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Hyperglycemia, Bioactive Compounds, Flavonoids, Natural Antihyperglycemic Agents

Hyperglycemia is a medical condition in which blood glucose levels exceed normal limits, and is a
characteristic feature of diabetes mellitus (DM). This disease is characterized by high blood sugar levels due
to impaired insulin production. This study aims to determine the effect of secondary metabolites contained in
papaya leaf extract, noni leaf extract, cassava leaf extract, and pearl grass extract as antihyperglycemic agents.
The research method used maceration with 70% ethanol solvent to obtain a thick extract, followed by
phytochemical testing. This method also used a literature review to determine the effect of bioactive
compounds in cassava leaf extract (Manihot esculenta), noni leaf extract (Morinda citrifolia), papaya leaf
extract (Carica papaya), and pearl grass extract (Hedyotis corymbosa) as natural hyperglycemia agents. The
results showed that the four extracts contained various secondary metabolites, namely flavonoids, alkaloids,
tannins, phenolics, saponins, steroids, and triterpenoids. Papaya leaves had the best extract with complete
secondary metabolites to overcome hyperglycemia. Although the three extracts, namely cassava, noni, and
pearl grass, did not have complete secondary metabolite content like papaya, they contained flavonoids,
phenolics, saponins, and alkaloids to treat hyperglycemia. Thus, these local plants have the potential to be

developed as sources of raw materials for natural hyperglycemia phytopharmaceuticals

1 INTRODUCTION

Hyperglycaemia is a medical condition where
an increase in blood sugar levels exceeds normal
limits which can cause insulin resistance and
disruption of pancreatic p-secretion to cause
increased oxidative stress, this occurs because the
formation of ROS exceeds its metabolic ability
resulting in oxidative stress in the body and oxidative
damage to tissues that cause chronic diseases to lead
to basic complications including angiopathy in the
vascular system and neuropathy in the nervous
system. Hyperglycaemia is one of the hallmarks of

diabetes mellitus (Sari et al., 2018). Diabetes mellitus
(DM) is a metabolic condition characterised by
elevated blood glucose levels due to lack of insulin
secretion, impaired insulin function, or a combination
of both. A diagnosis of diabetes is made when fasting
blood sugar levels exceed 126 mg/dL and blood sugar
levels two hours after eating are more than 200
mg/dL. According to a report from the International
Diabetes Federation (IDF), there are 371 million
individuals aged between 20 to 79 years old suffering
from DM worldwide. Indonesia ranks seventh with
the highest prevalence of DM. The IDF also predicts
that the number of DM cases will increase to 205

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025


mailto:eva_agustina@uinsa.ac.id

The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

million among patients aged 40-59 years by 2035.
Measurement of glycosylated haemoglobin (HbAlc)
is used to monitor the average increase in blood
glucose levels over the past 1-3 month period (Bakri
et al., 2023).

Treatment of hyperglycaemia can be done
through pharmacological therapy, which includes the
administration of insulin and oral antidiabetic drugs,
or through the use of traditional medicines that
contain secondary metabolites with potential, such as
flavonoids, alkaloids, saponins, terpenoids, tannins,
steroids, polyphenols, and anthocyanins. These
compounds play a role in inhibiting glucose transport
in the gut, thereby lowering glucose levels. Various
treatment approaches to control blood sugar levels
and prevent complications in patients with diabetes
mellitus include the use of hyperglycaemic drugs
derived from plants (Santi et al., 2020). The use of
medicinal plants as antioxidants has been widely
researched. The selection of papaya leaves, cassava
leaves, mengkudu leaves, and pearl leaves is based on
literature showing that each has antioxidant and
antidiabetic compounds. The variety of extracts is
expected to have a synergistic effect in reducing
oxidative stress and preventing spleen tissue necrosis
due to hyperglycaemia. Phytochemical screening was
conducted to determine the content of secondary
metabolites in the plant (Gamse, 2002).

Noni leaf (Morinda citrifolia) is a leaf that can
be used for medicinal purposes or can be consumed
as a healthy drink. Noni leaves contain
phytochemicals, such as phenolic acids, flavonoids,
alkaloids, and polysaccharides. The content in noni
can provide many benefits, one of which is the
treatment of diabetes, hypertension and has

antioxidant activity (Ramayani et al., 2021).

According to research (Rohman et al., 2006),
antioxidant activit in noni leaves is influenced by the
content of phenolic compounds and flavonoids. The
phenolic content contained in noni leaf extract is
3.02% b/b GAE (Gallic Acid Equivalent) and the
flavonoid content in noni leaf extract obtained
through maceration method is 0.46% b/b QE
(Quercetin Equivalent) (Ramayani et al., 2021).
According to research (Wang et al., 2022) states that
noni leaves can have potential as an anti-
hyperglycemic natural medicine and the bioactive
compounds contained in noni leaves are dominated
by phenolics.

Papaya leaves (Carica papaya) contain
compounds such as alkaloids, saponins, tannins, and
flavonoids, so that papaya leaf extract can be used in
herbal medicine (Rustiani et al., 2017). The statement
supports research (Fakeye et al., 2007) that papaya
leaves have antioxidant activity and can reduce blood
sugar levels in rats at a dose of 5.0mg/200g.
According to research (Zakaria et al., 2024) papaya
leaves are able to reduce blood sugar levels or help
control mild hyperglycaemia conditions. The
antihyperglycaemic activity of these leaves is due to
the content of chemical compounds such as
flavonoids and saponins. Flavonoids work by
reducing glucose absorption or increasing the body's
tolerance to glucose. According to research (Irawan
et al., 2020) Papaya leaf extract dissolved using
ethanol has a phenolic content of 3.490 mgGAE/gram
(Gallic Acid Equivalent) and flavonoid levels in
papaya leaf extract, the total flavonoid content of
papaya leaf ethanol extract was found to be 4.613
mgQE/gram (Quercetin Equivalent).

