risk of muscle soreness, and delays post-exercise muscle fatigue. When the body is exercising,
ammonia levels increase, activate phosphofructokinase, and facilitate lactic acid production. Excessive lactic
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acid interferes with muscle contraction and causes muscle fatigue. Citrulline can detoxify ammonia so that lactic
acid production can be controlled and recycled into energy (gluconeogenesis) through the Cori cycle. Based on
the results of a systematic review and meta-analysis that examined the effect of post-exercise citrulline
supplementation on rating of perceived exertion (RPE), muscle soreness, and blood lactate levels,
supplementation with 8 g of citrulline malate can reduce RPE and muscle soreness at 24 and 48 hours post-
exercise without affecting blood lactic acid levels (Proia et al., 2016; Rhim et al., 2020). Another study indicated
that giving watermelon juice rich in citrulline significantly reduced fatigue and muscle soreness after weight
training (Sirait et al., 2016).

Not only have BCAAs and citrulline been shown to reduce the risk of muscle soreness and delay post-
exercise muscle fatigue, but the enzyme bromelain can also delay fatigue and reduce the risk of muscle soreness.
Bromelain is a sulfhydryl proteolytic enzyme contained in the stems, fruit, and cores of pineapple. Bromelain has
been widely developed as an anti-inflammatory, immunomodulatory, anti-fibrinolytic, and anti-edema agent
(Margaretta et al., 2015: Mameli et al., 2020). As an anti-inflammatory agent, bromelain can modulate the
adhesion of macrophages, T cells, and NK cells and induce cytokine secretion (IL-1p, IL-6, and TNF-) in vitro
(Schulz et al., 2018; Chandanwale et al.., 2017). A two-stage clinical trial administered the systemic enzyme
therapy Wobenzym Plus (containing 67.5-76.5 mg bromelain, 32-48 mg trypsin, and 100 mg rutoside 3 H,O:
Mucos Pharma CmbH & Co. KG, Berlin, Germany) 72 hours before and 72 hours after exercise. This protocol
reduced pressure-induced pain (PIP) and increased anti-inflammatory biomarkers in all participants (Marvin et
al., 2017).

The purpose of proper nutrition during the recovery process after muscle injury is to accelerate the
healing process and reduce the negative impact of decreased physical activity. Therefore, we are interested in
conducting research using sports drinks made from tempeh and food ingredient sources of citrulline and
bromelain, which we produced through trial-and-error development of material formulations. The purpose of this
study was to determine the effect of a tempeh-based sports drink on LDH levels of male Wistar rats.

Material & Methods

This research was conducted using a true experimental method, which was carried out in two stages of
rescarch. The first stage of research used a completely randomized design with one factor: the addition of four
types of tempeh/fruit juice sports drinks. The sports drinks were SPT1 (tempeh sports drink without fruit juice),
SPT2 (tempeh sports drink with watermelon juice), SPT3 (tempeh sports drink with pineapple juice), and SPT4
(tempeh sports drink with watermelon and pineapple juice). The second stage of the study used a post-test-only
control group design consisting of two control groups and three treatment groups. Research using experimental
animals was carried out at the Biology Laboratory, Faculty of Mathematics and Natural Sciences, Semarang
State University.

Sports Drink Development
A tempeh-based sports drink was developed, along with modified sports drinks with the addition of watermelon
juice and/or pineapple juice.

Table 1. Composition of the tempeh-based sports drink.

Ingredients Treatments (n =12)

SPT1 SPT2 SPT3 SPT4
Tempeh flour (g) 51 51 51 51
Maltodextrin (g) 435 435 435 435
Water (mL) 600 - - -
Watermelon Juice (mL) - 600 - 300
Pineapple Juice (mL) - - 600 300

Treatments (n = 12): SPT1, tempeh sports drink without fruit juice; SPT2, tempeh sports drink with watermelon juice; SPT3,

tempeh sports drink with pineapple juice; and SPT4, tempeh sports drink with watermelon and pineapple juice.

The tempeh-based sports drink was developed by mixing tempeh flour and maltodextrin and then
adding 600 mL of liquid (water and/or watermelon juice and/or pineapple juice). The solution was then stirred
until homogeneous and heated over low heat for approximately 10 minutes, then aerated and transferred to a
packaging bottle. The complete composition of the tempeh sports drinks is presented in Table 1.

