Journal of Hunan University

1
% ﬁj‘ (Natural Sciences) ok 5
@ LSEVIER
< K Scopus
=
2 2 Vol. 52 No. 5
= -'j—‘-
By May 2025
Ea
é *ﬁ oo Available online at Clarivate
g e https://jonuns.com WEB OF SCIENCE
Open Access Article @) https://doi.org/10.55463/issn.1674-2974.52.5.4

Effects of Pomegranate, Lactobacillus, and Tempeh Combination on Metabolism,
Oxidative Stress, and Intestinal Health in High-Fat Diet Mice

Diniwati Mukhtar'*, Nunung Ainur Rahmah?, Aan Royhan?, Linda Weni*, Andrea Ivana
Allicia Hutabarat’, Hanifah Hafsari¢

! Department of Physiology, Faculty of Medicine, YARSI University, Jakarta, Indonesia
2 Department of Anatomical Pathology, Faculty of Medicine, YARSI University, Jakarta, Indonesia

3 Doctoral Candidate, Department of Biomedical Science Doctoral, Graduate School, YARSI University, Jakarta, Indonesia

4 Department of Biomedical Science Doctoral, Graduate School, YARSI University, Jakarta, Indonesia
3 Universitas Padjadjaran, Indonesia

6 Tangerang Regional General Hospital, Indonesia

* Corresponding author: diniwati.mukhtar@yarsi.ac.id

Article History:

Received: March 25, 2025
Revised: April 29, 2025
Accepted: May 16, 2025
Published online: June 30, 2025

Abstract: Pomegranate polyphenols, particularly ellagic acid, regulate glucose and lipid metabolism, while
reducing oxidative stress through antioxidant and anti-inflammatory mechanisms. Lactobacillus supports gut health
by enhancing the intestinal barrier function and modulating microbial populations. This study aimed to examine the
effect of pomegranate juice, either alone or in combination with Lactobacillus or Tempeh, on the metabolic health
of Wistar rats. Rats were divided into six treatment groups: K1 (normal control), K2 (high-fat diet control), K3
(pomegranate seeds), K4 (pomegranate seeds and peel), K5 (pomegranate seeds + Lactobacillus), and K6
(pomegranate seeds + tempeh). The outcomes assessed included the lipid profile, glucose levels, oxidative stress
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markers, fecal pH, and histological analysis. Significant differences were found across the treatment groups for lipid
profile, blood glucose, superoxide dismutase (SOD), malondialdehyde (MDA), fecal pH, and intestinal histological
parameters (p<0.01). Among the pomegranate-treated groups, K5 exhibited the lowest total cholesterol
(92.70+4.29), triglycerides (84.28+2.31), LDL (28.00+2.92), and blood glucose (85.41+2.09), while showing the
highest HDL (79.12+1.64) and SOD (79.67+3.40). The lowest MDA level was found in K6 (2.58+0.13), whereas
K3 had the lowest fecal pH (6.94+0.05). Mucosal thickness and villus length differed significantly (p<0.01),
whereas the goblet cell count did not (p=0.19). K3 exhibited the greatest mucosal thickness (577.34+76.39) and
villus length (296.13+£39.42), K5 had the lowest villus destruction (60% intact), and K6 had the highest goblet cell
count (143.404+32.75). Pomegranate juice, with Lactobacillus or Tempeh, improves lipid and glucose metabolism,
reduces oxidative stress, and enhances gut health in rats.