Cassava leaf extract (Manihot esculenta) has

potential as an antihyperglycaemia because of its
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flavonoid content that can help reduce blood glucose
levels. Flavonoids work by several mechanisms such
as increasing insulin secretion from pancreatic beta
cells, increasing glucose uptake by peripheral tissues,
regulating enzyme activity associated with
carbohydrate metabolism and acting like insulin that
can affect insulin signalling pathways. Thus, the
flavonoid content in cassava leaves can help control
blood sugar levels and become an alternative
antihyperglycaemia treatment (Warditiani et al.,
2015). According to research (Okoro, 2020), cassava
leaf extract dissolved using ethanol has a phenolic
content of 0.82 mgGAE/gram (Gallic Acid
Equivalent) and flavonoid levels in cassava extract
obtained 0.64 mgQE/gram (Quercetin Equivalent).
Pearl grass extract (Hedyotis corymbosa) is an
herbal drink that has often been used since ancient
times, this pearl grass leaf has many benefits, one of
which is as an antidiabetic due to the saponin content
in the pearl grass leaf, besides saponins, some of the
contents contained in pearl leaves include
hentriacontane, stigmasterol, ursolic acid, oleanolic
acid, -sitosterol, sitisterol-D- glucoside, p-coumaric
acid, flavonoids (Soemardji et al., 2015). Extracts
from pearl grass contain flavonoids and saponins.
Based on research conducted by (Mangallo et al.,
2019), flavonoid compounds and saponins show the
ability to inhibit the a- glucosidase enzyme, increase
insulin response, and control blood glucose levels
because they have antidiabetic effects. Flavonoids
found in pearl grass leaves have antioxidant abilities
that contribute to lowering blood sugar levels by
increasing sensitivity to insulin, besides that,
saponins and tannins have a function as regulators of
the immune system by increasing the proliferation

and activity of immune cells. According to research

(Wahyuni et al., 2018) Pearl grass leaf extract
dissolved using ethanol has a phenolic content of 154
(Gallic
flavonoid levels in pearl grass extract obtained 1.78

mgGAE/gram Acid Equivalent) and
mgQE/gram (Quercetin Equivalent).

Based on previous research, it can be
concluded that extracts from papaya leaves, cassava
leaves, mengkudu leaves, and pearl grass have the
ability as antidiabetic and antihyperglycemic agents.
Each plant has a unique way of lowering blood sugar,
regulating body weight, and affecting the immune
system, which includes the number and variety of
leucocytes. Although each plant showed good results,
more studies are needed to elucidate the molecular
mechanism and the best dose for the use of some
extracts as antidiabetic agents. Therefore, this study
aims to determine the effect of secondary metabolite
content and antioxidant activity contained in papaya
leaf extract, mengkudu leaf, cassava leaf, and pearl

grass as antihyperglycemic agents.

2 METHOD

Location and Time of Research

This research was conducted at the
Laboratory of Basic Chemistry and Basic
Biology Campus Il Sunan Ampel State Islamic

University Surabaya from June to July 2025.

Tools and Materials

Tools and materials used in this study include
beakers, volumetric flasks, aluminium foil, paper,
analytical scales, Erlenmeyer, stirring rods, test tubes,
spatulas, measuring cups, filter paper and glass
funnels. The materials used in this study such as

various materials of papaya leaves, pearl leaves, noni
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leaves, cassava leaves, distilled water and 70%
ethanol.

Extraction

Extraction was carried out using the
maceration method. The maceration method was
carried out by soaking the leaf sample powder using
distilled water solvent for 2x24 hours with occasional
stirring. Weighed 250 grams of powder, measured
70% ethanol solvent as much as 1250 ml with a
measuring cup, then poured the sample into a glass
bottle, stirred briefly and closed the glass bottle
tightly so as not to evaporate. The mixture was
sonicated with a sonicator for 30 minutes. The
mixture was allowed to stand for 2x24 hours with
occasional stirring. After 2x24 hours, the result was
filtered with filter paper. The filtrate is evaporated
using a rotary evaporator with a temperature of about
50°C - 55°C and rotated at a speed of 60 - 70 rpm to
remove the solvent so that the extract of natural

ingredients is obtained (Agustina, 2017).

Phytochemical Test
e Alkaloid Test

The ethanol extract of each leaf was weighed
as much as 0.5gram which was put into a test tube and
added 1% HCI as much as 0.5 mL, then added 1-2
drops of dragendorf. If it produces an orange colour,
it shows positive alkaloid (Agustina et al., 2018).
e Flavonoid Test

The ethanol extract of each leaf is weighed as
much as 200 mg or 0.2 grams and put into a test tube.
Added 5 mL of ethanol and heated for 5 minutes.
Added a few drops of concentrated HCI and added
0.2gram of magnesium. If a dark red (magenta)

colour appears, it shows positive flavonoids
(Agustina et al., 2018).
e Saponin Test

The saponin test is carried out by weighing 0.5
grams of leaf extract and the sample is put into a test
tube. The leaf extract was added to hot water and
cooled. The cooled mixture is shaken for 10 minutes
until foam is formed, then 2 N HCI is added. If foam
is formed and 2 N HCI is added, the foam remains,
indicating positive saponin (Agustina et al., 2018).
e Phenolic Test

Leaf extract was weighed as much as 0.5gram
and put into erlenmeyer, then added 70% ethanol as
much as 10 mL. Taken 1 mL of the solution formed
and put into a test tube. After that, 2 drops of 5%
FeClI3 solution were added. Phenolic positivity is
indicated by the formation of green or bluish green
colour (Agustina et al., 2018).
e Tannin Test

Leaf extract was weighed as much as 0.5gram
which was put into a test tube and added distilled
water as much as 3 mL. Cassava leaf extract then
added FeClI3 1% as much as 2 drops. Positive results
of tannin are indicated when it forms a bluish green
colour (Agustina et al., 2018).
e Steroid and Triterpenoid Test

The leaf extract was weighed as much as
0.5gram and put into a test tube, then added CHCI3
as much as 0.5 mL and acetic acid as much as 0.5 mL.
Concentrated H2SO4 was added as much as 2 mL
through the test tube wall.

The extract is declared positive for
triterpenoids if a purple-red colour is formed (Novia,
2020). While positive for steroids if it produces green
or blue colour (Mondong, 2015).
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The Relationship Between Chemical Compounds
and Blood Sugar Levels: Literature Review

This method of measuring blood sugar
levels uses a literature review. The process of
referencing and researching journals uses
secondary data obtained from the results of
research conducted by previous researchers. The
secondary data sources referred to are articles or

journals.