Use of Experimental Animals

This study used a sample of experimental animals, namely, white rats of the Wistar strain (Ratfus
norvegicus) that met the following criteria: 8-9 weeks of age, male sex, white hair, active appearance, a body
weight of approximately 250 g, and no anatomical abnormalities. The mice that were unable to complete the
exercise protocol were not included in the study sample. The research sample was selected using the simple
random sampling method, and each group consisted of 5 rats so that the total number of rats in the study sample
was 30. Before treatment, the rats were first adapted for 7 days and placed in a clean cage with daily access to
food and drinking water ad libitum.

After the adaptation period, the rats were randomly grouped into five groups consisting of two control
groups (K (+) = placebo and K (-) = given tempeh-only sports drink) and 3 treatment groups (P (1) = given
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tempeh sports drink with watermelon juice, P (2) = given tempeh sports drink with pineapple juice, and P (3) =
given tempeh sports drink with watermelon juice and pineapple juice).

Physical Exercise Protocols

Different physical activity protocols in the experimental animals were carried out during and after the
adaptation period. During the adaptation period (7 days), the rats performed swimming exercises with very light
intensity (10 minutes/day) each morning. After the adaptation period (during the study period), the rats
performed intense acute swimming exercise. Rats were placed in a pool filled with water with a height of
approximately 30 cm and left to swim for 30-40 minutes. The rats were then removed from the pool, and their
fur was dried. Exercise was only performed once during the study period.

Administering the Tempeh-Based Sport Drink

The tempeh sports drink was given to the negative control group (K (-)) and the treatment groups (P
(1), P (2), and P (3)), while the positive control group (K (+)) was given water (placebo) and no tempeh sports
drink. A total of 5 mL of the tempeh sports drink was administered through one hour after the physical exercise.

Blood Sampling Protocol and Analysis of LDH Plasma Levels

Blood was drawn from the tail vein (cena coccygeal) with the rats restrained and without anesthesia
(Kartika et al., 2014). Blood was drawn at a volume of 3 cc from each rat at two time points: 2 hours and 24
hours after administering the tempeh sports drink. The blood was then centrifuged to separate the plasma and
serum. The analysis of plasma LDH levels in rats was carried out at the Pramita Clinical Laboratory in
Semarang.

Data Analysis

All data were analyzed using SPSS 16 for Windows. Physicochemical characteristics of the tempeh
sports drink and plasma LDH level data were analyzed quantitatively using one-way ANOVA analysis with a
95% confidence level. If the results of the analysis were significant, then Duncan’s Multiple Range Test
(DMRT) was performed to determine the real difference between the treatment means. In addition, data on
plasma LDH levels were analyzed using a dependent t-test to determine differences between plasma LDH levels
at 2 hours post-treatment and 24 hours post-treatment.

Ethical Clearance

All research procedures using experimental animals were in accordance with ethical protocols and
obtained approval from the Ethics Commission of Semarang State University with letter number
132/KEPK/EC/2020.

Results
Physicochemical Characteristics of the Tempeh Sports Drink

This study formulated a tempeh-based sports drink combined with watermelon and/or pineapple juice.
The sports drink product formulation analysis showed that there were significant differences in the content of
BCAA, citrulline, protein, and antioxidant activity between formulations. It can be seen that there are differences
in the levels of lysine (p = 0.015), isoleucine (p= 0.0001), and valine (p = 0.0001) between groups. In addition,
there were differences in levels of citrulline (p = 0.0001), protein (p = 0.0001), and antioxidant (p = 0.0001)
activity between groups.

Table 2. Differences in the content of branched-chain amino acids, citrulline, and antioxidants in sports drink
products made from tempeh, which were formulated using various fruit juice compositions.

Parameters
Trcain;zl;ts (o Protein® Citrulline* Lysine* Isoleucine* Valine* ?;t“:.’“.da:
® (mg/100g) (mg/100 ) (mg/100 g) (mg/100 g) e
SPTI 3.87 = 6.09 = 0.038 230142+ 1517.55 = 1546.53 = 222+
0.040° 126.275" 71.672° 76.810° 0.193"
SPT2 4.54 = 14.60 = 0.021°  2192.54 = 48.592° 1527.13 1554.55 = 282+
0.230° 10.991° 9.081° 0.550%
SPT3 423 = 12.24 + 0.046" 2188.30 = 175033 = 1790.12 = 6.06 =
0.057° 150.681° 50.966" 51.105" 0.976°
SPT4 425+ 12.36 = 0.042° 244508 = 60.639° 1577.55 1616.58 = 381 %
0.072° 26.510° 28.490° 0.018°

All values are expressed as means = SD (n = 12).