Keywords: Pomegranate Juice, Lactobacillus, Tempeh, Metabolic Health, Oxidative Stress, Gut Microbiota,
High-Fat Diet, Wistar Rats, Lipid Profile, Blood Glucose.
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1. Introduction 1, and IRS-2 expression. It mitigates oxidative stress

and glycation by inhibiting lipid peroxidation. EA also
modulates carbohydrate metabolism by inhibiting a-
glucosidase through a-amylase suppression, restricting
and anti-inflammatory properties [2]. One key glycogen breakdqwn via refluced glycogen
ellagitannin, ellagic acid (EA), plays a crucial role in ~ Phosphorylase secretion, and enhancing glucose uptake
glucose regulation by stimulating GLUT2, IGF-1, IRS- and storage while lowering blood glucose levels.
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Pomegranates contain abundant polyphenols, with
ellagitannins (ETs) being the predominant type [1].
These bioactive compounds possess strong antioxidant
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Additionally, EA contributes to lipid homeostasis by
suppressing iodothyronine deiodinase 2 and Nr4al in
brown fat and by activating PPARG coactivator 1
alpha, which promotes insulin sensitivity, limits white
fat accumulation, and supports lipid metabolism. It
further aids in fat regulation by decreasing liver-
derived TG and TC, reducing leptin and resistin,
boosting adiponectin levels, and preventing fat cell
differentiation [3].

Certain Lactobacillus species are commonly used
as probiotics [4]. Specific strains of Lactobacillus
plantarum, CCFM 1286, CCFM 1290, and CCFM 1291,
facilitate the conversion of ellagitannins into urolithin
A [5]. This metabolite promotes intestinal mucus
secretion by activating the Nrf-2 and AhR pathways,
which play vital roles in preserving intestinal barrier
function [6]. Tempeh is a valuable source of probiotics,
with Lactobacillus species being the most prevalent [7].
It contains a diverse range of probiotic bacteria,
including Lactobacillus fermentum, Lactobacillus

plantarum, Lactobacillus paracasei, Lactobacillus
delbrueckii, Lactobacillus  agilis, Lactobacillus
mucosae, Lactobacillus paralimentarius, and
Lactobacillus zeae, along with Lactococcus sp.,

Weissella confusa, W. paramesenteroides, Enterococcus
faecalis, E. faeccium, and Pediococcus pentosaceus [8].
In addition to its probiotic content, tempeh is a rich
source of isoflavones with concentrations surpassing
those found in other soy products such as tofu and
soymilk [9]. Isoflavones contribute to gut health by
fostering beneficial microbiota, inhibiting pathogenic
bacteria, and influencing microbial populations linked
to obesity [10]. They also support the proliferation of
probiotics and enhance their antibacterial activity.
Recognized for their broad health benefits, isoflavones
have been associated with a reduced risk of
cardiovascular  disease, osteoporosis, hormone-
dependent cancers (such as breast, prostate, and colon
cancer), and menopausal symptoms. These protective
effects are largely attributed to their antioxidant
activity, which includes neutralizing free radicals,
minimizing oxidative damage to DNA and LDL, and
stimulating antioxidant enzyme activity [11].

This study aimed to investigate the effects of
pomegranate juice, both alone and in combination with
Lactobacillus or Tempeh, on various metabolic health
parameters in rats. Specifically, it will assess lipid
profiles (total cholesterol, LDL, HDL, and
triglycerides), fasting blood glucose levels, antioxidant
activity, and oxidative stress markers. Additionally, we
evaluated the impact of these treatments on gut
microbiota activity through fecal pH measurements and
histological changes in intestinal tissues. Our findings
are expected to provide scientific evidence of the
potential benefits of combining pomegranate juice with
probiotics or prebiotics, contributing to the
development of natural formulations for metabolic
health support.

