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ABSTRACT: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder
characterized by insulin resistance, persistent hyperglycemia, and increased oxidative
stress, which together contribute to dyslipidemia and long-term complications. Natural
bioactive compounds and lifestyle modifications are widely explored as complementary
strategies for glycemic control. This study aimed to investigate the effects of Salacca
zalacca (snake fruit) peel extract, moderate-intensity physical activity, and intermittent
fasting on fasting blood glucose, lipid profile, and malondialdehyde (MDA) levels in rats
with induced T2DM. A quasi-experimental pretest-posttest design was used with 25 male
Wistar rats randomly assigned to five groups: negative control, metformin-treated, Salacca
zalacca peel extract, moderate-intensity swimming, and intermittent fasting. Diabetes was
induced using streptozotocin (STZ). Fasting blood glucose, lipid profile, and MDA levels
were measured at predetermined intervals before and after the interventions. Data were
analyzed using the Wilcoxon signed-rank test, with a significance level of p < 0.05. The
results showed significant reductions in fasting blood glucose in several groups,
particularly those receiving swimming and intermittent fasting interventions (p < 0.05). In
contrast, no significant changes were observed in lipid profile parameters, including total
cholesterol, triglycerides, and related fractions (p = 0.05). However, MDA levels showed
notable differences before and after the interventions, indicating a modulation of
oxidative stress. In conclusion, moderate-intensity swimming and intermittent fasting
effectively improved glycemic control and reduced lipid peroxidation in T2DM rats,
whereas their effects on lipid profile were limited. These findings support lifestyle-based
interventions, alongside natural products, as promising complementary approaches in

T2DM management.
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1. INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin resistance and progressive impairment
of pancreatic §-cell function, resulting in persistent hyperglycemia. It accounts for most diabetes cases worldwide and develops
through interactions among genetic susceptibility, metabolic changes, and environmental exposures. Commonly reported risk
factors include older age, family history, ethnicity, excess body weight, physical inactivity, and prediabetes (Chatterjee et al.,
2017; Bellou et al., 2018; Zheng et al., 2017). These factors are relevant to research using diabetic rats because they help frame

the biological processes that experimental models are intended to represent.

Physical inactivity is a modifiable risk factor associated with impaired glucose regulation. Skeletal muscle uses glucose during
contraction, while regular exercise can improve insulin sensitivity and glucose uptake. In people with T2DM, physical activity
is therefore incorporated into comprehensive management alongside diabetes education, nutritional therapy, and medication
when indicated (Colberg et al., 2016; Kanaley et al., 2022; Davies et al., 2022). In experimental research, moderate-intensity
physical activity offers a way to examine how regular muscular activity may influence fasting blood glucose and related metabolic

outcomes.

The global burden of diabetes underscores the need for research into prevention and complementary approaches to metabolic
management. Estimates for 2019 indicated approximately 463 million adults worldwide were living with diabetes, with the
number projected to rise to 700 million by 2045 (Saeedi et al., 2019). These figures refer to diabetes overall, not exclusively
T2DM. The growing burden strengthens the rationale for investigating interventions that could affect glucose regulation and
associated metabolic disturbances, while distinguishing experimental findings from evidence of clinical effectiveness.

Standard T2DM management combines lifestyle measures with pharmacological treatment selected according to clinical needs.
Researchers have also examined dietary patterns and functional food ingredients as possible complementary strategies.
Intermittent fasting, which organizes eating and fasting into defined periods, has been studied for its potential metabolic effects.
However, evidence from human studies and animal experiments should not be treated as interchangeable, and fasting regimens
require careful consideration when diabetes or glucose-lowering medication is involved (Patterson & Sears, 2017; de Cabo &
Mattson, 2019).

The peel of Salacca zalacca, commonly known as salak, has attracted research interest due to its phytochemicals, which have
been reported to have antioxidant activity. Investigations of salak peel extracts have examined their chemical composition and
biological properties, including antioxidant and a-glucosidase-inhibitory activities (Saleh et al., 2018). These findings provide a
rationale for testing the extract in experimental models. However, they do not by themselves establish that the extract lowers
blood glucose or is safe and effective in humans. The effects may depend on the preparation, dose, and composition of the

extract.