Tests of differences between means of treatments were conducted by one-way ANOV A, significant at p < 0.05; significance is
denoted by *. Post hoc tests used Duncan’s Multiple Range Test (DMRT), with significant differences between treatments
denoted by superscript letters (a, b, ¢). Treatments (n = 12): SPT1, tempeh sports drink without fruit juice; SPT2, tempeh
sports drink with watermelon juice; SPT3, tempeh sports drink with pineapple juice; and SPT4, tempeh sports drink with
watermelon and pineapple juice.
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Based on the results shown in Table 2, protein content in the SPT1 treatment differed significantly from
the other treatments, although SPT 3 and SPT 4 treatments did not show significant differences in protein levels.
On the other hand, the BCAA content of the SPTI treatment did not differ significantly from other treatments,
although the SPT3 and SPT4 treatments showed significant differences in BCAA content. The different
formulations of sports drinks showed different contents of citrulline for each treatment. However, the antioxidant
activity of the sports drinks showed a significant difference when SPT1 was compared with SPT3 and SPT4. The
highest level of citrulline (14.60 £+ 0.021 mg/100 g) was found in the SPT2 sports drink (combination of tempeh
flour with watermelon juice). The highest antioxidant activity level was found in the SPT3 treatment (6.06 +
0.976%).

Plasma LDH Levels in Rats
Based on the results of the study, plasma LDH levels 2 hours post-treatment were significantly higher
compared with plasma LDH levels 24 hours post-treatment (p = 0.0001). The 24-hour post-treatment plasma
LDH levels were lower. The difference in plasma LDH levels 2 hours and 24 hours after treatment were
significantly different between the control group and the treatment group (p = 0.006); the rats given a tempeh-
based sports drink with watermelon juice and pineapple juice (P (3)) showed a significant decrease in plasma
LDH values compared with the control groups (K (+) and K (-)) and the other treatment groups (P (1) and P (2)).
The changes in plasma LDH levels in male Wistar rats can be seen in Table 3.
Table 3. Changes in plasma LDH levels in male Wistar rats.
Plasma LDH level (IU/L)

Treatments 2h 24h AR p-value
K (+) 3355.2+£1229.42 787.0 £241.57 2567.2 = 1288.46°
K(-) 2022.4 = 660.53 1107.2 + 658.52 915.2 = 460.49°
P (1) 33498+ 1711.23 863.2 +443.75 2486.6 = 1970.96° 0.0001*
P (2) 2197.6 + 601.23 805.6 £ 573.91 1392.0 + 669.24"
P (3) 6745.4 £ 2827 .81 1339.0 £ 657.01 5346.4 = 2928.68"

All values are expressed as means = SD (n = 30).

Difference mean test using paired t-test (comparison between means at 2 h and 24 h post-treatment), significant at p <
0.05

Significant showed with notation *

“Difference of means test using one-way ANOVA (comparison among treatments and between control and treatment
groups), significant at p < 0.05 (p=0.006).

Treatments: K (+), positive control group given water (placebo); K (—), negative control group given tempeh-only sports
drink (SPT1); P (1), treatment group given tempeh sports drink (SPT2); P (2), treatment group given tempeh sports drink
(SPT3); and P (3), treatment group given tempeh sports drink (SPT4).

As shown in Table 3, the highest level of plasma LDH 2 hours post-treatment was found in P (3), which
was given a tempeh-based sports drink with pineapple juice and watermelon juice, while the lowest level was
found in K (-). The highest 24-hour post-treatment plasma LDH level was found in group P (3), which was
given a tempeh sports drink with pineapple juice and watermelon juice, while the lowest level was found in
group K (+). The highest decrease (A) plasma LDH level was shown by group P (3), while the lowest decrease
was shown by group K ().