2. Method

This experimental study utilized a post-test-only
control group design to evaluate the effects of
pomegranate  juice, pomegranate juice  with
Lactobacillus, and pomegranate juice with tempeh
extract on metabolic health in Wistar rats. A total of 24
male Wistar rats (8 weeks old, weighing 200-250 g)
were divided into six groups, each containing four rats.
The groups were as follows: K1 (normal control)
received standard feed and water; K2 (HFD control)
received a high-fat diet; K3 received pomegranate seed
extract (3 mL/200 g); K4 received pomegranate seed
and skin extract (3 mL/200 g), K5 received
pomegranate seed extract (3 mL/200 g) with
Lactobacillus (36 mg/200 g), and K6 received
pomegranate seed extract (3 mL/200 g) with tempeh
(70% incorporated into feed + soy milk). The assessed
variables included lipid profile (total cholesterol, LDL,
HDL, triglycerides), fasting blood glucose, superoxide
dismutase (SOD) as a marker of antioxidant activity,
malondialdehyde (MDA) as a marker of oxidative
stress, fecal pH, and histological analysis of the liver,
muscle, and intestinal tissues. All treatments were
administered orally for four weeks, with blood samples
taken via retro-orbital venous collection for lipid and
glucose analysis, fecal samples collected for pH
measurement, and tissue samples of the liver, muscle,
and intestine obtained for histological examination.
Data analysis included enzymatic colorimetric assays
for lipid profiles and glucose, spectrophotometry for
SOD, the TBARS method for MDA, a portable pH
meter for fecal pH, and hematoxylin-eosin staining for
histological analysis. The study protocol was approved
by the Ethics Committee of the YARSI University
(number 019/KEP-UY/EA.10/1/2025.

3. Results and Discution

One-way ANOVA was conducted to analyze
differences in lipid profile, blood glucose, superoxide
dismutase (SOD), malondialdehyde (MDA), and fecal
pH among the treatment groups. Tukey’s post hoc test
was performed to further assess group differences.

Our findings revealed significant variation in lipid
profile parameters, including total cholesterol (TC),
triglycerides (TG), HDL, and LDL, across the
treatment groups (p<0.01), as shown in Table 1. The
highest total cholesterol levels were observed in the K2
group (208.81 + 3.51), while the lowest levels were
recorded in the control group (K1, 89.24 + 2.78).
Among the pomegranate-treated groups, K5 exhibited
the lowest total cholesterol levels (92.70 + 4.29).
Tukey’s post-hoc test revealed significant differences in
total cholesterol levels between K1 vs K2, K3, K4, and
K6; K2 vs K3, K4, K5, and K6; K3 vs K5 and K6; and
K4 vs K5 (p<0.01), as shown in Table 2.

One-way ANOVA revealed a significant difference
in triglyceride levels among the treatment groups
(p<0.01). The highest triglyceride levels were observed
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in the K2 group (139.72+4.04), whereas the lowest
levels were found in the control group (K1,
72.00£1.86). Among the groups receiving pomegranate
treatment, K5 exhibited the lowest triglyceride levels
(84.284+2.31). The Tukey post-hoc test further
confirmed significant differences in triglyceride levels
between K1 and K2; K3, K4, K5, and K6; K2 and K3;
K4, K5, and K6; K3 and K5 and K6; and K4 and K5
(p<0.01), as presented in Table 2.

A significant difference in LDL levels was
observed between the treatment groups (p<0.01). The
highest LDL levels were observed in the K2 group
(139.72+4.04), while the lowest levels were recorded in
the control group (K1, 27.48+1.80). Among the
pomegranate-treated groups, K5 exhibited the lowest
LDL levels (28.00+£2.92). The Tukey post-hoc test

further confirmed significant differences between K1
and K2, K3 and K4; K2 and K3, K4, K5 and K6; K3
and K5 and K6; and K4 and K5 and K6 (p<0.01).

The analysis revealed a statistically significant
variation in the HDL levels across the different
treatment groups (p<0.01). The K2 group exhibited the
lowest HDL levels (23.15+2.11), whereas the control
group (K1) had the highest recorded levels
(80.73£2.76). Among the groups receiving
pomegranate treatment, K5 showed the most notable
increase in HDL levels (79.12+1.64). Further post-hoc
Tukey analysis confirmed significant pairwise
differences between K1 and K2, K3 and K4; K2 and
K3, K4, K5 and K6; K3 and K4, K5 and K6; K4 and
K5 and K6 (p<0.01).

