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Abstract. Walean M, Melpin R, Rondonuwu M, Pinontoan KF, Maliangkay HP, Astriani M. 2020. Phytochemical screening and
biological activities of pakoba (Syzygium luzonense) stem bark ethanol extract. Biodiversitas 21: 2377-2382. Pakoba (Syzygium
luzonense (Merr.) Merr) as an endemic and ethnomedical plant of North Sulawesi was investigated for its phytochemical constituents
and biological activities. The presence of phytochemicals constituents, antibacterial, antioxidant activities, and antihyperglycemic of
pakoba stem bark ethanolic extract (PSBEE) were also investigated. Pakoba stem bark was extracted using ethanol. The extracts were
evaluated for antimicrobial activity using the Kirby Bauer method, whereas antioxidant activity was determined by using 1,1-diphenyl2-picrylhydrazyl radical scavenging assay. Alloxan-induced diabetic rats investigation was used to determine the antihyperglycemic
activity. The phytochemical analysis revealed that tannins, alkaloids, and flavonoids were present in PSBEE. PSBEE has potent
antioxidant activity with antioxidant activity index = 1.02. PSBEE significantly reduced the blood sugar of hyperglycemic rats with an
optimum dose of 300 mg/kgbw. In this study, PSBEE has weak antibacterial activity against in Escherichia coli and Staphylococcus
aureus.
Keywords: Antibacterial, antihyperglycemic, antioxidant, bioactivities, pakoba, Syzygium luzonense

INTRODUCTION
Indonesia is one of 17 countries in the world with a
megadiversity (Convention on Biological Diversity 2018).
This potential biodiversity must not only be developed and
utilized, but also more attention should be given to its
sustainability aspects. In this decade, exploration of the
natural product is still a trend for researchers worldwide.
Decades of research have found many compounds from
plants as source of new drugs (Ramadhan et al. 2019).
Bioactive exploration of plants is still the focus of
world researchers by finding plant chemical compounds
that possess pharmacological potentials. This is supported
by the ability of plants to produce secondary metabolites
called phytochemicals. Phytochemicals are defined as
nonnutritive, naturally occurring biologically active,
chemically derived compounds found in plant kingdoms
(Alasalvar et al. 2009).
Pakoba is one of North Sulawesi's endemic plants,
which has several local names, namely Kowal, Lemes,
Pakowa or Pakuwa, and Pakoba. Ethnomedically, pakoba
stem bark has been used by local people for the treatment
of diabetes, as a medication after childbirth, drugs for
kidney disease, and stomachache.
Several studies have led to a result that the
administration of ethanol extract from pakoba bark toward
urolithiasis rats can improve glomerular cell damage due to
the administration of ethylene glycol (Walean et al. 2018).

Initial phytochemical analysis showed that ethanol extract
of pakoba bark contains tannin, alkaloid, and saponin
(Kinho et al. 2011).
Until currently, there has been lack of research on
pakoba bioactivity. Previous studies have reported the
ability of bioactivity of Syzygium species. Polyphenol
extract
from
S.
cumini
leaves
can
inhibit
acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) in alloxan-induced diabetic mice (Ajiboye et al.
2018a). Singh et al. (2018) succeeded in isolating the
mycaminose compound from S. cumini and succeeded in
reducing the blood sugar of streptozotocin-induced white
rats. Moreover, Syzygium cumini seeds also have the
potential to inhibit α-amylase, α-glucosidase, and
dipeptidyl peptidase-IV (DPP-IV) enzymes (Syama et al.
2018). Antihyperglycemic activity in other Syzygium
species is demonstrated by S. polyanthum. S. polyanthum
infusion extract can reduce the blood sugar level of white
rats, induced by alloxan (Widharna et al. 2015).
The genus Syzygium is rich in bioactive compounds as
antioxidants. Research conducted by El-Maati et al. (2016)
reported that S. aromaticum ethanol extract has high
antioxidant activity. The methanol extract of S. polynthum
leaves has antioxidant potential (Hidayati et al. 2017).
Syzygium cumini seeds are also reported to have a high
antioxidant activity and potential as antibacterial (Kumar et
al. 2017). Furthermore, seeds of S. cumini can be used as a
good source of antioxidant and antibacterial (Sharma et al.

