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INTRODUCTION

Herbal plants have long been used as an alternative natural treatment in
maintaining and restoring the health of the body. The use of medicinal plants is not only
based on local wisdom, but also in line with various scientific studies that prove the
composition of the active compounds in them. One of the main benefits of herbal plants is
their potential to help maintain the function of body organs, including the kidneys. Some of
the plants that are widely used by the community in their daily lives are star fruit leaves
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and red ginger, which have been used for generations as an effort to prevent and treat
various diseases (Putra et al., 2022).

In Indonesia, star fruit is a plant that is commonly found and cultivated in the
environment around the house. Traditionally, star fruit leaves are used to treat various
health disorders such as indigestion, joint pain, swelling of the parotic glands (mumps), and
antipyretics. In addition, star fruit is also used to treat whooping cough, acne,
hypertension, canker sores, and digestive system disorders (Aseptianova & Yuliany, 2020).
The content of active compounds in star fruit leaves such as alkaloids, flavonoids, phenols,
terpenoids, tannins, and saponins that act as natural antioxidants and potentially as
therapeutic agents (Novika et al., 2021).

Red ginger is also an herbal plant that is widely used for traditional medicine,
especially to reduce inflammation and help the health of organs in the body. The content of
active compounds such as gingerol, shogaol, zingerone, phenolics, and flavonoids plays a
role in anti-inflammatory and antioxidant activities that can support organ function
including the kidneys (Duppa et al., 2020). Various recent studies prove that red ginger
ethanol extract has the potential to be nephroprotective, which is able to indicate a
significant decrease in serum creatinine levels in experimental animals, especially at certain
optimal doses, as well as show repair of damaged kidney tissue due to toxic induction
(Anselia et al., 2020). In addition, other experimental studies have also reported that ginger
extract shows therapeutic potential in reducing toxin-induced kidney damage in animal
models (Ali et al., 2024).

Several other studies have proven the effectiveness of both plants. Andriani et al.
(2019) revealed the highest antioxidant in star fruit leaf extract with a radical inhibition
percentage of 89.66%. Meanwhile, Misfadhila et al. (2020) also revealed that star fruit leaf
extract is able to affect calcium solubility in human kidney stones. The combination of
bioactive content from star fruit and red ginger has the potential to provide a synergistic
effect in maintaining organ function, especially the kidneys.

The kidneys as the main organ have an important role in stabilizing fluids,
electrolytes, and the body's detoxification process. Creatinine levels in the blood are the
main benchmark in assessing kidney function. Increased creatinine levels indicate the
presence of kidney filtration dysfunction. Thus, controlling creatinine levels is the main
indicator in efforts to maintain kidney health, especially in conditions of exposure to toxic
substances such as carbon tetrachloride (CCl,) which is known to cause damage to kidney
tissue.

Based on this description, it is necessary to carry out testing efforts to see the effect
of giving a combination of star fruit leaf extract (Averrhoa bilimbi L.) and red ginger rhizome
(Zingiber officinale var. rubrum) on creatinine levels in CCl,-induced mice (Mus musculus).
In addition to contributing to the field of health and the development of herbal therapy, this
research also has educational value as a learning medium. The use of research results in
the form of experiment-based learning media, such as flipbooks, is expected to increase
students' understanding of the concept of kidney physiology, scientific methods, and the
application of biology in real life, especially in excretory system materials.

METHOD

The experiment was carried out at the Biology Education Laboratory of Tadulako
University, Palu, from March to May 2024. The study was conducted by designing a
quantitative approach to post-treatment experiments on 24 mice divided into six treatment
groups and consisting of four replicas of each group.

Before treatment, all mice were acclimatized in the laboratory for seven days. In the
acclimatization phase, the test animals are fed and drunk ad libitum. Post-adaptation, mice
were divided into a control group and a treatment group. The control group was given only
feed and drink without treatment, while the treatment group was induced carbon
tetrachloride (CCl,) for seven days to induce impaired kidney function.

The test materials include star fruit leaf extract and red ginger rhizomes prepared
with 96% ethanol maceration. A total of 800 grams of simplicia were each soaked in 3.75
liters of ethanol for three days, then filtered and evaporated with a rotary evaporator at a
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temperature of S0°C to obtain a concentrated extract. wuluh starfruit leaf extract and red
ginger rhizome are then combined in a 1:1 ratio and made in four concentrations, namely
20%, 40%, 60%, and 80%.

The administration of test materials is carried out orally (gavage). The treatment
groups consisted of four groups receiving the combination of wuluh starfruit leaf and red
ginger rhizome extracts at concentrations of 20%, 40%, 60%, and 80%. In addition, the
study included a normal control group and a negative control group; however, no positive
control group was used. The treatment was given for seven days after CCl, induction. On
the 15th day, the whole mice were sacrificed for blood sampling through the heart vein. The
obtained blood is put into a vacutainer tube and centrifuged at 3000 rpm within 15
minutes until serum is obtained. Serum creatinine levels were then analyzed as an
indicator of kidney function.