Table 1. One-Way ANOVA Results for Lipid Profile Parameters

Group Lipid Profile
Total cholesterol Triglyceride LDL HDL
(Mean£SD, mg/dL) | (Mean+SD, mg/dL) | (Mean+SD, mg/dL) (Mean£SD, mg/dL)
K1 89.24+2.78 72.00+1.86 27.48+1.80 80.73+£2.76
K2 208.81+3.51 139.72+4.04 78.96+1.62 23.1542.11
K3 107.44+£2.25 95.59+2.95 46.13+1.61 60.51+1.68
K4 105.27+£3.12 93.10+2.44 38.90+2.40 67.98+3.37
K5 92.70+4.29 84.28+2.31 28.00+2.92 79.12+1.64
K6 101.66+4.83 86.48+1.59 30.80+3.11 75.61+1.41
p-value 0.00%* 0.00%* 0.00%* 0.00**
**) p<0.01
*) p<0.05
Table 2. Tukey Post-Hoc Results
Group Total Triglyceride | LDL HDL Blood | Antioxidant | Oxidative | Fecal
Cholesterol Glucose Activity Stress pH
K1 vs K2 0.00%** 0.00%* 0.00%* | 0.00** 0.00%* 0.00%** 0.00%** 0.00%**
K1 vs K3 0.00%** 0.00** 0.00** | 0.00%* 0.00%** 0.00%** 0.00** 0.00**
K1 vs K4 0.00%** 0.00%* 0.00%* | 0.00** 0.00%* 0.00** 0.00** 0.00**
K1 vs K5 0.648 0.00%* 0.999 0.867 0.00%* 0.856 0.00** 0.998
K1 vs K6 0.00%** 0.00** 0.250 0.017 0.00%** 0.017 0.00%** 0.126
K2 vs K3 0.00%** 0.00%* 0.00%* | 0.00** 0.00%* 0.00** 0.00** 0.00**
K2 vs K4 0.00%** 0.00%* 0.00%* | 0.00** 0.00%* 0.00** 0.00** 0.00**
K2 vs K5 0.00%** 0.00** 0.00** | 0.00%* 0.00%** 0.00%** 0.00** 0.00**
K2 vs K6 0.00%** 0.00** 0.00** | 0.00%* 0.00%** 0.00%** 0.00** 0.00**
K3 vs K4 0.930 0.680 0.001 0.00%* 0.462 0.349 0.138 0.051
K3 vs K5 0.00%** 0.00** 0.00** | 0.00%* 0.00%** 0.00%** 0.00** 0.00**
K3 vs K6 0.00%** 0.00** 0.00** | 0.00%* 0.007 0.013 0.00** 0.007
K4 vs K5 0.00%* 0.00** 0.00** | 0.00%* 0.00** 0.00** 0.00** 0.00**
K4 vs K6 0.607 0.007 0.00** | 0.00%* 0.00** 0.569 0.00** 0.00**
K5 vs K6 0.007 0.774 0.424 0.181 0.041 0.187 0.00%** 0.274
*#) p<0.01
*) p<0.05

Page | 48




Journal of Hunan University (Natural Sciences)

Vol. 52 No. 5, May 2025

One-way ANOVA demonstrated a significant
variation in blood glucose levels among the different
treatment groups (p<0.001), as shown in Table 3. The
highest average blood glucose level was found in the
K2 group (158.65+1.80), while the lowest was
recorded in the control group (K1, 74.52+1.30). Among
the groups receiving pomegranate treatment, the K5
group exhibited the lowest blood glucose level
(85.41+£2.09). Subsequent Tukey post-hoc analysis
confirmed significant pairwise differences between K1
and K2, K3, K4, K5, and K6; K2 and K3, K4, K5, and
K6; K3 and K5; and K4 and K5 and K6 (p<0.01).