The outcomes assessed in the present study represent different aspects of diabetes-associated metabolic disturbances. Fasting
blood glucose reflects glucose regulation, whereas lipid profile parameters, including cholesterol and triglyceride levels, provide
information on dyslipidemia. Malondialdehyde (MDA) is commonly used as a biomarker of lipid peroxidation and oxidative
stress, although its interpretation depends on the assay and biological context (Ito et al., 2019). Research on plant-derived
materials, including the isolation and fractionation of lignin from sugarcane bagasse, has also explored their potential antioxidant
properties (Marbun, 2025). However, antioxidant potential alone does not establish an ability to reduce oxidative stress in
diabetic animal models. Therefore, assessing fasting blood glucose, lipid profiles, and MDA together provides a broader

evaluation of metabolic changes following the interventions.

A study in diabetic rats can investigate the effects of Salacca zalacca peel extract, moderate-intensity physical activity, and
intermittent fasting under controlled experimental conditions. If the study compares these interventions individually and in
combination, it may also help assess whether combined treatment produces a different pattern of outcomes from each
intervention alone. Such results would be specific to the animal model and study protocol; they should not be presented as
proof of benefit in people with T2DM without appropriate clinical research.

Accordingly, this study examines the effects of Salacca zalacca peel extract, moderate-intensity physical activity, and intermittent
fasting on fasting blood glucose, lipid profile, and MDA levels in type 2 diabetic rats. By evaluating glycemic, lipid, and oxidative-
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stress-related outcomes, the research aims to characterize the interventions' effects within the experimental model and

contribute evidence for future investigation of complementary approaches to diabetes management.
2. MATERIALS AND METHODS
2.1 Study Design and Animals

This study employed a quasi-experimental pretest-posttest design to evaluate the effects of metformin treatment, Salacca zalacca
peel extract, moderate-intensity swimming, and intermittent fasting on selected metabolic parameters in rats with diabetes
mellitus. The study involved 25 male Wistar rats weighing 150-200 g, with blood glucose levels >250 mg/dL. The animals wete
divided into five experimental groups, with five rats assigned to each group: (1) negative control, (2) metformin treatment, (3)
Salacca zalacca peel extract treatment, (4) moderate-intensity swimming, and (5) intermittent fasting using a 16/8 protocol. The
pretest-posttest design enabled the evaluation of changes in the measured parameters before and after the assigned

interventions. All interventions were conducted over a three-week experimental period.
2.2 Induction of Type 2 Diabetes Mellitus

Diabetes mellitus was induced in the experimental animals through a single intraperitoneal injection of streptozotocin (STZ) at
a dose of 45 mg/kg body weight. STZ was used to induce hypetglycemia in rats ptior to evaluation of the experimental
interventions. Blood glucose levels were assessed to determine the animals' glycemic status, and rats with blood glucose levels
>250 mg/dL were considered eligible for inclusion in the study. Following the induction procedute, the animals were assigned
to their respective experimental groups according to the study design. The specific solvent and buffer used to prepare the STZ

solution were not documented in the available method description.
2.3 Intervention Protocols

The experimental interventions were administered over a period of three weeks (21 days). The study included four intervention
approaches: metformin treatment, Salacca zalacca peel extract treatment, moderate-intensity swimming, and intermittent
fasting. The negative control group served as the reference group for evaluating the changes observed during the experimental
period. The metformin group received metformin as the pharmacological intervention, whereas the extract group received
Salacca zalacca peel extract. The swimming group underwent moderate-intensity swimming exercise, while the intermittent
fasting group followed a 16/8 protocol, consisting of 16 hours of fasting and an 8-hour feeding window. These intetventions
were evaluated to examine changes in blood glucose levels, lipid profiles, and malondialdehyde (MDA) levels. Specific treatment
doses, extract preparation procedures, swimming duration and frequency, and feeding schedules beyond the stated fasting

protocol were not available in the original method description.
2.4 Analytical Methods

