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Abstract
Background  The consumption of isolated soy protein (ISP) is well known for its beneficial effect on muscle recovery. 
However, the effect of its combination with maltodextrin, honey, or dates has never been investigated. This study sought 
to determine the best combination of ISP and different types of carbohydrates for muscle fatigue recovery in the exercise-
induced fatigue rat model.
Methods  After 3 days of adaptation, 24 9-week-old Sprague Dawley rats were randomly assigned to four groups: the malto-
dextrin supplementation (control) group, the maltodextrin and ISP (P1) group, the honey and ISP (P2) group, and the dates 
and ISP (P3) group. Each group included six rats for the 1-week experiment. Before the experimental period, baseline values 
of body weight and lactate dehydrogenase (LDH) were recorded for each group. Throughout the study, all rats performed the 
swimming test until exhaustion every 2 days. Following supplementation, LDH levels were measured three times: immedi-
ately after exercise, 3 h later, and 7 days later.
Results  The results showed that the mean LDH of the P2 group was significantly decreased after 3 h (63%) and 7 days (66%) 
of supplementation (p = 0.05) compared with the other groups.
Conclusion  Ingestion of ISP combined with honey after exercise improves muscle recovery in rats.
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Introduction

Training and recovery strategies influence athlete perfor-
mance. The risk of post-exercise muscle fatigue, which 
affects internal physiological conditions, can exist for com-
petition activities and routine training with little time for 
recovery [1, 2]. Oxidative stress, glycogen, lactate, creatine 
kinase (CK), and LDH levels were increased [3, 4].

Resting, massage, and proper nutrition can help reduce 
muscle fatigue [5]. After exercise, nutrition can help muscles 
feel less achy and restore glycogen as a source of energy. 
These dietary requirements can be packaged in useful ways, 
one of which is as a sports gel drink. Carbohydrates and 
proteins are the nutrients that are required in this condition. 
Glycogen is resynthesized with the help of carbohydrates. 

Because it provides branched-chain amino acids, ISP aids in 
the regeneration of skeletal muscle cells and the restoration 
of glycogen [6].

ISP and carbohydrates may reduce muscle fatigue follow-
ing a high-intensity exercise by maintaining energy levels 
[7]. Dates, honey, and soy protein are examples of natural 
sources that athletes may use as sports gel drink supplements 
[8–12]. To assure the best energy restoration and effects on 
muscle cells, it is necessary to analyze a formula for a sports 
gel drink that combines soy protein with dates or honey. The 
purpose of this study is to evaluate the efficacy of a sports 
drink containing ISP and various types of carbohydrates in 
assisting Sprague–Dawley rats to recover from post-exercise 
muscle fatigue.
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Materials and methods

Materials

Ingredients

The ISP used in this study was purchased from Nat Lab 
Indonesia. This product contains 95% ISP with no added 
sweeteners or flavors. The nutrients and amino acids pre-
sent in the ISP were analyzed by NatLab Indonesia.

Animals and grouping

A 9-week-old male Sprague–Dawley rat weighing between 
185 and 200 g from the Food and Nutrition Laboratory at 
Gadjah Mada University in Yogyakarta, Indonesia, was 
used in this experiment. Rats were fed a standard mouse 
chow diet with a basal diet and water ad libitum. The 24 
rats were acclimatized for 3 days to allow them to adapt 
to the feeding environment and swimming exercise before 
being randomly divided into four equal-sized groups: the 
maltodextrin supplementation (control) group, the malto-
dextrin and ISP (P1) group, the honey and ISP (P2) group, 
and the dates and ISP (P3) group. The administration of 
maltodextrin to the control group was intended to reflect 
the actual post-exercise state of athletes, with maltodex-
trin consumption destined to provide athletes with rapid 
energy after a reduction in blood sugar levels.

We conducted the standard daily operation for 7 days, 
which included a standard diet quota, free drinking, swim-
ming treatment every 2 days, and carbohydrate–protein 
supplementation after swimming treatment.

Methods

Exhaustive swimming test

E a c h  r a t  wa s  i n d i v i d u a l l y  p l a c e d  i n  a 
50 cm × 40 cm × 35 cm swimming pool that was filled with 
water to a depth of 35 cm and maintained under stand-
ard laboratory conditions (25 °C controlled temperature, 
12-h light/dark cycle, and 70% relative humidity). Loss 
of coordination and the inability to return to the surface 
within 10 s were indicators of exhaustion. The rats were 
then removed from the pool, dried with paper towels, and 
placed back in their cages. After each session, the water 
in the pool was replaced.

Supplementation

The control group was given 0.9 g of maltodextrin per 
200 g of body weight. The P1 group was administered 
0.9 g of maltodextrin and 1.29 g of ISP per 200 g of body 
weight. The P2 group was administered 1.04 g of honey 
and 1.29 g of ISP per 200 g of body weight. The P3 group 
was administered 1.15 g of dates and 1.29 g of ISP per 
200 g of body weight. Supplements were given to the rats 
following their exhaustive swimming treatment.