Table 3. Blood Glucose Levels in Across Treatment

malondialdehyde (MDA) levels among the treatment
groups (p<0.01), as shown in Table 5. The highest
MDA levels were observed in the K2 group
(10.19£0.16), whereas the lowest levels were recorded
in the control group (K1, 1.62+0.13). Among the
groups receiving pomegranate treatment, the highest
MDA level was found in the K3 group (3.984+0.12),
while the lowest was in the K6 group (2.58+0.13). A
detailed summary of these findings is presented in
Table 4. Tukey post-hoc analysis revealed significant
pairwise differences between K1 and K2, K3, K4, K5,
and K6; K2 and K3, K4, K5, and K6; K3 and K5 and
K6; K4 and K5 and K6; and K5 and K6 (p<0.01), as
shown in Table 2.

Table 5. Malondialdehyde Levels Across the Treatment

Groups
Group Blood Glucose p-value
(Mean=SD, mg/dL)
K1 74.52+1.30 0.00%*
K2 158.65+1.80
K3 98.29+1.32
K4 95.66+3.16
K5 85.41+2.09
K6 89.96+3.13
**) p<0.01
*) p<0.05

The one-way ANOVA test assessing antioxidant
activity in blood samples revealed a significant
difference in superoxide dismutase (SOD) activity
among the treatment groups (p<0.01), as shown in
Table 4. The highest mean SOD activity was observed
in the control group (K1, 79.67+£3.40), whereas the
lowest was recorded in the K2 group (25.25+3.40).
Among the pomegranate-treated groups, K5 exhibited
the highest SOD activity (79.6743.40). Further Tukey
post-hoc analysis confirmed significant pairwise
differences between K1 and K2, K3 and K4; K2 and
K3, K4, K5 and K6; K3 and K5; and K4 and K5
(p<0.01), as presented in Table 2.

Table 4. Superoxide Dismutase Activity across
Treatment Groups

Groups
Group Malondialdehyde (MDA) | p-value
(Mean+SD, mmol/mL)

K1 1.62+0.13 0.00%**
K2 10.19+0.16
K3 3.98+0.12
K4 3.71+0.16
K5 3.17+0.24
K6 2.58+0.13

**) p<0.01

*) p<0.05

One-way ANOVA for fecal pH revealed a
significant difference between the treatment groups.
The highest fecal pH was observed in the K1 group
(7.3840.04), while the lowest was recorded in the K2
group (6.66+£0.11). Among the pomegranate-treated
groups, K3 had the lowest fecal pH (6.94+0.05),
whereas K5 had the highest (7.36+0.05). Table 5
presents the results. Further Tukey post-hoc analysis
confirmed significant differences between K1 and K2,
K3 and K4; K2 and K3, K4, K5 and K6; K3 and K5;
and K4 and K5 and K6, as shown in Table 2.

Table 6. Fecal pH Across Treatment Groups

Group Fecal pH p-value
Mean+SD

K1 7.38+0.04 0.00%*
K2 6.66+0.11
K3 6.94+0.05
K4 7.08+0.08
K5 7.36+0.05
K6 7.26+0.05

Group | Superoxide Dismutase (SOD) | p-value
(Mean=SD, %)
K1 82.62+3.40 0.00%*
K2 25.254+3.40
K3 63.93+4.49
K4 69.18+5.84
K5 79.67+3.40
K6 73.44+3.15
**) p<0.01
*) p<0.05

One-way ANOVA for oxidative stress markers in
blood samples revealed a significant variation in

The results of the one-way ANOVA for intestinal
histopathology = parameters, including  mucosal
thickness, villus length, and goblet cell count, are
presented in Table 7. To identify the groups that
differed the most, a post-hoc Tukey test was performed,

Page | 49




Journal of Hunan University (Natural Sciences)

Vol. 52 No. 5, May 2025

as shown in Table 8.