Quantitative data from the measurement of blood creatinine levels in mice were
statistically analyzed using the ANOVA test assisted by the SPSS program version 26. If the
results of the analysis indicate a significant difference, a follow-up test is carried out with
the Smallest Real Difference (BNT) test at a significance value of 0.05 to determine the
difference between treatments.

In addition, this research also produces learning media in the form of flipbooks
which are used as a supporting media for biology learning. The media feasibility assessment
is carried out by calculating the percentage score based on the calculation of the eligibility
percentage. The results of the assessment are categorized based on the media eligibility
criteria as presented in Table 1:

Table 1. Learning outcome

No Score Category
1 <21% Very Unworthy
2 21% - 40% Not Eligible

3 41% - 60% Quite Decent

4 61% - 80% Worthy

5 81% - 100% Highly Worth it

RESULTS AND DISCUSSION

Based on the data on the results of the blood creatinine levels of mice presented in
Figure 1, there is a difference in creatinine levels for each treatment group. The normal
control group (KN) which was carried out ad libitum produced a creatinine level of 0.386
mg/dL, this value still meets the normal criteria of mouse creatinine levels, which is 0.2-0.9
mg/dL where this result is in accordance with the range of the report of (Arifin et al., 2018).
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Figure 1. Creatinine Level Test Results
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In the negative control group (K-) induced by carbon tetrachloride (CCl,), there was
an increase in creatinine levels of up to 1,625 mg/dL indicating impaired renal function.
This condition is strengthened by the results of Ramadhan et al. (2021) who reported that
induction of CCl, causes a significant increase in serum creatinine levels as an indicator of
kidney damage due to oxidative stress. Furthermore, recent research by Noroozi et al.
(2025) reinforces these findings by showing that exposure to CCl, triggers the formation of
free radicals in the form of trichloromethyl (CCl;) and trichloromethyl peroxide (CCl;0,),
which cause lipid peroxidation, cell membrane dysfunction, and damage to kidney
structures. This process has a direct impact on the reduction of the kidney's filtration
ability and increased creatinine levels in the blood, thus reflecting the occurrence of
nephrotoxicity due to CCl, exposure.

Gliselda (2021) explained that an increase in plasma creatinine levels by up to two
times indicates a decrease in glomerular filtration rate (LFG) by 50%, which indicates a
significant decrease in kidney function. Therefore, increased creatinine levels in the
negative control group indicated impaired renal function due to CCl, induction.

In the treatment group with a combination of star fruit leaf extract and red ginger
rhizome (P1-P4), there was a gradual decrease in creatinine levels as the concentration of
the extract increased. Creatinine levels in the P1 group (20%) were 1,350 mg/dL, P2 (40%)
was 1,160 mg/dL, P3 (60%) was 0.762 mg/dL, and P4 (80%) was 0.739 mg/dL. These
results revealed that the administration of a combination of extracts was able to reduce
creatinine levels, especially at concentrations of 60% and 80% which are close to normal
values.

The decrease in creatinine levels in the P3 and P4 groups showed that the
combination of star fruit leaf extract and red ginger rhizome had a higher effectiveness at
this concentration. This is suspected because at high concentrations, the content of active
compounds in the extract is more optimal in providing a protective effect on the kidneys.
Bioactive compounds such as flavonoids, saponins, tannins, and polyphenols act as
antioxidants that have the potential to neutralize free radicals while inhibiting lipid
peroxidation processes.

This result is in line with the dose-response principle of plant extracts, where at low
concentrations the biological effects tend to be not optimal because the number of active
compounds interacting with the target is still limited, while increasing concentrations
increases the availability of bioactive compounds so that the effect is more pronounced. In
the DPPH test, this can be seen from the use of the extract concentration series to form the
% inhibition curve and calculate the ICs. Juniyanti et al. (2024) showed that the
determination of antioxidant activity was carried out based on the absorbance of extracts at
several concentrations and analyzed as a relationship of % scavenging (% inhibition) to
concentration to obtain ICs,. These findings are consistent with the report of Mutmainnah
et al. (2024) The higher the concentration of the extract, the greater the percentage of
inhibition produced (decreased absorbance), which indicates an increase in free radicals
that have been successfully inhibited.

Star fruit leaves have been shown to contain major secondary metabolites such as
flavonoids, tannins, saponins, and alkaloids (Serli et al., 2024). These findings are relevant
to the quantitative evidence of the ethanol extraction content of star fruit leaves, namely
total phenolics and total flavonoids and shows very strong antioxidant activity in the DPPH
test (ICso around 21.53 ppm), so it makes sense that these compounds play a role in
suppressing oxidative stress (Ningsih et al., 2024). On the other hand, red ginger is also
rich in antioxidant bioactive compounds; The oleoresin fraction of red ginger is reported to
contain gingerol and shogaol, and the presence of metabolites such as flavonoids/phenols
supports red ginger's ability to neutralize free radicals and help repair tissue damage
(Sembiring et al., 2024).

