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Abstract
Hyperglycemia is a condition in which the blood glucose levels exceed normal limits. Ethanol extract
of Jamaican cherry leaves (Muntingia calabura L.) contains active components that have the potential
to lower blood sugar levels and heal pancreatic cell damage in rats. Gut microbiota imbalance can
cause immune system abnormalities, illnesses, and metabolic disorders, including diabetes. The aim of
the present study was to determine whether an ethanol extract of Jamaican cherry leaves can repair
pancreatic cell damage, as well as influence the total coliforms and lactic acid bacteria in hyperglycemic
mice. In this study, 25 mice were randomly placed into five groups, which were then provided with
food and drinking water. Alloxan in a dose of 160 mg/kg bw was administered to the positive control
group and three treatment groups. Each of the three groups was then treated with the ethanol extract
of Jamaican cherry leaves at doses of 300, 400, or 500 mg/kg bw for 14 days. The groups that received
the extract were able to repair the pancreatic damage considerably by increasing the number of normal
pancreatic cells. This was supported by histological observations. The total abundance of lactic acid
bacteria in hyperglycemic mice was 1.08 ± 45 x 1010 CFU/g, which was substantially lower than that
in mice treated with the extract. The overall coliform abundance in hyperglycemic mice was 4.37 ±
41 x 1010 CFU/g, which was higher than that in mice supplemented with the extract. Therefore, the
administration of Jamaican cherry leaf ethanol extract on a regular basis can increase the abundance of
cecum microbiota in hyperglycemic mice. Furthermore, this extract can be used as a natural alternative
treatment for recovering pancreatic cell damage.
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INTRODUCTION

and polyphenols.11 Furthermore, M. calabura
fractions were found to contain secondary
metabolites such as alkaloids, which act as
hepatoprotectors.12 However, there is currently
no evidence that Jamaican cherry leaf extract can
reverse pancreatic cell damage or influence the
gut microbiota in hyperglycemic rats. Therefore,
the present study investigated whether an ethanol
extract of Jamaican cherry leaves can repair
damaged pancreatic cells, as well as influence the
abundance of the total coliforms and lactic acid
bacteria (LAB) in hyperglycemic rats.

Poor glucose metabolism has long
been associated with acute and life-threatening
diseases. Transient hyperglycemia, also known
as stress hyperglycemia or stress-induced
hyperglycemia, is mainly detected in individuals
without diabetes.1 Hyperglycemia is often caused
by damaged pancreatic b cells that cannot produce
insulin or damaged insulin receptors.2 Untreated
hyperglycemia can lead to a variety of potentially
life-threatening effects, including damage to
the eyes, kidneys, nerves, heart, and peripheral
vascular system. Thus, proper and efficient
treatment of hyperglycemia is essential to avoid
complications and improve patient outcomes.3
Alloxan is commonly used in animal
experiments to induce diabetes. The cytotoxic
effect of this diabetogenic agent is mediated
by reactive oxygen species (ROS). With the
production of superoxide radicals, alloxan and
its reduction product, dialuric acid, initiate a
redox cycle. The activity of ROS, along with a
high increase in cytosolic calcium concentration,
results in the rapid death of b cells.4 Ingredients
high in antioxidants provide protection against
oxidative stress-induced damage during diabetes
complications.5-6 The glucose-lowering effect of
natural ingredients may be significant in b cell
regeneration process.7
Hyperglycemic conditions not only
affect metabolism but also influence the
microbiome profile. Oral bacteria contribute to
hyperglycemia by increasing insulin resistance,
which results in uncontrolled blood glucose
levels.8 Berberine, an isoquinoline alkaloid derived
from Ctenopharyngodon idellus, is beneficial in
the treatment of diabetes in animals because of
its strong hypoglycemic (glucose-lowering) and
hypolipidemic (lipid-lowering) properties. It also
aids in the management of bacterial intestinal
disorders. Berberine may influence blood glucose
levels through structural regulation of the gut
flora.9 Furthermore, flavonoids ameliorate the
pathogenesis of diabetes and its complications by
regulating glucose metabolism, hepatic enzyme
activity, and lipid profile. 10 Jamaican cherry
(Muntingia calabura L.) leaf may be used as a
feed supplement because it contains antioxidants
such as flavonoids, tannins, saponins, triterpenes,
Journal of Pure and Applied Microbiology