Table 7. One-Way ANOVA Results for Intestinal Histopathological Parameters

Group Mucosal Thickness Villi Length Goblet Cell Count
(Mean£SD, pm) (Mean£SD, pm) (Mean+SD)
Kl 654.86+79.37 396.89+20.17 140.00+36.62
K2 516.91+125.39 266.03+105.99 99.00+51.50
K3 577.34+76.39 296.134£39.42 107.40+31.26
K4 492.35+147.83 252.72+95.87 85.40+31.13
K5 376.49+63.58 229.22434.43 118.80+51.79
K6 430.69+98.87 284 20+75.37 143.40+32.75
p-value 0.004** 0.016* 0.190
**) p<0.01
*) p<0.05

Table 8. Tukey’s Post-Hoc Analysis of Intestinal Histopathological Parameters

Group Mucosal Thickness Villi Length
K1 vs K2 0.311 0.066
K1 vsK3 0.837 0.240
K1 vs K4 0.164 0.034**
K1 vs K5 0.003** 0.010*
K1 vs K6 0.023 0.149
K2 vs K3 0.935 0.982
K2 vs K4 0.999 0.00**
K2 vs K5 0.293 0.958
K2 vs K6 0.769 0.998
K3 vs K4 0.779 0.919
K3 vs K5 0.051 0.658
K3 vs K6 0.251 1.000
K4 vs K5 0.496 0.994
K4 vs K6 0.930 0.978
K5 vs K6 0.958 0.810

**) p<0.01
*) p<0.05

A statistically significant difference in mucosal
thickness was observed between treatment groups
(p=0.004). Our findings revealed that the greatest
mucosal thickness was observed in the control group.
Among the pomegranate-treated groups, K3 exhibited
the greatest mean mucosal thickness (577.34+76.39).
In contrast, the lowest mucosal thickness was recorded
in K5 (376.49+63.58). Tukey’s post hoc test confirmed
a statistically significant difference in mucosal
thickness between K1 and K5 (p=0.003).

Our study revealed significant differences in villus
length between the treatment groups (p= 0.016).
Among the pomegranate-treated groups, K3 exhibited
the longest mean villus length (296.13+39.42), whereas
the shortest was observed in K5 (229.22+34.43).
Tukey’s post-hoc test indicated significant differences
between K1 and K4 (p=0.034), K2 and K4 (p=0.00),
and K1 and K5 (p=0.01).

In this study, no significant differences in goblet

cell counts were observed between the treatment
groups (p=0.19). Among the pomegranate-treated
groups, K6 exhibited the highest mean goblet cell
count (143.40+£32.75). In contrast, the lowest goblet
cell count was recorded in K4 measuring
(85.40+31.13)

In this study, a Kruskal-Wallis test was conducted
to assess the differences in villus destruction
percentages, and the results are presented in Table 9. A
significant variation in villus destruction was observed
among the treatment groups (p=0.016). Our findings
indicated that groups K3 and K4 predominantly
exhibited mild villus destruction, with a prevalence of
60%. In contrast, the majority of the samples in K5
showed no villus destruction (60%). K6 exhibited
moderate villus destruction (60%). To further analyze
group differences, a Mann-Whitney post hoc test was
performed, and the results are presented in Table 10.
The most significant differences were observed

Page | 50



Journal of Hunan University (Natural Sciences)

Vol. 52 No. 5, May 2025

between K1 and K2 (P = 0.009), K1 and K3 (P =

0.014), and K1 and K6 (P = 0.009).

Table 9. Kruskal-Wallis Results of Villi Destruction

Villi Destruction
Group - Total p-value
None Mild Moderate Severe
K1 n 4 1 0 0 5 0.016*
% 80.0% 20.0% 0.0% 0.0% 100.0%
X2 n 0 1 1 3 5
% 0.0% 20.0% 20.0% 60.0% 100.0%
K3 n 0 3 1 1 5
% 0.0% 60.0% 20.0% 20.0% 100.0%
K4 n 0 3 0 2 5
% 0.0% 60.0% 0.0% 40.0% 100.0%
K5 n 3 1 0 1 5
% 60.0% 20.0% 0.0% 20.0% 100.0%
K6 n 0 1 3 1 5
% 0.0% 20.0% 60.0% 20.0% 100.0%
Table 10. Mann—Whitney U test Results of Villi Destruction
K2 K3 K4 K5 K6
0.009** | 0.014* 0.014 0.439 0.009**
0.356 0.063 0.371
0.371
0.658