Metabolic parameters were assessed during the experimental period to evaluate changes associated with the assigned
interventions. Blood glucose levels were measured every 3 days throughout the 3-week intervention period to monitor glycemic
changes. These repeated measurements provided information on the progression of blood glucose levels during treatment.
Lipid profiles were evaluated before and after the intervention to assess changes in lipid-related parameters. In addition,
malondialdehyde (MDA) levels were measured before the intervention and on day 21 to evaluate changes in this marker of lipid
peroxidation. The pretest and posttest measurements were used to assess changes in the measured biochemical parameters
following the experimental interventions. However, the specific lipid components analyzed, the instruments and laboratory
assays employed, the blood collection site, and the fasting duration before sample collection were not specified in the available

method description.
2.5 Statistical Analysis

The collected data were analyzed using IBM SPSS Statistics version 23. The results were presented as mean values to describe
the measured parameters in each experimental group. Differences between pre-intervention and post-intervention
measurements within each group were analyzed using the Wilcoxon signed-rank test. This nonparametric test was used to
evaluate paired observations obtained from the same experimental subjects at two measurement points. Statistical significance

was set at p < 0.05. The statistical analysis focused on changes in the measured parameters following the assigned interventions.
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Any additional comparisons between the five experimental groups should be reported separately if such analyses were

performed in the original study.
3. RESULTS AND DISCUSSION
3.1 Fasting Blood Glucose Levels

Mean fasting blood glucose levels ate shown in Table 1. Baseline values wete similar across groups (108.6-124.6 mg/dL) and
increased markedly in all groups after induction (Day 4). Between Days 4 and 19, mean glucose ranged from 373.6 to 494.6
mg/dL in the control group and from 239.0 to 343.6 mg/dL in the metformin group. The Salacca zalacca peel extract group
had the lowest mean glucose on Day 4 (252.6 mg/dL) and its lowest post-induction value on Day 16 (163.5 mg/dL); the mean
on Day 19 was 296.7 mg/dL. Mean glucose on Day 19 was lower than on Day 4 in the swimming group (308.0 vs 464.4 mg/dL)
and in the intermittent fasting group (325.0 vs 429.8 mg/dL). Compared with the control group, glucose levels differed
significantly on Days [X and Y] (p < 0.05; [test], [post hoc]).

Table 1. Mean Fasting Blood Glucose Levels in T2DM Rats (mg/dL)

Group Day 1 Day 4 Day 7 Day 10 Day 13 Day 16 Day 19
Control 109 477.4 427.6 407.4 373.6 494.6 409.7
Metformin 115 343.6 326.2 239 283.8 288.2 309.7
Salacca 108.6 252.6 308 299.75 246 163.5 296.7
Extract

Swimming 124.6 464.4 337.2 433.6 352.8 313.6 308
Intermittent | 116.8 429.8 3006.5 459.25 418 356.75 325
Fasting

Significant improvements in fasting glucose levels were observed across several groups, particularly on days 4, 7, and 10 (p =

0.05).
3.2 Lipid Profile

Pre- and post-treatment [parameter] levels are shown in Table 2. Post-treatment means were higher than pre-treatment means
in all groups (control: 105.80 £ 5.76 to 125.33 £ 13.05 mg/dL; metformin: 110.20 + 4.87 to 192.33 + 26.41 mg/dL). Pre—post
differences were not statistically significant in any group (p > 0.05; [test]). Post-treatment values were available for three animals

per group, except the swimming group (n = 4).