3 RESULT

Table 1. Phytochemical Screening Results of
Papaya, Noni, Cassava, and Pearl Leaf Extracts.
(Source: Personal Data, 2025)

Results for each extract

Compound
Papaya Noni Cassava Pearl Grass

Alkaloid + + + +
Flavonoid + + + +
Fenolik + + + 3
Tanin + + +
Saponin + +
Steroid +
Triterpenoid + + + +

Qualitative Test of Phytochemical Screening
Phytochemical screening was conducted to provide
an overview of the groups of compounds contained in
ethanol extracts of papaya, noni, cassava, and pearl
leaves. The components contained in ethanol extracts
of papaya, noni, cassava, and pearl leaves were
analyzed using color tests with several reagents.

The results of the phytochemical screening
analysis of ethanol extracts of papaya, noni, cassava,
and pearl leaves can be seen in Table 1. Based on the
phytochemical screening test conducted, ethanol
extracts of papaya, noni, cassava, and pearl leaves
contained the following compounds: The results of
the phytochemical screening analysis of ethanol
extracts of papaya, noni, cassava, and pearl grass
in Table 1. Based on the

phytochemical screening test conducted, ethanol

leaves can be seen

extracts of papaya, noni, cassava, and pearl grass

leaves contain alkaloids, flavonoids, phenolics,

saponins, triterpenoids, phenolics, and steroids.

Table 2. Literature Review on the Effects of Papaya Leaf, Noni, Cassava, and Pearl Grass Extracts on

Hyperglycemia

Title

Author

Method

Results

Papaya Leaves (Carica papaya)

Testing the Effect of
Papaya Leaf Extract on
Streptozotocin-Induced

Blood Glucose Reduction
in White Mice

(Wulandari et al.,
2022).

This study used in vivo experiments on
20 male white rats induced by alloxan
and given papaya leaf ethanol extract
(Carica papaya L.) with varying doses
of 100, 200, and 300 mg/kgBW, then
their

blood glucose levels were measured.

Papaya leaf ethanol extract at a dose of 300
mg/kg BW can provide the most effective
reduction in blood glucose levels, approaching
the effect of the control drug glibenclamide.

Antihyperglycemic and
hypolipidemic activities
of aqueous extract of
Carica papaya Linn.
leaves in alloxan-induced
diabetic rats

(Yasmeen & Prabhu
2012).

The experimental research method
was carried out by administering water
extract of Carica papaya Linn. leaves
to albino rats induced with diabetes
with alloxan monohydrate (120
mg/kg, ip) for 21 days, with
measurements of blood sugar levels
and

lipid profiles to assess the
antihyperglycemic and hypolipidemic
activities of the extract.

Papaya leaf extract has a potential
antihyperglycemic effect on diabetic rats because
papaya leaf extract has a dose of 400 mg/kg
which can significantly reduce blood sugar levels
from the first day to the 21st day, can reduce blood
levels and triglycerides in diabetic rats.
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Anti-Diabetic Efficacy
and Phytochemical
Screening of Methanolic
Leaf Extract of Pawpaw
(Carica papaya) Grown
in North Central Nigeria

(Ogundele et al.,
2017)

In vitro experimental research method
with methanol extraction of Carica
papaya leaves and testing of anti-
diabetic activity in vitro through
inhibition of «-amylase enzyme,
glucose uptake by yeast cells, and
inhibition of non-enzymatic
hemoglobin glycosylation.

Papaya leaf methanol extract contains bioactive
compounds such as tannins, saponins, terpenoids
and alkaloids, and shows significant anti-diabetic
activity in vitro with increased glucose uptake,
inhibition of o-amylase up to 25.2%, and
inhibition of hemoglobin glycosylation, proving
the therapeutic potential of this extract for the
development of diabetes drugs.

Comparison of Papaya
Leaf Extract (Carica
Papaya L) and Metformin
Administration on
Reducing Blood Glucose
Levels in Mice (Mus
Musculus) Induced by
Alloxan.

(Damayanti et al.,
2022).

This study uses a literature review
with a narrative review design to
compare the effects of papaya leaf
extract (Carica papaya) and
metformin on reducing blood glucose
levels in alloxan-induced mice.

The results showed that papaya leaf extract had
antihyperglycemic activity at doses of 150-600
mg/kg BW, but its effectiveness was still lower
than metformin.

Assessments of
phytochemicals and
hypoglycemic activity of
leaves extracts of Carica
papaya in diabetic mice.

Sobiaetal., 2016

The method used was papaya leaf
extraction with various solvents
followed by hypoglycemic testing on
diabetic rats and streptozotocin
induction as well as phytochemical
analysis.

The results obtained showed that papaya leaf
ethanol extract had significant hypoglycemic
activity, improved lipid profiles, liver enzymes,
and blood cell levels in diabetic rats, and
contained

high levels of flavonoid quercetin as the main
bioactive component.

Cassava Leaves (Manihot esculenta)

Two  Extracts  From
(Manihot Esculenta)
Leaves Efficiently Inhibit
a-Glucosidase and  o-
Amylase: A New
Approach for the
Management of Diabetes

(Okoro,
2020)

The method used in vitro was

due to the

The results showed that the ethanol extract of
cassava leaves (Manihot esculenta) had stronger

evaluation of the inhibitory activitya- glucosidase and a-amylase inhibitory activity
of a-glucosidase and a-amylase usingthan the acetone extract, with an a-glucosidase

ethanol

and acetone extracts fromlIC50 value of 0.77 mg/mL which was better than

cassava leaves, as well as measuring theAcarbose; the phenolic and flavonoid content

total phenolic and flavonoid content.

was also higher in the ethanol extract, so this
extract has the potential as an antihyperglycemic
and antioxidant agent for diabetes

Antidiabetic (a-amylase
and o glucosidase)

and anti-obesity (lipase)
inhibitory activities

of edible cassava (Manihot
esculenta Crantz)

as measured by in vitro
gastrointestinal

digestion:  effects  of
phenolics and harvested
time

(Laya et al., 2022)

The method used was in vitro testing
with the inhibitory activity of the
enzymes o-amylase, a- glucosidase,
and lipase from cassava leaf extract
(Manihot esculenta) processed by
simulating gastrointestinal digestion,
as well as analysis of phenolic and
flavonoid content.