Methods
Preparation of Jamaican Cherry Leaf Extract
Dark-green Jamaican cherry leaves were
chosen, weighed, and thoroughly cleaned. They
were first dried for 24 h, then sliced into small
pieces and baked at 70°C for 24 h. The dried leaves
were weighed and pureed in a blender until they
reached a powder-like consistency. The pureed
leaves were then macerated three times in 1 L 96%
ethanol for 24 h. The macerate was filtered using
a Buchner funnel to obtain a filtrate. The filtrate
was concentrated with a rotary evaporator at 50°C
to produce a thick extract, which was then baked
to set a shape and thickened with 1% Na-CMC.
Total Flavonoid Extract (Muntingia calabura L.)
Flavonoid content was calculated using
the absorbance curve of a standard quercetin
solution. The standard solution was prepared
by dissolving 25 mg of standard quercetin in 25
mL ethanol to obtain a concentration of 1000
ppm. A 1 mL stock solution was pipetted into
a 10 mL volume. Several concentration series
were produced from a standard solution of 100
ppm quercetin, notably, 4, 6, 8, 10, and 12 ppm.
Subsequently, 3 mL of ethanol, 0.2 mL of 10% AlCl3,
and 0.2 mL of 1 M potassium acetate were added
to 5 mL of each quercetin solution. The samples
were then incubated at room temperature for
30 min. A UV-Vis spectrophotometer was used
to measure the absorbance of the mixture in a
wavelength of 440 nm. Total flavonoid content was
determined using quercetin as a reference.13-14 The
leaf extract was weighed and dissolved in 25 mL
ethanol. The same steps used in the preparation
1944
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Surgery on Test Animals and Organ Sampling
Mice were dissected and anesthetized
with chloroform on the 14th day or at the end of the
study period. This was accomplished by placing the
experimental animals in glass jars previously filled
with cotton soaked in chloroform. Anesthesia was
administered by making each mouse inhale 0.67
mL of chloroform for 60s, which was measured
using a stopwatch. 18 After the mice stopped
moving, surgery was performed vertically on the
ventral region of their bodies. The pancreas was
removed when the stomach was opened. The
removed pancreas was immediately fixed in a
10% formalin solution, and to obtain excellent
fixation results, the ratio of specimen volume to
formalin solution was kept as 1:10. For histological
examination of the pancreas, it was transferred
to the Laboratory of Anatomy, Histology, and
Anatomical Pathology of the Faculty of Medicine.
Meanwhile, the removed intestinal organs were
transferred to the Microbiology Laboratory of the
Faculty of Mathematics and Natural Sciences.

and measurement of the normal quercetin
solutions were repeated for the sample solutions.
The measurements were performed three times.
Experimental Animal Maintenance
Twenty-five male mice (Mus musculus
L.) aged 2-3 months with a weight of 30-40 g
were used in this study. The mice were procured
from Lampung Veterinary Center. This study was
conducted in compliance with the ethical principle
of replacement, reduction, and refinement (3R)
concept. Mice were allowed to acclimatize for
one week in a new cage habitat that used rice
husks as a base. During acclimation, mice were
provided with drinking water and food pellets as
their regular diet. The typical amount of feed for
mice was 3-4 g/animal/day. 15
Alloxan Administration to Induce Hyperglycemia
Administering a dose of 160 mg/kg
bw alloxan may cause hyperglycemia in mice.16
Therefore, the present study used this particular
dose of alloxan to induce diabetes in mice. First,
mice were made to fast for 6-8 h. After fasting, the
blood glucose levels of the mice were assessed
using a glucometer, and their starting body weight
was measured using a digital scale. Then, their
tails were damaged with a needle, and alloxan
was injected subcutaneously at the nape of the
neck approximately two hours after the tail wound
began to dry.
Alloxan was dissolved in 0.3 mL of aqua
pro injection before being injected into mice. After
24 h of alloxan administration, 0.3 mL of 5% sugar
water was given orally to prevent hyperglycemia.
Blood sugar levels were examined five days after
alloxan injection. The mice used in this study had
blood glucose levels higher than 125 mg/dL, which
is considered hyperglycemic by the International
Diabetes Federation. Mice that had a rise in blood
glucose levels were administered Jamaican cherry
leaf extract orally for 14 days.