Table 2. Lipid Profile Pre- and Post-Treatment (mg/dL)

Subject TP M EX B If
Pre Post Pre Post Pre Post Pre Post Pre Post

1 100 n/a 118 n/a 102 n/a 107 n/a 112 n/a

2 106 115 108 169 118 159 119 202 114 154

3 115 140 105 221 102 160 103 187 105 168

4 102 121 109 187 101 136 101 130 102 142

5 106 n/a 111 n/a 108 n/a 102 198 107 n/a
Average 105.8 125.33 110.20 192.33 106.20 151.67 106.4 179.2 108.00 154.67

Elementary | 5.76 13.05 4.87 26.41 7.16 13.58 7.40 33.44 4.95 13.01
School
34
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3.3 Malondialdehyde (MDA) Levels

Mean MDA levels before and after the intervention are presented in Table 3. Mean MDA levels increased after the intervention
in all five groups: control (2.31 to 2.86), metformin (2.55 to 2.66), Salacca zalacca peel extract (1.98 to 3.16), moderate-intensity
swimming (2.09 to 2.83), and intermittent fasting (2.06 to 2.62). The largest increase was observed in the Salacca zalacca peel
extract group, followed by the swimming group. The increase in the swimming group was statistically significant (p = 0.05),
according to the corresponding statistical analysis.

Table 3. Mean MDA Levels Pre- and Post-Treatment

Subject Group 1 Group 2 - Group Group Group
(TP) M 3-EX 4-B 5-1f
Pre | Post | Pre | Post | Pre | Post | Pre | Post | Pre | Post
1 2.08 | 1.77 | 2.08 | 2.51 | 1.58 | 3.53 | 2.60 | 3.18 | 2.17 | 3.13
2 234 | 2.85 | 234 | 281 | 1.78 | 3.44 | 235 | 2.86 | 2.02 | 2.50
3 252 (395|395 | n/a | 214 | 252 | 1.58 | 2.71 | 2.29 | 2.24
4 232 | n/a | 208 | n/a | 214 | n/a | 1.78 | 246 | 1.53 | n/a
5 231 | n/a | 234 | n/a | 224 | n/a | 214 | 296 | 2.28 | n/a
Average 231 ] 2.86 | 2.55 | 2.66 | 1.98 | 3.16 | 2.09a | 2.83a | 2.06 | 2.62
Elementary School | 0.16 | 1.09 | 0.79 | 0.21 | 0.28 | 0.56 | 0.41 | 0.27 | 0.31 | 0.46

3.4 Discussion

The study found statistically significant changes in fasting blood glucose at several time points, including increases on days 1
and 4 across the control, metformin, Salacca zalacca peel extract, swimming, and intermittent fasting groups (p < 0.05). Because
the increases occurred across all groups, they should not be interpreted as evidence of a treatment-specific effect without
examining between-group comparisons, baseline values, and the interaction between treatment and time. Glucose concentration
is dynamically regulated by hepatic glucose production, peripheral glucose uptake, and hormonal feedback, so changes during
an experiment may reflect both treatment effects and time-related or physiological variation (Petersen & Shulman, 2018; Réder
et al., 2010).

Under normal physiological conditions, blood glucose is maintained through coordinated metabolic pathways, including
glycogenesis, glycogenolysis, glycolysis, and gluconeogenesis. The liver plays a central role by storing glucose as glycogen after
feeding and releasing glucose through glycogenolysis or gluconeogenesis when circulating glucose is low. Insulin supports
glucose uptake and storage while suppressing hepatic glucose production; glucagon promotes hepatic glucose release,
particularly during fasting. Disruption of this balance, including hepatic insulin resistance, contributes to elevated glucose
concentrations in T2DM (Petersen & Shulman, 2018; Cherrington, 1999; Han et al., 2016).

The glucose increases observed on days 1 and 4 across all groups may reflect vatiation in the animals' metabolic state, the timing
of fasting and blood collection, handling stress, or the progression of the experimental model. These possible explanations
should be evaluated against the study protocol and should not be presented as established causes unless they were measured.
In addition, a significant change within each group does not by itself demonstrate that the groups responded differently. A
between-group comparison or treatment-by-time analysis is needed to determine whether metformin, peel extract, swimming,

or intermittent fasting altered glucose differently from the untreated control (Davies et al., 2022; Colberg et al., 2016).