The brief results in this journal show that cassava
leaves (Manihot esculenta) contain bioactive
compounds, such as flavonoids, stilbenes,
tannins, and saponins, which have significant
inhibitory activity against o-amylase and o-
glucosidase enzymes, both in free, bound, and
bioaccessible fractions after in vitro digestion.
This activity has the potential to lower blood
glucose levels by inhibiting carbohydrate
digestive enzymes, thus functioning as an
antidiabetic and antihyperglycemic agent.

Cassava (Manihot
esculenta): A Systematic

Review for the
Pharmacological
Activities,
Traditional Uses,
Nutritional Values, and

Phytochemistry

(Mohidin et al., 2023)

Systematic review by analyzing
various ~ studies related to the
pharmacological activity of cassava
plants (Manihot esculenta Crantz).

The research results show that cassava has
various pharmacological potentials, including
anticancer, anti-inflammatory,  antidiabetic,
hepatoprotective,  immunomodulatory, and
antioxidant activities.

Determination of Toxicity
and Hypoglycemic Effect
in  Alloxan induced
Diabetic Mice of Manihot
esculenta Crantz (Fam.
Euphorbiaceae) Aqueous
Crude Leaf Extract and its
Fractions

(Bautista et al., 2025)

Oral administration of plant extracts to
mice induced with diabetes, then
measuring blood glucose levels and
other biochemical parameters to
evaluate the hypoglycemic effect

Oral administration Manihot esculenta (cassava)
leaf water extract to streptozotocin nicotinamide-
induced diabetic mice significantly reduced
blood glucose levels.
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Phytochemical ~ Content
and Antidiabetic
Properties of Most
Commonly Used
Antidiabetic ~ Medicinal
Plants of Kenya

(Muema et al., 2023)

The research method is a literature
review of the phytochemical profile
and antidiabetic activity of medicinal
plants, including in vitro and in vivo
studies of extracts and isolated
compounds of cassava leaves.

Ethanol and acetate extracts of cassava leaves
showed inhibitory activity against a-glucosidase
and a-amylase enzymes in a dose-dependent
manner, with antihyperglycemic potential
through various

Bioguided Optimization
of the Nutrition-Heath,
Antioxidant, and
Immunomodulatory
Properties of Manihot
esculenta (Cassava) Flour
Enriched with cassava
Leaves

(Boukherset al., 2023)

Bioguided comparative study with
regular cassava flour formulation and
cassava flour enriched with 30%
cassava leaf powder, testing the
nutrional content, in vivo glycemic
index, and potential antioxidant and
immunomodulatory activities using
macrophage cultures.

The result obtained showed that the addition of
cassava leaves reduced the glycemic index of
flour bu up to 20% and increased the fiber,
phenolic, carotenoid content as well as
antioxidant and anti — inflammatory activities
significantly, so that flour with cassava leaves is
recommended for the managementt of blood
glucose profiles and inflammation related to
diabetes.

Pearl Leaf (Hedyotis corymbosa)

Screening of Secondary
Metabolite Compounds of
Pearl ~ Grass  Extract
(Hedyotis Corymbosa (L.)
Lamk.) Using GC-MS
Method

(Wijayanti, 2017)

Pearl grass (Hedyotis corymbosa) was
extracted using hexane solvent, then
analyzed using Gas Chromatography—
Mass Spectrometry (GC-MS) to
identify its secondary metabolite
compounds.

GC-MS analysis successfully identified 20
secondary metabolite compounds, including
catechol, camphene, limonene, myrcene, pinene,
camphor, cineole, geraniol, citronellol, gallic
acid, ascorbic acid, B-caryophyllene, B-elemene,
B farnesene, a-selinene, apigenin, kaempferol,
luteolin, catechin, and betulinic acid. The three
compounds with the highest composition were
gallic acid (18.583%), catechin (16.616%), and
geraniol (12.876%). These compounds have
various important biological functions, such as

antidiabetic, antioxidant, antibacterial,
antiinflammatory, anticancer, antitumor,
antileukemic, hepatoprotective, and

immunomodulatory.

Hypoglycemic and
hypolipidemic effects of
Oldenlandia  corymbosa
against alloxan induced
diabetes mellitus in rats

(ELWON et al., 2020)

The plant water extract was
administered to  alloxan-induced
diabetic rats and blood glucose levels
and antioxidant parameters were
measured for 14 days.

The results of the study showed that pearl grass
extract significantly reduced blood glucose
levels, increased antioxidant enzymes, improved
lipid profiles, and showed improvements in
pancreatic structure in diabetic rats.

Evaluation of in vitro
enzyme inhibitory, anti-
inflammatory,
antioxidant, and
antibacterial activities of
Oldenlandia  corymbosa
L. and Oldenlandia
umbellata L. whole plant
extracts

(Divya et al., 2023)

The administration of ethanol and
water extracts was tested in vitro for
the ability to inhibit the enzymes a-
amylase and oa-glucosidase as an
antihyperglycemic mechanism.

Administration of pearl grass extract using
ethanol solvent resulted in significant inhibition
of a-amylase and a-glucosidase with 1C50 close
to  standard  acarbose, and  showed
antihyperglycemic potential.

Botanical
phytochemical
pharmacological
overviews of Oldenlandia
corymbosa Linn.: A brief
review

features,
and

(Das et al., 2019).

In vitro tests using ethanol extracts
from the aerial parts of the
Oldenlandia corymbosa plant and
antidiabetic activity tests through
inhibition of the a-glucosidase
enzyme, which plays a role in the
breakdown of carbohydrates into
glucose.

Ethanol extract of pearl grass showed «
glucosidase inhibitory activity of up to 90%. This
indicates strong potential as an antidiabetic agent
because it inhibits glucose absorption in the
intestine and prevents blood sugar spikes so that
pearl grass has the potential to be developed as
an antihyperglycemic agent.

Noni leaves (Morinda citrifolia)
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Anti Diabetic Effect of (Horsfal et al., 2008)
Fruit Juice of Morinda

Citrifolia (Tahitian Noni

Juice) on Experimentally

Induced Diabetic Rats

Administration of noni to Sprague-
Dawley rats whose diabetes was
induced with alloxan, with periodic
blood sugar level measurements to
evaluate the antihyperglycemic effect.