Preparation of Histological Sections of Mouse
Pancreas
Based on the procedure used by Sari
& Noverda 19 histological sections of mouse
pancreas were prepared using hematoxylin-eosin
staining. The entire process comprise material
selection, fixation, dehydration, purification,
paraffin infiltration, embedding, cutting, pasting,
deparaffinization, staining, closure, and labeling.
Assessing the Level of Pancreatic Damage
The level of pancreatic damage in mice
was observed by detecting tissue damage in the
histological sections of mouse pancreas throughout
the treatment group and then grading the degree
of damage.20 Furthermore, the pancreatic damage
was evaluated by determining the area of the islets
of Langerhans in each treatment group using the
gravimetric approach.21 The degree of damage was
graded according to the scoreboard provided in
Table 1.

Preparation of Ethanol Extract from Jamaican
Cherry Leaves
Ethanol extract of Jamaican cherry leaves
was administered to mice in doses of 300, 400, and
500 mg/kg bw for 14 days. Jamaican cherry leaf
extract at a dose of 400 mg/kg bw is found to be
beneficial in decreasing blood sugar levels.17
Journal of Pure and Applied Microbiology
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Total Coliform and Lactic Acid Bacteria in Mice
Intestines (Mus musculus L.)
Microbial analysis involves calculating the
total quantities of LAB and coliforms. Total plate
count was calculated using the dilution approach.
The sample of cecum contents was diluted to 10-8
in stages. Total LAB was calculated by inoculating
1 mL of the sample on deMan Rogosa Sharpe agar
medium with dilution factors of 10-6, 10-7, and 10-8.
For total coliforms, the samples were aerobically
inoculated on Endo agar medium. All samples were
incubated at 37°C for 24 h. The total number of
bacteria was estimated by dividing the product of
the number of colonies and the dilution factor by
the number of colonies on each medium.22

Results
To t a l F l a v o n o i d C o n t e n t o f D i f fe r e n t
Concentrations of Jamaica Cherry Leaf Ethanol
Extract
Flavonoids are an important class of
natural products that are abundant in fruits,
vegetables, and some drinks. They are a type of
plant secondary metabolite with a polyphenolic
structure and can be found in various regions
of the plant. The total flavonoid content in
the ethanol extract of Jamaican cherry leaves
increased with increasing treatment dose
(Table 2).
Damage Score for Mouse Pancreases
Figure 1 depicts the damage score
results for injured mouse pancreases. The

Table 1. Cell damage appearance pancreas scoring
Score

Information

0

There was no damage to the cells or the structure of the Langerhans islets; the structure and size were
normal.
Total necrosis of pancreatic cells in quarter, with cell degeneration seen as cytoplasmic vacuoles.
Total necrosis of pancreatic cells in a half, the presence of necrotic cells throughout the field of vision,
karyorrhexis of cells (nuclear fragmentation).
Total pancreatic cell necrosis is ¾, with the presence of inflammatory cells in the pancreatic interstitial
space.
All pancreatic cells are necrotic.

1
2
3
4

Figure 1. Damage score of pancreatic Langerhans under microscope observation (400x)
Description: K-: Negative control, K+ : Positive control, P1 : Dose 300 mg/kgbw, P2 : Dose 400 mg/kgbw,
P3 : Dose 500 mg/kgbw
Journal of Pure and Applied Microbiology
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histopathological grading data reflected the extent
of pancreatic damage in each group after alloxan
injection and subsequent administration of cherry
leaf ethanol extract.
The average pancreatic damage score
of negative control group (K-) was 0.4 ± 0.31.
Compared with the other treatment groups, the Kgroup had the least damage. Meanwhile, the mean
score (3.20 ± 44) in the positive control group
(K+) revealed that the majority of the cells had
been damaged. This indicated that the K+ group
with alloxan injection was the most adversely
affected group among all the treatment groups.
In comparison to K+, groups P1, P2, and P3 that
were administered the ethanol extract of cherry
leaves exhibited less damage.
According to the post hoc Mann–Whitney
test (p = 0.006), P3 (500 mg/kg bw/day) was the
optimum dosage for repairing pancreatic cell
damage in mice. However, the injured pancreases

in this study were not completely healed. This is
because the statistical tests used for the P1, P2,
and P3 implementations show no meaningful
formation, and the doses used to heal pancreatic
cell damage is considered insufficient.