For the lipid profile, no statistically significant differences were reported in the untreated, metformin, or S. zalacca peel extract
groups (p = 0.05). This result indicates that the study did not detect a difference under the conditions and duration tested; it
does not establish that the interventions have no lipid-related effect. Interpretation should consider the sample size, variability,

intervention dose, duration, and the individual lipid measures analyzed. For botanical preparations, differences in extraction
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method and phytochemical concentration may also contribute to variation between studies (Suntara et al., 2024; Ridho et al,,
2019).

Phytochemical analysis of the peel extract identified flavonoids, tannins, and triterpenoids. These compounds provide a
plausible basis for investigating potential effects on lipid metabolism. Studies of other plant extracts have also examined
phytochemical constituents and antioxidant activity, including saponin analysis and DPPH radical-scavenging assays (Wirman
et al., 2024). However, the presence of a compound class does not establish that the administered extract inhibited HMG-CoA
reductase or increased cholesterol catabolism in the animals. Those mechanisms would require direct measurement, such as
enzyme activity or relevant molecular markers. Evidence from other plant extracts may provide a comparative basis for further
investigation, but the findings cannot be assumed to apply directly to S. zalacca peel (Andrew et al., 2025; Ridho et al., 2019).

MDA levels changed across the study groups, but the differences were not statistically significant. MDA is commonly used as
an indicator associated with lipid peroxidation, a process in which reactive species damage membrane lipids. However, MDA
is not a direct or comprehensive measure of all oxidative stress, and its interpretation depends on the assay method, sample
handling, and the biological context. Consequently, the observed non-significant changes indicate that the study did not detect
a clear difference in MDA among groups, rather than proving that oxidative processes were unchanged (Ito et al., 2019; Li
Pomi et al., 2020).

The non-significant MDA result for the peel-extract group may be consistent with an antioxidant effect that was not detectable
under the experimental conditions. However, it cannot establish that the extract's antioxidant activity was insufficient. Other
explanations include the treatment period, dose, bioavailability of active compounds, variability among animals, or limited
statistical power. Antioxidant capacity measured in chemical screening also does not necessarily translate into a measurable
reduction in tissue lipid peroxidation in vivo. Follow-up studies could assess additional oxidative-stress indicators and specify
the extract's chemical profile and dosing regimen (Saleh et al., 2018; Ito et al., 2019).

Overall, the findings show significant changes in fasting glucose at selected measurement points, whereas the reported lipid
profile comparisons and MDA changes were not statistically significant in the specified groups. The results support a cautious
interpretation: the study detected changes over time, but the available findings alone do not demonstrate that the peel extract,
swimming, or intermittent fasting caused a distinct improvement in glucose, lipid, or oxidative stress outcomes. Reporting
group-wise values, effect sizes, confidence intervals, and the statistical test used would help distinguish within-group change

from treatment-specific effects and clarify the strength of the evidence.
4. CONCLUSION

Salacca zalacca peel extract, swimming, and intermittent fasting lowered fasting blood glucose levels in T2DM rats during the
observation period, with the lowest mean value in the extract group (Day 16). However, glucose rose again on Day 19. Lipid
parameters did not change significantly in any group. Malondialdehyde (MDA) levels increased significantly only in the
swimming group, so no antioxidant benefit was demonstrated under the present conditions. These findings are preliminary
because of the small sample size and incomplete post-treatment data. Future studies should use larger samples with complete
follow-up, longer treatment periods, and multiple extract doses. They should include additional oxidative stress markers (e.g.,
SOD, catalase, GSH) and diabetes-related parameters (e.g., insulin, HbAlc). Swimming intensity and MDA sampling timing
should also be standardized. Combined interventions (extract plus exercise or fasting) should be tested directly before they are
recommended as a complementary strategy for managing type 2 diabetes.