3.1 Discussion

In this study, we found significant differences in
the lipid profile parameters among the treatment
groups. Total cholesterol (TC), triglyceride (TG), and
LDL levels were highest in the K2 group (high-fat
diet), whereas the lowest levels were observed in the
control group (K1). Among the pomegranate-treated
groups, the lowest levels were detected for KS5
(pomegranate seed + Lactobacillus). These findings
suggest that the combination of pomegranate and
probiotics may have a synergistic effect in lowering TC
and TG levels, potentially owing to the role of
Lactobacillus in lipid metabolism. This aligns with the
findings of Sohrab et al. [12] and Kojadinovic et al.
[13], who reported significant reductions in TC and
LDL-C levels following pomegranate consumption.
Additionally, a systematic review by Momin et al. [14]
highlighted that probiotics significantly reduce
triglyceride, LDL, and overall cholesterol levels in the
blood.

The highest HDL-c levels were observed in the K5
group, indicating that the combination of pomegranate
seed extract and Lactobacillus may have a beneficial
effect on HDL-c levels. This contrasts with the findings
of Mustafa et al., who reported that pomegranate juice
did not significantly influence HDL-c levels [15].

However, a meta-analysis by Bahari et al. [16]
concluded that pomegranate consumption could
enhance HDL-c levels, which aligns with our results.
These inconsistencies may stem from variations in the
study design, dosage, or the presence of other bioactive
compounds in the interventions. Additionally, a study
by Andriani et al. on broiler chickens found that
probiotics could effectively increase HDL levels,
further supporting our findings [17].

In this study, we observed a significant difference
in the blood glucose levels among the treatment
groups. The highest blood glucose levels were recorded
in the K2 group (high-fat diet control), whereas the
lowest were found in the control group (K1). Among
the pomegranate-treated groups, the K5 group
exhibited the lowest blood glucose levels. This finding
aligns with the study by Kerimi et al., who reported
that polyphenols in pomegranate can reduce the
postprandial glycemic response [18]. Similarly, our
results are consistent with a meta-analysis by Zhong et
al., who found that Lactobacillus plantarum enhanced
glucose metabolism in patients with type 2 diabetes
mellitus [19].

A significant difference in superoxide dismutase
(SOD) levels, an indicator of antioxidant activity, was
observed among the treatment groups. The highest
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SOD levels were observed in the control group,
whereas the lowest levels were recorded at K2. Among
the pomegranate-treated groups, K5 exhibited the
highest SOD level. These findings align with those of
Naghizadeh-Baghi et al., who reported that
pomegranate juice significantly modulated oxidative
stress [20]. Additionally, Mu et al. found that
Lactobacillus plantarum enhances free radical
scavenging by increasing superoxide dismutase levels
[21].

Our study revealed a significant difference in
malondialdehyde (MDA) levels, a key marker of
oxidative stress, across the treatment groups. The
highest MDA levels were observed at K2, whereas the
lowest levels were observed in the control group.
Among the pomegranate-treated groups, Ko
(pomegranate + tempeh) exhibited the lowest MDA
level. These findings align with those of Naghizadeh-
Baghi et al., who reported a reduction in MDA levels
following pomegranate juice consumption compared
with the control [20]. Similarly, Rachmawati et al.
demonstrated that tempeh gembus effectively lowered
MDA levels [22]. Additionally, Mu et al. found that
Lactobacillus plantarum contributes to free radical
scavenging by reducing MDA levels [21].