Preventive administration of noni juice before
and after diabetes induction in rats can reduce
elevated blood glucose levels caused by Alloxan
induced damage to pancreatic beta cells. Noni
juice has potential antihyperglycemic effects,
possibly related to its antioxidant activity and
protection of pancreatic beta cells from oxidative
damage. However, discontinuation
administration hyperglycemia. resulted of in a
the return juice of

One Plant, Many Uses: A (Torres et al., 2017)
Review of the

Pharmacological

Applications of Morinda

citrifolia

In vivo experiments with the
administration of ethanol extract of
noni leaves (Morinda citrifolia) to
streptozotocin-induced diabetic rats,
then analyzed for biochemical
parameters,  histopathology, and
antioxidant activity.

The results of the study showed that noni leaf
extract (Morinda citrifolia) was able to reduce
blood glucose levels, repair histological damage
to the pancreas, and increase antioxidant
capacity, thus having the potential to be a natural
antidiabetic agent.

Biochemical evaluation of (Mahadeva
antihyperglycemic ~ and Subramanian, 2009)
antioxidative effects of

Morinda citrifolia fruit

extract studied in

streptozotocin induced

diabetic rats

&The method used in this journal is by
administering ethanol extract of
Morinda citrifolia fruit (300 mg/kg
BWo/day orally) to male Wistar rats
induced  with  diabetes  with
streptozotocin for 30 days, then
biochemical parameters were
analyzed (blood glucose, hemoglobin,
HbAlc, plasma insulin, urea,
creatinine, liver enzymes, and
enzymatic and non-enzymatic
antioxidant status).

The results of the study showed that noni fruit
extract significantly reduced blood glucose
levels, HbAlc, urea, creatinine, and improved
insulin levels, hemoglobin, total protein, liver
enzyme activity, and increased antioxidant
status, thus having  antihyperglycemic,
antioxidant, and hepatoprotective effects on
diabetic rats.

Cassava (Manihot (Mohidin et al., 2023)
esculenta): A Systematic
Review Pharmacological

Systematic review by analyzing
various studies related to the
pharmacological activity of cassava

The research results show that cassava has
various pharmacological potentials, including
anticancer, anti-inflammatory, hepatoprotective,

for the Activities, plants (Manihot esculenta Crantz). antidiabetic, immunomodulatory, antioxidant
Traditional Uses, activities.

Nutritional Values, and

Phytochemistry

Determination of Toxicity (Bautista et al., 2025) Oral administration of plant extractsto Oral administration of Manihot esculenta

and Hypoglycemic Effect
in  Alloxan  induced
Diabetic Mice of Manihot
esculenta Crantz (Fam.
Euphorbiaceae) Aqueous
Crude Leaf Extract and its
Fractions

mice induced with diabetes, then
measuring blood glucose levels and
other biochemical parameters to
evaluate the hypoglycemic effect

(cassava) leaf water extract to streptozotocin
nicotinamide-induced diabetic mice significantly
reduced blood glucose levels.

Papaya leaf extract (Carica papaya.) is widely

used by some people as a natural medicine because it

is known to have many benefits  for body
health. Table
1.Explaining that papaya leaf extract

positively contains alkaloids, flavonoids, phenolics,
tannins, saponins, steroids and triterpenoids. This is
confirmed by research According to research
(Airaodion et al., 2019) papaya leaves are known to
contain various bioactive compounds that can

increase total antioxidant capacity in the blood and

The

antihyperglycemic effect of papaya leaf extract is

reduce lipid peroxidation levels.
thought to originate from the content of bioactive
compounds such as flavonoids, alkaloids, and other
phenolic compounds that have antioxidant activity
and can inhibit carbohydrate hydrolyzing enzymes
(a-amylase and a-glucosidase) in the digestive tract,
thereby slowing glucose absorption and reducing
post-meal blood sugar disorders. According to
research (Nyakundi & Yang, 2023) in addition to

playing a role in lowering glucose levels. This extract
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is able to stimulate increased insulin production in
pancreatic cells while protecting beta cells from
damage triggered by diabetes. In test animals,
especially diabetic rats, papaya leaves have been
shown to significantly reduce blood sugar levels.

Noni leaf extract (Morinda citrifolia) contains
various bioactive compounds such as flavonoids
(quercetin, kaempferol) which have antioxidant, anti-
inflammatory, analgesic, and antidiabetic properties
(Shashikumar et al., 2022). According to research (de
Oliveira Fernandes et al.,, 2023) Noni extract
(Morinda citrifolia L.) shows antihyperglycemic or
antidiabetic effects as shown by a significant decrease
in blood glucose levels in streptozotocin (STZ)-
induced diabetic rats after chronic supplementation
for 60 days, reducing blood triglyceride levels of
diabetic rats to near normal conditions. In addition, it
improves insulin resistance as measured by the TyG
index (triglyceride-glucose index). According to
research (Muema et al.,, 2023). Cassava extract
(Manihot Esculenta) in phytochemical studies shows
that cassava leaf extract contains bioactive
compounds such as flavonoids and phenolics that
play a role in antidiabetic activity. Ethanol and
acetone extracts of cassava leaves have been shown
to exhibit antihyperglycemic activity by significantly
inhibiting a-glucosidase and a-amylase enzymes in in
vitro tests, which contribute to controlling blood
glucose levels by slowing down carbohydrate
digestion.

According to research (Atmarani, RE, &
Sulistyani, 2025), pearl grass extract (Hedyotis
corymbosa L.) has high flavonoid content and
antioxidant activity, which can contribute to
antihyperglycemic or antidiabetic effects. Through

the fermentation process with lactic acid bacteria, the

total flavonoid content and antioxidant activity of the
polyherbal extract containing pearl grass increased
significantly, which is believed to help reduce blood

glucose levels and improve metabolic health.

4 CONCLUSIONS

Based on the results of phytochemical
screening and literature review, ethanol extracts of
papaya leaves (Carica papaya), noni leaves (Morinda
citrifolia), cassava leaves (Manihot esculenta), and
pearl grass (Hedyotis corymbosa) have been shown to
contain various bioactive compounds, such as
flavonoids, alkaloids, phenolics, tannins, saponins,
steroids, and triterpenoids. These compounds have
antioxidant and antidiabetic activities that play a role
in lowering blood glucose levels through the
mechanism of inhibiting carbohydrate digestive
enzymes, increasing insulin secretion, and protecting
pancreatic B cells from damage due to oxidative
stress. Thus, these four local leaf extracts have great
natural

potential to be developed as

antihyperglycemic  agents that support the
management of diabetes mellitus while preventing
complications through antioxidant activity. However,
further research, especially in vivo and clinical trials,
is still needed to determine the optimal dosage, safety,

and effectiveness in long-term use.