Discussion
Physicochemical Characteristics of Tempeh Sports Drink

Tempeh is a BCAA-rich food, watermelon is a fruit high in citrulline, and pineapple contains
bromelain, which is high in protease enzymes. The results show that the BCAA, citrulline, and antioxidant
activity between sports drink formulations were significantly different. This can be attributed to the high BCAA
levels in tempeh coupled with the high BCAA components in pineapple juice and watermelon juice. This is
supported by research conducted in 2020, which examined the chemical composition of pineapple byproducts.
The results of this study indicated that pineapple byproducts had a total protein content of 0.98 + 0.05% w/w and
a total free amino acid content of 38.5 mg amino acid/100 g (dry basis). The amino acid composition of
pineapple byproducts comprises asparagine, serine, aspartic acid, glutamic acid, glutamine, cysteine, threonine,
tyrosine, and valine (Campos et al., 2020). Another study conducted in 2019 that examined the nutritional
content of watermelon (Citrullus lanatus (Thunb.) Matsum. and Nakai) and egusi melon (Citrullus colocynthis
(L.) Schrad.) showed that both watermelon and egusi contain amino acids, both essential amino acids (lysine,
leucine, isoleucine, cysteine, methionine, phenylalanine, tyrosine, threonine, valine, and histidine) and
nonessential amino acids (arginine, asparagine, glycine, glutamic acid, proline, and serine) (Falade et al., 2019).
Therefore, a combination of the three components above should increase the total BCAA levels in the product.
The highest levels of citrulline (14.60 £ 0.021 mg/100 g) were found in the SPT2 sports drink (combination of
tempeh flour with watermelon juice). This is attributable to the high content of citrulline found in watermelon.
Supported by previous research, watermelon has a higher citrulline content than any other citrulline source.
Seedless yellow watermelon varieties have a higher citrulline content than other varicties. Based on gas
chromatographic (GC-MS) analysis, 1 g of yellow watermelon contains 3.6 mg of citrulline (Rimando &
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Perkins-Veazie, 2005). The addition of watermelon juice to a sports drink formulation made from tempeh flour
can therefore increase the levels of citrulline in the end product. The highest antioxidant levels (6.06 £ 0.976%)
were found in the SPT3 treatment. This is attributable to the phenolic compounds contained in pineapples that
can be used as antioxidants. The phenolic compound content in pineapple fruit, 40.4 mg/100g GAE, is very
beneficial to health (Lobo & Paul. 2017). In addition, pineapple contains vitamin C, which can also act as an
antioxidant. A 100-g serving of pineapple fruit can fulfill 16.2% of the daily vitamin C requirement (Ozkanlar,
2012). Therefore, in the combination of tempeh flour and pineapple juice, the antioxidant content is expected to
be higher than that in the other formulations. The findings above explain why the highest levels of citrulline were
found in the SPT2 sports drink (combination of tempeh flour with watermelon juice) and the highest antioxidant
content was found in the SPT3 treatment (combination of tempeh flour with pineapple juice).

Plasma LDH Levels in Rats

The results of this study also indicated a difference between LDH levels at 2 hours and 24 hours after

administering the tempeh sports drink treatment. Initially, it appears that the LDH levels increased greatly, but |
day after treatment, there was a significant decrease in LDH levels. This is thought to be the result of a
combination of a longer resting and recovery period (more than 24 hours after training) and additional therapy in
the form of a tempeh-based sports drink combined with watermelon and/or pineapple juice. The sports drink
impacted the improvement of plasma LDH levels in experimental animals.
LDH enzyme is a tetrameric enzyme whose four subunits are present in two isoforms: H (in the heart) and M (in
the muscle). LDH is also an intracellular enzyme that is widely distributed in tissues, especially in the heart,
skeletal muscle, kidneys, and liver. LDH is needed to catalyze the change from pyruvic acid to lactic acid. LDH
is released from damaged tissue, such as necrosis or changes in cell permeability. When the oxygen supply
decreases, to meet the needs of ATP, the body converts acrobic metabolism to anaerobic, which is catalyzed by
LDH (Rodwell et al., 2015; Liecberman et al., 2013).

BCAAs cannot be produced by the body and must come from food intake. These amino acids are
metabolized mostly in skeletal muscles. Consuming BCAA-rich foods can stimulate muscle protein synthesis,
prevent muscle protein breakdown, and reduce exercise-induced muscle damage, thereby delaying fatigue. The
bromelain present in pineapples contains protease enzymes, which play a role in reducing exercise-induced
muscle damage and inflammation, enhancing recovery. Meanwhile, consuming foods with citrulline content
plays a role in improving athletes’ performance. Several studies have suggested that citrulline can increase VO,
max, delay muscle melt, and reduce post-workout muscle soreness. A 1-kg serving of watermelon can contain
2.1 mg of the amino acid citrulline (Sanz et al., 2017; Shing et al., 2016; Rizal & Segalita, 2018: Rimando &
Perkins-Veazie, 2005).