LDH measurement

Following 3 days of acclimatization, we determined the rats' 
baseline characteristics (day 0), including body weight, and 
LDH that were obtained from eye blood samples (orbital 
sinus). After obtaining baseline characteristics, LDH levels 
were measured three times in each rat: immediately after exer-
cise (day 1), 3 h later (day 1), and 7 days later (day 7).

Statistic analysis

The data are presented as means ± standard errors (SEs). After 
conducting normality check, statistical test was performed 
using Statistical Product and Service Solutions (SPSS) to 
determine the difference. The ANOVA test is performed if 
the assumption of normality is met. If this condition is not met, 
the Kruskal–Wallis test is used. p values less than 0,05 were 
considered significant.

Results

In both humans and animals, acute exercise can cause tis-
sue or cellular membrane damage and result in the release of 
cellular contents into the plasma [13, 14]. Some indicators, 
such as LDH, can be used to identify these phenomena. We 
collected blood samples three times during the intervention 
week to track the dynamic changes in LDH activity following 
carbohydrate-protein supplementation via tube feeding.

LDH levels improved in all groups when measured imme-
diately after exercise and supplementation. LDH levels 
decreased significantly 3 h after the intervention in the P1, 
P2, and P3 groups (p < 0.05), with the P2 group experiencing 
the greatest average decrease, which was approximately 63% 
lower than the previous measurement results (p = 0.01). LDH 
activity in the P2 group also decreased significantly below 
baseline levels after a 7-day intervention (Table 1).
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Discussion

Immediately following the swimming exercise and car-
bohydrate–protein supplement interventions, LDH lev-
els increased in every treatment group. This may have 
occurred as a consequence of intensive swimming train-
ing that led to lactic acid accumulation, as the supplement 
has yet to influence lactate conversion into glucose [15].

LDH levels began decreasing 3 h after ingestion. This 
result was consistent with the findings of Tsintzas et al., 
who demonstrated that consuming 175 g carbohydrate dur-
ing the 4 h of recovery from running exercise resulted in 
greater muscle glycogen resynthesis that in turn decrease 
the LDH level than consuming 50 g carbohydrate [15, 16].

On the seventh day, LDH levels in all groups decreased 
significantly, including the control group, which received 
only maltodextrin. This might be caused by a combina-
tion of recovery time and nutrition [17]. Athletes must 
strike a balance between stress (such as training and com-
petition loads) and recovery to continue performing at a 
high level (like sleep and cold water immersion). The ath-
lete's nutrition plan, on the other hand, is one of the most 
important ways to speed up muscle recovery and improve 
performance [18]. Carbohydrate consumption during the 
initial phase of post-exercise recovery is one of the most 
important factors in maximizing recovery time. To aid in 
the synthesis of muscle glycogen, foods with a moderate to 
high glycemic index provide athletes with readily available 
carbohydrates [19, 20]. ISP's content of branched-chain 
amino acids (BCAA) can reduce muscle deterioration and 
accelerate muscle repair [9].

The P2 group, which received honey and ISP, experi-
enced the greatest change in LDH levels. Numerous studies 
have examined the inclusion of honey in sports nutrition 
formulations [21]. Honey assists athletes in maintaining a 
healthy nutritional balance and maximizing their perfor-
mance. In terms of natural sweetness, honey is superior to 
other sweeteners that are typically added to foods and bev-
erages for athletes. In addition, honey is rich in vitamins, 

minerals, and bioactive compounds, which can increase the 
product's value [20, 22].

Conclusion

Carbohydrate consumption and ISP will accelerate muscle 
recovery after exercise in rats. In this study, honey was more 
effective at reducing LDH levels than maltodextrin or dates.
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Table 1   Effect of intervention 
on LDH levels (U/I)

Each value represent means ± SE. n = 6. Δ1 = LDH (3-h) – LDH (0-h). Δ2 = LDH (7-d) – LDH (3-h)

Pre-test: before intervention; 0-h: immediately after intervention; 3-h: 3 h after intervention; 7-d: 7 days 
after intervention. Intervention included swimming exercise and carbohydrate–protein supplementation
a ANOVA test; bKruskal–Wallis test

Control P1 P2 P3 p value

Pre-test 90.06 ± 3.11 90.06 ± 7.11 95.57 ± 3.11 91.44 ± 5.48 0.214a

Post 0-h 277.06 ± 4.06 277.75 ± 5.64 271.57 ± 14.62 279.13 ± 4.26 0.677b

Post 3-h 281.88 ± 3.37 162.25 ± 8.91 100.38 ± 8.11 118.25 ± 6.21  < 0.001a

Post 7-d 235.13 ± 9.25 149.88 ± 9.65 91.44 ± 6.61 110.00 ± 5.00  < 0.001a

Δ1 4.82 ± 1.68 −115.50 ± 4.52 −171.19 ± 18.95 −160.88 ± 3.69  < 0.001b

Δ2 −46.75 ± 7.22 −12.37 ± 3.69 −8.94 ± 4.05 −8.25 ± 2.61 0.002b
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