5 REFERENCES

Agustina, E. (2017). Uji aktivitas

antioksidan dari ekstrak daun Tiin (ficus

senyawa

carica linn) dengan pelarut air, metanol dan
campuran metanol-air. Jurnal Klorofil, 1(1),
38-47.

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

Airaodion, A. I., Ogbuagu, E. O., Ekenjoku, J. A,

Ogbuagu, U., & Okoroukwu, V. N. (2019).
Antidiabetic effect of ethanolic extract of
Carica papaya leaves in alloxan-induced
diabetic rats. American Journal of Biomedical
Science & Research, 5(3), 227-234.

Ajayi, E. I. O., Modo, E. U., Adebamowo, A. O.,

Banerjee, U. C., Tewe, O. O., & Olorunsogo,
O. 0. (2016). Inhibitory activity of ethanol
extract of Manihot esculenta on mitochondrial
membrane permeability transition pore and
caspase 3 in type 2 diabetes mellitus. Int J
Biochem Res Rev, 9(4), 1-10.

Aljufri, A. Q., Damayanti, K., & Fasikha, F. (2024).

Aktivitas Antidiabetes Ekstrak Etanol Daun
Singkong (Manihot utilissima Pohl.) pada
Tikus yang Diinduksi Insulin Kerja Panjang:
Antidiabetic Activity of Ethanolic Extract of
Cassava (Manihot utilissima Pohl.) Leaves in
Long Acting Insulin- Induced Rats. Jurnal
Sains dan Kesehatan, 6(3), 458-463.

hyperglycemic albino rats. International
Research Journal of Biochemistry and
Bioinformatics, 3(2), 37-43.

Bautista, C. M. S., Amante, B. M., & Ruamero Jr, E.

C. (2025). Determination of Toxicity and
Hypoglycemic Effect in Alloxan-induced
Diabetic Mice of Manihot esculenta Crantz
(Fam. Euphorbiaceae) Aqueous Crude Leaf
Extract and its Fractions. Acta Medica
Philippina, 59(5), 65-74.

Bautista, C. M. S., Amante, B. M., & Ruamero Jr, E.

C. (2025). Determination of Toxicity and
Hypoglycemic Effect in Alloxan-induced
Diabetic Mice of Manihot esculenta Crantz
(Fam. Euphorbiaceae) Aqueous Crude Leaf
Extract and its Fractions. Acta Medica
Philippina, 59(5), 65-74.

Boukhers, 1., Domingo, R., Septembre-Malaterre, A.,

Antih, J., Silvestre, C., Petit, T., ... &
Poucheret, P. (2024). Bioguided optimization

of the nutrition-health, antioxidant, and

Atmarani, R. E., & Sulistyani, N. (2025). Fermentasi

Poliherbal TBR Terhadap Kandungan esculenta (cassava)  flour  enriched

immunomodulatory properties of Manihot

Flavonoid Total dan Aktivitas Antioksidan with cassava leaves.

Serta Berat Badan Secara In Vivo. Journal of Nutrients, 16(17), 1-22.

Syntax Literate, 10(3), 3273-3287. Damayanti, V. D., Wahyu, S., Gayatri, S. W., &
Bakri, A. H., Bamahry, A., Pratama, A. A,, Bima, I. Yanti, A. K. E. (2022). Perbandingan

H., & Yanti, A. K. E. (2023). Relationship
between Age, Gender and Body Mass Index
(BMI) with HbAlc Levels at lbnu Sina
Hospital Makassar. Fakumi Medical Journal:
Jurnal Mahasiswa Kedokteran, 3(9), 677-684.

Bamisaye, F. A., Odutuga, A. A., Minari, J. B., Dairo,

J. 0., Oluba, O. M., & Babalola, L. J. (2013).
Evaluation of hypoglycemicand toxicological

effects of leaf extracts of Morinda lucida in

Pemberian Ekstrak Daun Pepaya (Carica
Papaya L) dan Metformin terhadap Penurunan
Kadar Glukosa Darah pada Mencit (Mus
Musculus) yang Diinduksi Aloksan. Fakumi
Medical ~ Journal:  Jurnal ~ Mahasiswa
Kedokteran, 2(10), 678-686.

Das, S., Mondal, N., Mondal, S., Ghosh, P., Ghosh,

C., Das, C., ... & Sirshendu Chatterjee, C.
(2019). Botanical ~ features, phytochemical

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



and pharmacological overviews  of
Oldenlandia corymbosa Linn.: A brief review.
The Pharma Innovation Journal, 8(2), 464-
468.

de Oliveira Fernandes, D., César, F. G., Melo, B. P.,

Branddo, J. D. S. F., Dos Santos, K. J., de
Andrade, M. T., ... & Bohnen Guimard&es, J.
(2023). Chronic supplementation of noni in
diabetic type 1-STZ rats: effects on glycemic
levels, kidney toxicity and exercise
performance. Diabetology & Metabolic
Syndrome, 15(1), 1-11.

Divya, M., Shanti, G., Amalraj, S., Amiri-Ardekani,

E., Gurav, S., & Ayyanar, M. (2023).
Evaluation of in vitro enzyme inhibitory, anti-
inflammatory, antioxidant, and antibacterial
activities of Oldenlandia corymbosa L. And
Oldenlandia umbellata L. whole plant
extracts. Pharmacological Research-Modern
Chinese Medicine, 8, 100286.

ELWON, C. A. M., SHAH, M. D., & IQBAL, M.

(2020). Hypoglycemic and hypolipidemic
effects of Oldenlandia corymbosa against
alloxan induced diabetes mellitus in rats. Int J
Pharm Pharm Sci, 12, 34-40.

Fakeye, T. O., Oladipupo, T., Showande, O., &

Ogunremi, Y. (2007). Effects of
coadministration of extract of Carica papaya
Linn (family Cariaceae) on activity of two oral
hypoglycemicagents. Tropical Journal of
Pharmaceutical Research, 6(1), 671-678.