Figure 2. Pancreatic histopathology at 400x
magnification (Hematoxylin-Eosin staining). (A) beta
cells, (B) alpha cells, (C) acinar cells, (D) blood arteries,
and (E) intercellular gaps are depicted (Personal
Documentation)

Figure 3. Histopathology of the pancreas in the positive
control (Hematoxylin-Eosin staining). (A) Beta cells, (B)
cell necrosis, (C) inflammatory cells, (D) cell nucleus
undergoes karyorrhexis (nuclear fragmentation) (D).
Cell necrosis, pyknosis (nuclear shrinkage), and (E)
cell degeneration in the form of cytoplasmic vacuoles
(Personal documentation)

Average Area of the Islets of Langerhans
Table 3 shows the average area of the
islets of Langerhans in the K-, K+, P1, P2, and P3
groups.
Table 3 shows the average value of the
area of Langerhans Island in the K-, K+, P1, P2, and
P3 groups based on the study's findings.
Average area of the islets of Langerhans in
P1, P2, and P3 groups (mice with alloxan injection
and administered with ethanol extract of cherry
leaves in a dose of 300, 400, or 500 mg/kg bw) was
larger than that in the K+ group (mice with only
alloxan injection). The K- group had the largest
average Langerhans islets area, while K+ had the

Table 2. Total flavonoid which measured using spectrophotometer at l 440 nm
No.
Treatment Dose
		
1
2
3

Dose 300mg/ kgbw
Dose 400mg/ kgbw
Dose 500mg/ kgbw

Cherry Leaf
Ethanol Extract

Total flavonoid levels
(mg QE/g extract)

1,029 g
1,372 g
1,715 g

799,65
1006,20
1332,76

Note: The term QE/g (quercetin equivalent) refers to the number of milligrams of quercetin in one gram of extract. *kgbw;
kilograms body weight.
Journal of Pure and Applied Microbiology
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the trial (Figure 3). The positive control group (K+)
served as a reference for the histopathological
image of a damaged pancreas. The pancreatic
islets of Langerhans were substantially smaller
in the K+ histopathological image than in the Kimage.

smallest. Table 3 indicates that higher the extract
dose used, larger the area of Langerhans islets
recovered.
Histopathological Picture of the Mice's Pancreas
in Each Treatment Group
Negative Control Mice Group (K-)
Figure 2 illustrates the histopathological
section of the K- group that was not administered
alloxan. In comparison to the other treatment
groups, the K- group demonstrated the best or
normal pancreatic condition. Although they were
not exposed to alloxan, necrotic cells with an
average damage of 0.4 ± 0.44 were discovered
in some mice pancreases. This was caused by
apoptosis, a process of cell destruction that can
occur in healthy cells as well.

Administration of 300 mg/kg bw of Leaf Ethanol
Extract (P1)
Alloxan was administered to a group of
mice, followed by an administration of the ethanol
extract of kersen leaves at a dose of 300 mg/kg bw
(P1). This group had a higher mean damage score
of 2.0 ± 0.70 than the other therapy groups, P2 and
P3. Figure 4 shows the pancreatic histopathology

Positive Control Mice Group (K+)
The K+ group of mice was stimulated with
a dosage of 160 mg/kg bw/day alloxan without
providing any treatment until the completion of
Table 3. The average size of the island of Langerhans
Group
KK+
P1
P2
P3

Area of Langerhans Island (μm)
(Mean ± SD)

Figure 4. Group P1 pancreatic histology (hematoxylineosin staining). Description: (A). cells have grown
in size (B). fewer cell clusters and more connective
tissue (C). Pyknosis results from nuclear necrosis of
cells (shrinkage of the nucleus). (D). Nuclear necrosis
causes karyorrhexis (nuclear fragmentation) (Personal
Documentation)

47790,85 ± 9085,34
34125,32 ± 5719,44
38670,87 ± 8258,62
39456,66 ± 1449,77
43840,17 ± 1491,10

Figure 5. Group P2 pancreatic histology (HematoxylinEosin staining). (A) Cell necrosis, cell nucleus karyorrhexis
(nuclear fragmentation), (B) decreased cell clusters and
increased connective tissue (C). Necrosis of the cell
nucleus, pyknosis (nuclear shrinkage) (D). Hypertrophied
cells (Personal Documentation)
Journal of Pure and Applied Microbiology