The antioxidant activity of these two plants works through proton donation and
electron transfer mechanisms that neutralize free radicals, including DPPH radicals.
Antioxidant compounds are also able to increase cell defenses against oxidative stress and
improve kidney cell function. This is emphasized by Andriani et al. (2019) who reported that
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the extraction of star fruit leaves was active as the highest antioxidant using an inhibition
percentage of 89.66%.

Table 2. ANOVA Test Results

s £ Numb £ Average
ource o umber o . .
Variation Squares (SS) df Squared | Calculation Sig.
(MS)
Intergroup 4,168 5 0,833 8,771 0,000
In a Group 1,710 18 0,095
Total 5,877 23

Based on the results of statistical analysis using the ANOVA test (Table 2), the
acquisition of the Fcal > Ftabel value was 5% significant, which showed that the extraction
of star fruit leaves and red ginger rhizomes had a significant effect on the blood creatinine
levels of mice. This result was strengthened by the results of the BNT follow-up test which
indicated a real difference between treatment groups.

Table 3. Smallest Real Difference Test (BNT) of Mouse Creatinine Levels

Kn 0,386 0,458
K- 1,625 1,239*

P1 (20%) 1,350 0,964* 0,275t

P2 (40%) 1,160 0,774* 0,465* 0,190t

P3 (60%) 0,762 0,376t 0,863* 0,588* 0,398t

P4 (80%) 0,739 0,353t 0,886* 0,611* 0,421t 0,023t

In the BNT test (Table 3), the P3 (60%) and P4 (80%) groups showed significant
differences compared to the negative control group, while the differences observed in P1
(20%) and P2 (40%) were not statistically significant. This condition shows that the optimal
concentration of the combination of extracts in lowering creatinine levels is at 60% and 80%
concentrations.

Thus, the conclusion of the study showed that the combination of star fruit leaf
extract (Averrhoa bilimbi L.) and red ginger rhizome (Zingiber officinale var. rubrum)
contained potential nephroprotective agents and was able to reduce blood creatinine levels
in mice after induction of CCl,, especially at concentrations of 60% and 80%.

Table 4. Learning Media Qualification

No Rating Assessment Score Percentage %
1 Content Expert 4,2 84
2 Media members 4,6 92,7
3 Design expert 4,1 82
4 The 20th Student Trials 4,5 89
Quantity 17,4 347,7
Average 4,35 86,92

Based on the feasibility test of flipbook e-module learning media (Table 4), the use of
this media for the learning process is categorized as very feasible. The feasibility evaluation
stage was carried out by three expert validators and the trial was limited to 20 students.

The eligibility percentage of the three experts was 84%, 92.7%, and 82%, while the
results of the test for students showed a percentage of 89%. Based on the eligibility criteria
for learning media proposed by Arikunto (2009), the percentage range of 81-100% is
classified as very feasible. Thus, the flipbook e-module is stated to be very feasible to
implement in the learning process.
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The high value of media feasibility shows that the flipbook e-module is able to
present material in a structured, attractive, and intuitive manner. This module not only
presents text, but also contains visual elements and interactive navigation that have the
potential to increase interest and mastery of excretory material. These findings refer to the
opinion of Kamelia et al. (2022) who stated that flipbook e-modules can increase student
engagement because they present flexible visual, animation, and navigation content.

In addition, the advantage of flipbook e-modules lies in their ability to be accessed
flexibly through digital devices, thus supporting independent learning and technology-based
learning. This media also allows the integration of research-based materials, such as the
results of experiments on the effect of the combination of star fruit leaf extract and red
ginger rhizome on creatinine levels, which supports the understanding of biological
concepts contextually and applicatively.

The results of this study prove that the existence of flipbook e-module media is not
only feasible in appearance and content, but also relevant media to support biology
learning, especially in excretory system material. Arikunto (2009) supports the result that if
a score is above 81%, it can be said to be very feasible. Thus, the learning products
developed in this study can be applied as an innovative alternative as an effort to master
biology material for students.

That way, the flipbook e-module developed in this study is classified as very feasible
to use with a percentage of 86.92%.

CONCLUSION
The findings of the study indicated that the combination of star fruit leaf extract and

red ginger rhizome had an effect on the creatinine level of CCls-induced mice and the most
effective combination of star fruit leaf extract and red ginger rhizome was 80% (P4) with an
average creatinine value of 0.739 mg/dl and flipbook was very feasible to be used as a
learning medium.
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