Horsfal, A. U., Olabiyi, O. A., Osinubi, A. A,

Noronha, C. C., & Okanlawon, A. O. (2008).
Anti diabetic effect of fruit juice of Morinda
citrifolia  (Tahitian Noni  Juice®) on

experimentally induced diabetic rats.

The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

Nigerian Journal of Health and Biomedical
Sciences, 7(2), 34-37.

Irawan, H., Syera, S., Ekawati, N., & Tisnadjaja, D.

(2020). Pengaruh proses maserasi dengan
variasi konsentrasi pelarut etanol terhadap
kandungan senyawa ekstrak daun pepaya
(Carica papaya L.) dan daun ubi jalar ungu
(Ipomoea batatas L. Lam). Jurnal Ilmiah
Manuntung, 6(2), 252-264.

Laelatunisa, N., Rizky, N., Arum, R., & Anggriani,

R. (2019). Efek Penambahan Sari Buah
Mengkudu  (Morinda citrifolia L.) pada
Roti Tawar terhadap Kadar Glukosa Darah
Pada Tikus yang Diinduksi Aloksan.
Food Technology and Halal Science Journal,
2(2), 200-208.

Laya, A., Koubala, B. B., & Negi, P. S. (2022).

Antidiabetic (a-amylase and o- glucosidase)
and anti- obesity (lipase) inhibitory activities
of edible cassava (Manihot esculenta Crantz)
as measured by in vitro gastrointestinal
digestion: Effects of phenolics and harvested
time. International Journal of Food Properties,
25(1), 492-508.

Mahadeva Rao, U. S., & Subramanian, S. J. M. C. R.

(2009). Biochemical evaluation  of
antihyperglycemic and antioxidative effects of
Morinda citrifolia fruit extract studied in
streptozotocin-induced diabetic rats.
Medicinal Chemistry Research, 18(6), 433-
446.

Mangallo, B., Putra, A. B. P., & Pulung, M. L. (2019).

Uji Aktivitas  Antidiabetes Dengan Metode
Penghambatan Enzim a- Glukosidase dan
Karakterisasi Kandungan Senyawa Aktif pada
Fraksi Metanol dan Kloroform Daun Lavetar

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

(Wedelia biflora (L).DC) Asal Biak. Jurnal
Natural, 15(1), 21-29.
& Bhixavatimath, P.

Maniyar, Y., (2012).

Antihyperglycemic  and  hypolipidemic
activities of aqueous extract of Carica papaya
Linn. leaves in alloxan-induced diabetic rats.
Journal of Ayurveda and
medicine, 3(2), 70-74.

Mohidin, S. R. N. S. P., Moshawih, S., Hermansyah,
A., Asmuni, M. I, Shafgat, N., & Ming, L.
C. (2023). Cassava (Manihot esculenta

integrative

Crantz): A systematic review for the

pharmacological activities, traditional uses,

nutritional values, and phytochemistry.

Evidence-based
Medicine, 28, 1-26.

Mohidin, S. R. N. S. P., Moshawih, S., Hermansyah,
A., Asmuni, M. I., Shafgat, N., & Ming, L.

C. (2023). Cassava (Manihot esculenta

Journal  of integrative

Crantz): A systematic review  for the

pharmacological activities, traditional uses,

nutritional values, and phytochemistry.

Evidence-based
Medicine, 28, 1-26.

Muema, F. W., Nanjala, C., Oulo, M. A, &
Wangchuk, P. (2023). Phytochemical content

and antidiabetic properties of most commonly

Journal  of integrative

used antidiabetic medicinal plants of Kenya.
Molecules, 28(20), 1-26.

Muema, F. W., Nanjala, C.,, Oulo, M. A, &
Wangchuk, P. (2023). Phytochemical content
and antidiabetic properties of most commonly
used antidiabetic medicinal plants of Kenya.
Molecules, 28(20), 1-26.

Musfiroh, 1., Syifa, K. A., & Muhtadi, A. (2020). Uji
Antidiabetes Fraksi Air, Etil Asetat Dan n-

heksan Buah Mengkudu (Morinda citrifolia
L.) Pada Tikus Putih Metode Induksi Aloksan.
Jurnal Farmasi Galenika, 7(2), 60-70.
Ngadiran, S., Yahayu, M., Hanapi, S. Z., Yusoff, I.
M., Mat Sarip, S. H., Abd Malek, R,
Mohamad, M. F., Low, H. H., Er Kian, K,
& El Enshasy, H. A.(2021).

Oldenlandia genus: A review of traditional

Hedyotis-

Chinese medicine herb. Bioscience Research,
18(4), 2830-2844.

Nyakundi, B. B., & Yang, J. (2023). Uses of Papaya
Leaf and Seaweed Supplementations for
Controlling Glucose Homeostasis in
Diabetes. International journal of molecular
sciences, 24(7), 1-15.

Ogundele, A. V. Otun, K. O., Ajiboye, A.
Olanipekun, B. E., & lbrahim, R. B. (2017).
Anti-Diabetic Efficacy and Phytochemical
Screening of Methanolic Leaf Extract of
Pawpaw (Carica papaya) Grown in North
Central Nigeria. Journal of the Turkish
Chemical Society Section A: Chemistry, 4(1),
99-114.

Okoro, 1. O. (2020). Two extracts from manihot
esculenta leaves efficiently inhibit a-
glucosidase and a-amylase: A new approach
for the management of diabetes. Iranian
Journal of Toxicology, 14(3), 131-138.

Okoro, 1. O. (2020). Two extracts from manihot

inhibit  o-

glucosidase and a-amylase: A new approach

esculenta leaves efficiently

diabetes.  Iranian
Journal of Toxicology, 14(3), 131-138.
Ramayani, S. L., Permatasari, E. A., Novitasari, I., &
(2021). Pengaruh Metode
Ekstraksi Terhadap Kadar Total Fenolik,

for the management of

Maryana, M.

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

Kadar Total
Antioksidan

Aktivitas
Mengkudu

Flavonoid Dan

Ekstrak  Daun
(Morinda citrifolia L.). Jurnal llmu Farmasi
dan Farmasi Klinik, 18(01), 40-46.

Ramayani, S. L., Permatasari, E. A., Novitasari, I., &
Maryana, M. (2021). Pengaruh Metode
Ekstraksi Terhadap Kadar Total Fenolik,
Kadar Total Aktivitas
Antioksidan

Flavonoid Dan

Ekstrak  Daun
(Morinda citrifolia L.). Jurnal llmu Farmasi
dan Farmasi Klinik, 18(01), 40-46.