In this study, a significant difference was observed
in the fecal pH among the treatment groups. The lowest
fecal pH was observed in the K2 group, while the
highest was recorded in the control group. Among the
pomegranate-treated groups, K3 (pomegranate seed)
exhibited the lowest fecal pH. These findings are
consistent with the study by Varma et al., who reported
that calves fed pomegranate peel extract had lower
fecal pH than the control group [23]. Similarly, our
results align with the findings of Alcon-Giner et al.,
who demonstrated that probiotic supplementation with
Bifidobacterium and Lactobacillus (Bif/Lacto) reduced
fecal pH in preterm infants [24].

In our study, significant differences in mucosal
thickness were observed between the treatment groups.
The control group (K1) exhibited the thickest mucosa,
whereas among the pomegranate-treated groups, K3
showed the highest thickness and K5 the lowest. Rizzo
et al. demonstrated that pomegranate extract supports
intestinal repair by stabilizing barrier integrity,
influencing the mucus layer, and regulating paracellular
permeability [25]. Similarly, Ahl et al. reported that
Lactobacillus reuteri protects against colitis by
enhancing mucus thickness and reinforcing epithelial
structure [26]. However, in this study, the combined
Lactobacillus-pomegranate treatment did not yield the
thickest mucosa, potentially because of strain
differences or the bactericidal effects of pomegranate
[27], which may interfere with the probiotic efficacy of
Lactobacillus.

Variations in villus length were also evident across
treatment groups. The longest villi were observed in the
control group (K1), whereas among the pomegranate-

treated groups, K3 exhibited the greatest villi length
and K5 the shortest. Abozahra et al. similarly reported
a significant increase in villus length in fish
supplemented with pomegranate peel extract (PPE).
Shonyela et al. found that Lactobacillus rhamnosus GG
(LGG) enhances villi growth [28]. However, despite
these findings, our study did not show the longest villi
in the Lactobacillus pomegranate group, possibly due
to strain-specific responses or the antimicrobial
properties of pomegranate [27], which may limit the
effectiveness of Lactobacillus as a probiotic.

The severity of villus destruction varied among
different treatment groups. Mild destruction was most
frequently observed in the K3 group, whereas the
majority of the samples in the K5 group remained
intact. Using a mouse model mimicking inflammatory
bowel disease (IBD), Zhang et al. reported that PPE
alleviates intestinal damage, potentially by inhibiting
the MAPK and NF-xB signaling pathways [29].
Similarly, Cheng et al. found that Lacticaseibacillus
rhamnosus VHProbi M15 and polyphenols effectively
prevented intestinal villus destruction [30].

Unlike other parameters, goblet cell count did not
differ significantly between the treatment groups in this
study. This contrasts with the findings of Abozahra et
al., who reported a significantly higher number of
goblet cells in fish supplemented with PPE than in the
control [31]. Likewise, Xie et al. revealed that
Lactobacillus reuteri 22 suppresses the Notch signaling
pathway, thereby promoting intestinal stem cell
differentiation into goblet cells [32]. The discrepancies
between these studies and our findings may be due to
strain-specific responses or the antimicrobial effects of
pomegranate [27], which could compromise the
probiotic function of Lactobacillus.

4. Conclusion

Pomegranate juice, particularly when combined
with Lactobacillus or Tempeh, enhances lipid and
glucose metabolism, reduces oxidative stress, and
improves gut health in rats.

This study has several limitations that need to be
considered. First, the relatively small sample size (only
four mice per group) may limit the generalizability of
the results. Second, the short duration of the
intervention (four weeks) may not be sufficient to
capture the long-term effects of the combination of
pomegranate juice, Lactobacillus, and tempeh on
metabolic and gut health. In addition, variability in the
type and dosage of probiotics and the nutrient content
of tempeh were not strictly controlled, which could
have affected the consistency of the results.

Future studies should explore its long-term effects,
optimal dosages, and clinical applications in humans to
develop potential dietary interventions for metabolic
disorders and to improve gut health.
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