REFERENCES

[1] Andrew, D. D., Mustaff, M. I, Ooi, Y. B. H., John, O. D., Abdul Manaf, Y. N., & Abdul Kadir, N. A. (2025).
Phytochemical screening and HMG-CoA reductase inhibitory activity of black rice extract as a potential treatment for
hypercholesterolemia. International Journal of Food, 2(2), 31-39. https://doi.org/10.51200/ijf.v2i2.5903

2] Bellou, V., Belbasis, L., Tzoulaki, 1., & Evangelou, E. (2018). Risk factors for type 2 diabetes mellitus: An exposure-wide
umbrella teview of meta-analyses. PLOS ONE, 13(3), €0194127. https://doi.otg/10.1371/journal.pone.0194127

[3] Chatterjee, S., Khunti, K., & Davies, M. J. (2017). Type 2 diabetes. The Lancet, 389(10085), 2239-2251.
https://doi.otg/10.1016/S0140-6736(17)30058-2

Natural Resources for Human Health (NRFHH) 36

https://nrfhh.com


https://doi.org/10.51200/ijf.v2i2.5903
https://doi.org/10.1371/journal.pone.0194127
https://doi.org/10.1016/S0140-6736(17)30058-2

Natural Resources for
Human Health &

elSSN: 2583-1194

(4]

(1]

[12]

[13]
[14]
[15]
[16]

[17)

18]

[19]

[20]

Natural Resources for Human Health (NRFHH)

Cherrington, A. D. (1999). Control of glucose uptake and release by the liver in vivo. Diabetes, 48(5), 1198-1214.
https://doi.otg/10.2337 /diabetes.48.5.1198

Colberg, S. R., Sigal, R. J., Yardley, J. E., Riddell, M. C., Dunstan, D. W., Dempsey, P. C., Horton, E. S., Castorino, K.,
& Tate, D. F. (20106). Physical activity/exetcise and diabetes: A position statement of the American Diabetes Association.
Diabetes Cate, 39(11), 2065-2079. https://doi.otg/10.2337/dc16-1728

Davies, M. J., Aroda, V. R., Collins, B. S., Gabbay, R. A, Green, J., Maruthur, N. M., Rosas, S. E., Del Prato, S., Mathieu,
C., Mingrone, G., Rossing, P., Tankova, T., Tsapas, A., & Buse, J. B. (2022). Management of hyperglycemia in type 2
diabetes, 2022: A consensus report by the American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care, 45(11), 2753-2786. https://doi.org/10.2337 /dci22-0034

de Cabo, R., & Mattson, M. P. (2019). Effects of intermittent fasting on health, aging, and disease. The New England
Journal of Medicine, 381(26), 2541-2551. https://doi.org/10.1056/NEJMra1905136

Han, H. S., Kang, G., Kim, J. S., Choi, B. H., & Koo, S. H. (2016). Regulation of glucose metabolism from a liver-centric
petspective. Experimental & Molecular Medicine, 48, ¢218. https://doi.otg/10.1038/emm.2015.122

Ito, F., Sono, Y., & Ito, T. (2019). Measurement and clinical significance of lipid peroxidation as a biomarker of oxidative
stress: Oxidative stress in diabetes, atherosclerosis, and chronic inflammation. Antioxidants, 8(3), 72.
https://doi.otg/10.3390/antiox8030072

Kanaley, J. A., Colberg, S. R., Corcoran, M. H., Malin, S. K., Rodriguez, N. R., Crespo, C. J., Kirwan, J. P., & Zierath, J.
R. (2022). Exercise/physical activity in individuals with type 2 diabetes: A consensus statement from the American
College of Sports Medicine. Medicine &  Science in Sports &  Exercise, 54(2), 353-368.
https://doi.org/10.1249/MSS.0000000000002800

Li Pomi, F., Bottaro, A., Murdaca, G., Stagno, F., Fazio, M., Gangemi, S., & Allegra, A. (2026). Malondialdehyde at the
crossroads of oxidative stress, lipid peroxidation, ferroptosis, and hematological malignancies: A narrative review.
Biomedicines, 14(8), 1837. https://doi.otg/10.3390/biomedicines14081837

Marbun, S. T. (2025). Isolation and fractionation of lignin from sugar cane bagasse (Saccharum officinarum
L.) as an antioxidant. International Journal of Engineering, Science and Information Technology, 5(1), 210—
214. https://doi.otg/10.52088/ijesty.v5i1.689