Figure 6. Group P3 pancreatic histology (HematoxylinEosin staining). (A) Cell necrosis, cell nucleus undergoes
karyolysis (nucleus destruction), (B) Normal pancreatic
beta cells, (C) Intercellular cavity
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fragmentation) and pyknosis (nuclear shrinkage),
a decrease in the number of cell clusters, and an
increase in the amount of connective tissue in the
center of the Langerhans islets. Islets of Langerhans
are still not normal. The P2 group underwent
Langerhans repair, with regenerated cells defined
by cell colonies and a more homogenous cell
distribution.

in group P1. Compared with the positive control
group, the P1 group showed an improvement;
however, in the P1 group, the pancreas seemed
smaller in size and β cells were less evident
than in the K- group. The islets of Langerhans
underwent cell renewal, resulting in a considerable
increase in their area. The efficiency of cherry leaf
ethanol extract in regenerating and repairing cells
damaged by harmful chemicals such as alloxan was
clearly demonstrated in the P1 group.

Administration of 500 mg/kg bw of Leaf Ethanol
Extract (P3)
This group had a nearly normal histological
image of the pancreas, and the islets of Langerhans
began to improve microscopically, as shown in
Figure 6. This improvement is assumed to be
associated with the increase in extract dosage.
The bioactive components in the ethanol extract
of the cherry leaves were most likely responsible
for the improvement observed in this group.

Administration of 400 mg/kg bw of Leaf Ethanol
Extract (P2)
This group included mice that had been
injected with alloxan and were subsequently
administered the extract at a dose of 400 mg/kg
bw/day (P2) for 14 days. It had a damage score
of 1.8 ± 0.44. The histopathological scores in the
P2 group were lower than those in the P1 and K+
groups. Figure 5 shows the pancreatic histological
image of the P2 group.
Langerhans islets damage was still
observed in the P2 group because of necrosis of
the cell nuclei undergoing karyorrhexis (nuclear

Lactic Acid and Total Coliform Bacteria
In hyperglycemic mice, an ethanol extract
of cherry leaves exhibited a favorable count of

Table 4. Total coliform counted using colony counter

Table 5. Lactic acid bacteria (LAB) counted using colony
counter

No.
Group
		

No.
Group
		

1.
2.
3.
4.
5.

KK+
P1
P2
P3

Total Coliform
(Log 10 CFU/g)
2,08 ± 0,81a
4,37 ± 1,00b
2,74 ± 1,00a
2,51 ± 0,58a
2,40 ± 0,43a

1
2
3
4
5

K- (healthy mice, which were only provided with food and
drinking water), K+ (alloxan-injected mice), P1, P2, and P3
(alloxan-injected mice, which were administered ethanol
extract of cherry leaves at doses of 300, 400, and 500 mg/kg
bw, respectively). Different superscripts in the same column
indicates statistical significance (P < 0.05). The total coliform
count was determined as the average of five replications.

KK+
P1
P2
P3

Total LAB
(Log 10 CFU/g)
3,61 ± 1,92a
1,08 ± 1,11b
2,86 ± 1,89a
2,93 ± 1,52a
3,51 ± 2,06a

K- (healthy mice, which were only provided with food and
drinking water), K+ (alloxan-injected mice), P1, P2, and P3
(alloxan-injected mice that were subsequently administered
ethanol extract of cherry leaves at doses of 300, 400, and
500 mg/kg bw, respectively). Different superscripts in the
same column indicates statistical significance (P < 0.05). The
total LAB was determined as the average of five replications.

Table 6. This research compared the falovonoid content of several plants
Sources
Solvent
		

Extract
Weight

Flavonoid
Level

References

Sirsak leave (Annona muricata L.)
Sambiloto leave (Andrographis paniculata)
Samsit leave (Gynura segetum)
Kersen leave (Muntingia calabura L.)

0,050g
1g
0,050g
0,025g

28,27 mg QE/g
34,469 mg QE/g
26,26 mg QE/g
19,428 mg QE/g

(Mukhriani et al., 2015)
(Kumala, 2017)
(Lau et al., 2019)
(This study)