Rislianti, D., Wulandari, A., & Dewi, NP (2022). Uji
Efek Ekstrak Daun Mengkudu terhadap
Penurunan Glukosa Darah yang Diinduksi

pada Tikus Putih.
Farmakologi: Jurnal Farmasi , 19 (1), 1-13.

Rohman, A., Riyanto, S., & Utari, D. (2006).
Antioxidant activities, total phenolic and

Mengkudu

Streptozotocin

flavonoid contents of ethyl acetate extract of
Mengkudu (Morinda citrifolia L.) fruit and its

fractions. Majalah Farmasi Indonesia, 17(3),

136-142.
Rustiani, E., Rachminiwati, M., & Suryani, L. (2017).
Efektivitas Antihiperglikemia Tablet

Campuran Ekstrak Daun Pepaya Dan Daun
Salam Pada Tikus Sprague Dawley. Jurnal
Fitofarmaka Indonesia, 4(2), 219-225.
Rustiani, E., Rachminiwati, M., & Suryani, L. (2017).
Efektivitas Tablet
Ekstrak Daun Pepaya Dan Daun

Antihiperglikemia
Campuran
Salam Pada Tikus Sprague Dawley. Jurnal
Fitofarmaka Indonesia, 4(2), 219-225.

Santi, S. R., Sukadana, 1. M., & Paramitha, N. W. 1.
(2020). Potensi Ekstrak Kulit Batang Buni

Untuk

Menurunkan Kadar Glukosa Darah Tikus

(Antidesma bunius L. Spreng)

Wistar Hiperglikemia. Jurnal Kimia
(Journal of Chemistry), 14(1).

Sari, R. M., Rita, R. S., & Anas, E. (2018). Pengaruh
pemberian isolat katekin gambir (Uncaria

Roxb)

testosteron dan jumlah spermatozoa tikus

gambir terhadap kadar hormon

rattus norvegicus  jantan  hiperglikemia.
Jurnal Kesehatan Andalas, 7, 6-9.

Shashikumar, P., Nisha, S., Das, D., Debanth, K.,
Kanthal, L. K., & Pattanayak, S. (2022). Effect
of Morinda citrifolia L. mouthwash  on

periodontal health in type 2 diabetes mellitus

patients— A randomized controlled trial.

International Journal of Nutrition,
Pharmacology, Neurological Diseases, 12(1),
7-13.

Sobia, K., Javaid, M. A., Ahmad, M. S. Rehmatullah,
Q., Hina, G., Iram, B., ... & Gulfraz, M.
(2016). Assessments of phytochemicals and
hypoglycemic activity of leaves extracts of
Carica papaya in diabetic mice. International
Journal of Pharmaceutical Sciences and
Research, 7(9),1001-1007.

Soemardji, A. A., Anisa, I. N., & Damayanti, N. A.
(2015). Study on Rumput Mutiara (Hedyotis
corimbosa) herbs as medicine. Journal of
Medicine and Health, 1(2),187-199.

Torres, M. A. O., de Fatima Braga Magalhdes, .,
Mondégo- Oliveira, R., de S4, J. C., Rocha, A.
L., & Abreu- Silva, A. L. (2017). One plant,
many uses: A review of the pharmacological
applications of Morinda citrifolia.
Phytotherapy Research, 31(7), 971-979.

Wahyuni, W. T., Pitria, L. K. D., & Rahmat, A.
(2018).

antioksidan ekstrak daun kenikir (Cosmos

Analisis kadar flavonoid dan

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



The 4™ International Conference on Sustainable Health Promotion (ICOSHPRO)

caudatus), rumput mutiara  (Oldenlandia Medical Profession Journal of Lampung,
corymbosa), dan sirsak (Annona muricata) 13(3), 379-386.
dengan teknik spektrometri. Analit: Analytical Zakaria, N., Sari, A., Fauziah, F., & Handayani, R.
and Environmental Chemistry, 3(1). (2024). Efek Antidiabetes Infusa Daun Pepaya
Wang, R., Zhang, L., Zhang, Q., Zhang, J,, Liu, S, Jepang (Cnidoscolus aconitifolius Mill.) Pada
Li, C., & Wang, L. (2022). Glycolipid Mencit (Mus musculus L.) Jantan dengan
metabolism and metagenomic analysis of Metode Tes Toleransi Glukosa. Jurnal Sains
the therapeutic effect of a phenolics-rich dan Kesehatan Darussalam, 4(1), 22-29.

extract from noni fruit on type 2 diabetic mice.
Journal of Agricultural and Food Chemistry,
70(9), 2876-2888.

Warditiani, N. K., Larasanty, L. P. F., & Damanik, I.
(2015). Pengaruh ~ Pemberian Ekstrak
Etanol 70% Daun Singkong (Manihot
utilissima pohl) Terhadap Kadar Gula Darah
Mencit Jantan Galur balb/c yang Diinduksi
Aloksan. Jurnal Farmasi Udayana, 4(1), 61-
64.

Warditiani, NK, Larasanty, LPF, dan Damanik, I.
(2015). Pengaruh Pemberian Ekstrak Etanol
70% Daun Singkong (Manihot utilissima
Pohl) terhadap Kadar Gula Darah Mencit
Jantan Galur Balb/C yang Diinduksi Aloksan.
Jurnal Farmasi Universitas  Udayana,
4(1), 61-64.

Wijayanti, T. (2017). Penapisan senyawa metabolit
sekunder ekstrak rumput mutiara (Hedyotis
corymbosa (L.) Lamk.) dengan metode GC-
MS. Florea:  Jurnal Biologi dan
Pembelajarannya , 4 (1), 24-35.

Wiyanti, Z. O., Rusdiansyah, A. H., Susianti, S., &
Oktarlina, R. Z. (2023). The Effect Of Ethanol
Extract Of Pearl Grass (Hedyotis Corymbosa
L.) On Liver Histopathology In White Rats
(Rattus norvegicus) Male Sprague dawley

Strain Induced By Rifampicin And Isoniazid.

Faculty of Psychology and Health, UIN Sunan Ampel Surabaya, 16 September 2025