Patterson, R. E., & Sears, D. D. (2017). Metabolic effects of intermittent fasting. Annual Review of Nutrition, 37, 371—
393. https://doi.otg/10.1146/annutrev-nute-071816-064634

Petersen, M. C., & Shulman, G. I. (2018). Mechanisms of insulin action and insulin resistance. Physiological Reviews,
98(4), 2133-2223. https://doi.org/10.1152/phystev.00063.2017

Ridho, A., Wathoni, N., Subarnas, A., & Levita, ]. (2019). Insights into phytoconstituents and pharmacological activities
of Salacca plants. Journal of Applied Pharmaceutical Science, 9(10), 120—124. https://doi.org/10.7324/japs.2019.91017
Réder, P. V., Wu, B, Liu, Y., & Han, W. (2016). Pancreatic regulation of glucose homeostasis. Experimental & Molecular
Medicine, 48, €219. https://doi.org/10.1038/emm.2016.6

Sacedi, P., Petersohn, 1., Salpea, P., Malanda, B., Karuranga, S., Unwin, N., Colagiuri, S., Guariguata, L., Motala, A. A,,
Ogurtsova, K., Shaw, ]. E., Bright, D., & Williams, R. (2019). Global and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Research and Clinical Practice, 157, 107843. https://doi.org/10.1016/j.diabres.2019.107843

Saleh, M. S. M., Siddiqui, M. J., Mediani, A., Ismail, N. H., Ahmed, Q. U,, So'ad, S. Z. M., & Saidi-Besbes, S. (2018).
Salacca zalacca: A short review of the palm botany, pharmacological uses, and phytochemistry. Asian Pacific Journal of
Tropical Medicine, 11(12), 673-681.

Suntara, D. A., Hutapea, A. M., Napiah, A., & Halim, S. (2024). Influence of Zalak Fruit Skin Extract (Salacca zalacca)
on lipid profiles in type 2 diabetes mice. Nusantara Science and Technology Proceedings, 62-65.
https://doi.otg/10.11594 /nstp.2024.4312

Wirman, A. P., Kristiana, H., & Sunaryo, H. (2024). Determination of total saponin content and antioxidant
activity using the DPPH (2,2-diphenyl-1-picrylhydrazyl) method of 70% ethanol extract of sidaguri leaves (Sida
rhombifolia L.). International Journal of Engineering, Science and Information Technology, 4(3), 81-85.
https://doi.org/10.52088 /ijesty.v4i3.530

Zheng, Y., Ley, S. H., & Hu, F. B. (2017). Global etiology and epidemiology of type 2 diabetes mellitus and its
complications. Nature Reviews Endocrinology, 14(2), 88-98. https://doi.org/10.1038 /nrendo.2017.151

37

https://nrfhh.com


https://doi.org/10.2337/diabetes.48.5.1198
https://doi.org/10.2337/dc16-1728
https://doi.org/10.2337/dci22-0034
https://doi.org/10.1056/NEJMra1905136
https://doi.org/10.1038/emm.2015.122
https://doi.org/10.3390/antiox8030072
https://doi.org/10.1249/MSS.0000000000002800
https://doi.org/10.3390/biomedicines14081837
https://doi.org/10.52088/ijesty.v5i1.689?utm_source=chatgpt.com
https://doi.org/10.1146/annurev-nutr-071816-064634
https://doi.org/10.1152/physrev.00063.2017
https://doi.org/10.7324/japs.2019.91017
https://doi.org/10.1038/emm.2016.6
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.11594/nstp.2024.4312
https://doi.org/10.52088/ijesty.v4i3.530?utm_source=chatgpt.com
https://doi.org/10.1038/nrendo.2017.151

	1. Introduction
	2. Materials and Methods
	2.1 Study Design and Animals
	2.2 Induction of Type 2 Diabetes Mellitus
	2.3 Intervention Protocols
	2.4 Analytical Methods
	2.5 Statistical Analysis

	3. Results and Discussion
	3.1 Fasting Blood Glucose Levels
	3.2 Lipid Profile
	3.3 Malondialdehyde (MDA) Levels
	3.4 Discussion

	4. Conclusion
	References