Journal of Pure and Applied Microbiology
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coliform bacteria in the cecum. Table 4 shows the
total coliform count.
In the negative control group (K-), the
total coliform count was 2.08 ± 0.81. There was a
substantial difference in the number of coliforms
in the cecum of the P3 and K+ groups. The total
coliform count in the cecum of K+ mice was 4.37 ±
1.00, which was greater and substantially different
from that of negative control mice (K-). The total
coliform count in the cecum was 2.40 ± 0.43 in
the P3 group. This was not substantially different
from that in the K- group mice, which were only
provided with food and water until the end of the
trial. Furthermore, the overall quantity of coliform
bacteria was reduced after the administration of
the cherry leaf ethanol extract (Table 4).
Table 5 shows how the application
of the extract to the test animals at various
dosages changed the total LAB. Hyperglycemic
mice treated with cherry leaf ethanol extract
exhibited an effective increase in LAB colonization:
a higher dosage corresponded to a higher LAB
population. There was a considerable difference
in LAB population between the P3 and K+ groups.
Administering an ethanol extract of cherry leaves
can cause normal LAB colonization in the cecum
of mice, as is evident by the lack of a significant
difference between the total abundance of cecum
LAB in the P3 and K- groups.

signaling molecules. However, the production
of excessive ROS can damage various cellular
organelles and impede their functions, eventually
disrupting normal physiology. An imbalance
between ROS generation and antioxidant defenses
that protect cells has been linked to the etiology
of several disorders, including cancer, asthma,
pulmonary hypertension, and retinopathy.25
To compensate for the ROS generated
in the present experiment, an antioxidantrich ethanol extract was provided. Muntingia
calabura, often known as the strawberry tree or
Jamaican cherry, is a cherry tree that contains
many flavonoids, which are naturally abundant
antioxidants. This study demonstrated that the
flavonoid content of Jamaican cherry leaves is
higher than that of other plants (Table 6).
Given the growing number of
hyperglycemia patients and the frequent
ineffectiveness of treatments, the priority is to
develop new and more effective treatments based
on natural compounds with high biological activity,
such as flavonoids—plant compounds that are an
important component of the human diet.26
Alloxan at a dose of 160 mg/kg bw
(K+) damaged the islets of Langerhans, which
are responsible for regulating blood glucose
levels by releasing insulin. When these cells stop
functioning, blood glucose levels increase, leading
to hyperglycemia. The administration of cherry leaf
ethanol extract not only inhibited ROS, the primary
source of β cell destruction, but also stimulated
cell repair. Furthermore, these natural chemicals
protect cells against DNA damage caused by
different carcinogens, including ROS, owing to
their antioxidant properties.27 Thus, they reduce
DNA damage and prevent genetic instability
that leads to β cell destruction.28 Consequently,
we observed a recovery of damaged β cells to
their normal conditions after treatment with the
ethanol extract of cherry leaves at 300, 400, and
500 mg/kg bw.
Hyperglycemia is caused by persistently
increased glucose concentrations above the
physiological range. It is widely established that
type 2 diabetes-related hyperglycemia alters the
gut microbiota.29 Thus, the present study aimed
to determine whether an ethanol extract of
Jamaican cherry leaves can repair pancreatic cell
damage, as well as influence the total population

Discussion
Glycemic homeostasis is the balance
or regulation of blood glucose levels. Diabetes,
naturally and significantly, impairs this condition.
As its complications increase, it causes many
problems, including retinopathy, nephropathy,
and neuropathy, which are collectively known
as chronic conditions. They are the primary
players in comorbidity and ultimately death
that are frequently associated with diabetes.23
Experimental animals are frequently fed an alloxanlaced diet to intentionally induce hyperglycemia.
Alloxan has two separate pathogenic
effects: it selectively decreases glucose-induced
insulin release by inhibiting glucokinase,
the glucose sensor of β cells, and it induces
insulin-dependent diabetes by generating ROS,
culminating in the selective necrosis of β cells.24
For normal biological activities, ROS act as cell
Journal of Pure and Applied Microbiology
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of coliforms and LAB in hyperglycemic mice.
Although this was a preliminary study, the results
demonstrated an increase in the small intestine
microbiome population, particularly in LAB,
after the administration of cherry leaf ethanol
extract (Table 5). The surge in LAB population
moderated the growth of the overall coliform
population (Table 4). This demonstrates that
administering antioxidants as part of a regular diet
not only avoids additional damage to pancreatic
β cells but can also balance the good microbiome
population and reduce pathogen overgrowth.
This is consistent with the study by Riaz Rajoka
et al.30 They reported that prolonged exposure
to ROS can result in microbial dysbiosis, which
can lead to various intestinal disorders including
intestinal damage, colorectal malignancies, enteric
infections, and inflammatory bowel disease.
Food-derived antioxidant chemicals have recently
been proven to protect individuals from intestinal
oxidative stress by changing the composition of
beneficial bacterial species in the gut.
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