This study is in line with previous research that states that watermelon juice has an effect on muscle
fatigue and DOMS after weight training (Proia et al., 2016). Leucine, valine, and isoleucine BCAAs have an
important role because they are responsible for energy metabolism in muscle work. Damage to muscles that
occurs after exercise can speed up the recovery process with the help of BCAAs. BCAA supplementation carried
out in previous studies had the effect of reducing muscle pain attacks and muscle damage that occurred after
exercise (Jauhari et al., 2014: Shimomura et al., 2006). Several studies also stated that bromelain enzyme
supplementation (a protease enzyme derivative from pineapple), combined with other proteolytic enzymes, can
improve muscle function and reduce muscle pain (Miller et al., 2004; Buford et al, 2009: Beck et al., 2007).
Leucine is an amino acid that has anti-proteolytic properties and stimulates the protein synthesis process when
combined with other amino acids (the BCAAs lysine, isoleucine, and valine). With this collaboration, protein
synthesis can be further improved (Kirby et al., 2012). Other studies have also stated that BCAAs and leucine are
both effective supplements in overcoming muscle damage. The intake of leucine can induce the regeneration of
cell membranes damaged by exercise through the endogenous synthesis of HMp and its metabolites, namely
HMG-CoA (Nicastro et al., 2014).

The results of this study contradict research conducted in 2018, which examined the effect of single or

combined BCAA supplementation on DOMS and muscle damage due to resistance training. The study stated
that LDH levels after 24 hours of BCAA supplementation showed a significant increase (p = 0.0001) compared
to baseline LDH levels (265.49 + 71.044 1U/L vs. 324.00 + 73,309 1U/L) (Asjodi et al., 2018).
The content of citrulline in watermelon is a cofactor in the process of forming nitric oxide (NO). NO plays a role
in increasing vasodilation, which can accelerate the entry of nutrients into the blood, thus speeding up the
recovery process. In addition, the excretion of ammonia and lactic acid can be accelerated. It is this accumulation
of lactic acid and ammonia that causes muscle fatigue. With reduced levels of lactic acid and ammonia in the
body, the muscles take longer to reach muscle fatigue. Thus, the effort that can be generated by the muscles
increases, and more repetitions can be accomplished.

Conclusions

Based on the study results, it can be concluded that the highest protein and citrulline content was found
in the tempeh-based sports drink that with watermelon juice (SPT2). Meanwhile, the tempeh-based sports drink
that showed the highest BCAA content and antioxidant activity contained pineapple juice (SPT3). In addition,
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administering a tempeh-based sports drink that contained watermelon juice or pineapple juice significantly
reduced LDH levels in rat plasma at 24 hours post-treatment. Administering the tempeh-based sports drink that
contained watermelon juice and pineapple juice (SPT4) provided the highest and the most significant reduction
in LDH levels when compared with the control group and other treatment groups. In the other words,
administering 600 mL of a tempeh-based sports drink that contained watermelon juice and pineapple juice
(containing 4.25 £ 0.072 g protein, 12.36 + 0.042 mg citrulline, 2445.08 + 60.639 mg lysine, 1577.55 + 26.510
mg isoleucine, 1616.58 + 28.490 mg valine, and 3.81 + 0.018% of antioxidant activity) can reduce LDH levels
as much as 5346.4 + 2928.68 IU/L 24 hours post-treatment.

One limitation of this research is that because this study used a post-test-only control group design, it
does not provide baseline data. However, to improve the quality of the results, researchers recorded post-
treatment data twice: 2 hours and 24 hours after treatment. The study provides details for developing and
implications of administering a tempeh-based sports drink that can be used to improve the metabolic profile of
muscle injury after training. In addition, this study indicates a need to identify the effect of sports drinks on the
metabolic changes of athletes.

This study can be used as the basis for further research on the effects of sports drinks on the post-
workout recovery process. Furthermore, future research can more deeply explore the effects of sports drinks on
other muscle injury indicators to determine proper nutritional treatment for post-training injury management.
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