2378

B I O D I V E R S I T A S 21 (6): 2377-2382, June 2020

2017). Oil from the leaves of S. lanceolatum is also
reported to have high antioxidant activity (Muthumperuma
et al. 2016).
We believe that the human resources and ethnomedical
knowledge of North Sulawesi's endemic plants will be the
basis for the development of raw materials for natural
herbal medicines by utilizing local resources. Until
recently, there has been a lack of information about the
potential bioactivity of pakoba and the content of chemical
compounds contained therein. This study aimed to inquire
about the biological activities and to perform phytochemical
screening of pakoba stem bark ethanol extract. The results
of this study expected to new antidiabetic drugs from the
stem bark ethanol extract of pakoba.

MATERIALS AND METHODS
Plant materials and chemicals
Materials used in this research were pakoba stem bark
was obtained from natural sources in the Minahasa region,
distilled water, ethanol (Merck, SG), alloxan monohydrate
(Sigma-Aldrich, SG), glibenclamide (Kimia Farma, ID),
methanol (Merck, SG), 2,2-diphenyl-1-picryl hydazy
(DPPH) (Sigma-Aldrich, SG), ascorbic acid (Merck, SG),
Escherichia coli strain ATCC 25922 and Staphylococcus
aureus strain ATCC 25923, Mueller Hinton Agar (MHA)
(Oxoid, UK), nutrient broth (Merck, SG).
Procedures
Extraction and phytochemical analysis
Pakoba stem bark was cleaned and then dried while
protected from sunlight. It was, then ground into powder.
Maceration was carried out for three days in an incubator
shaker (Biosan, LV) at 25oC. The maceration results were
then filtered and evaporated using a rotary evaporator
(Heidolph, DE) with a temperature of 40oC and a pump
pressure of 175 mbar by the instrument’s protocol.
Alkaloid tests were carried out using three alkaloid
reagents; Dragendorff, Meyer, and Wagner reagent. A
flavonoid test was performed following the adapted
Shinoda method. Saponin test was performed using a foam
test and tannin test by adding a 5% FeCl3 solution to the
sample.
Antibacterial assay
The bacteria were cultured in a nutrient broth for 24
hours at 37°C before testing. The turbidity of the tested
bacteria was measured using the 0.5 McFarland standard
(Situmeang et al. 2019). Two hundred microliters of
bacterial suspensions were applied spread onto the MHA.
Antibacterial testing was performed following the Kirby
Bauer method. Twenty microliters samples with
concentrations according to the treatment were dripped
onto paper discs on the media then placed on the test media
and incubated for 24 hours at 37°C under aerobic
conditions. After 24 hours, the diameter of the inhibition
zone around the disk observed and measured using a digital
micrometer in millimeter unit. PSBEE was diluted with
distilled water with final concentration of 0.1%, 0.3%,

0.5%, 1%, 2%, 5%, 10%, 30%, 50%, and cefadroxil 100
mg/L as a positive control. The observation indicator was
the amount of PSBEE growth diameter inhibition of E. coli
and S. aureus.
Antioxidant assay
DPPH method as described by Hidayati et al. (2017)
was used. The absorbance of the test solution was
measured using a UV-Vis spectrophotometer (ParkinElmer, US) at a wavelength of 517 nm (Alhabsyi et al.
2014; El-Maati et al. 2016).
Antihyperglycemic assay
Wistar rat weighted around 150-200 gr, was
acclimatized for 2 weeks in their homes cages. Rats were
kept in room condition, each 12 hours dark and light
cycles. Feeding and drinking water were provided adlibitum with reference to standard feed. Except for the
regular control group, the other group was given an
injection of alloxan monohydrate according to Adeoye et
al. (2017) with a slight modification (120 mg/kgbw,
dissolved in 0.2 mL NaCl) intraperitoneally (i.p). Blood
sugar measurement was performed using a glucometer
(Roche, CH) three days after alloxan is injected. Rats with
blood glucose levels of >200 mg/dL were included in a
further trial for 21 days. Group I was allocated as the
normal rats, group II was the hyperglycemic rats and did
not receive any treatment as an alloxan control, group III
was the hyperglycemic rats that received glibenclamide as
much as 5 mg/kgbw, while groups IV dan V was
hyperglycemic rats were treated with PSBEE 150 and 300
mg/kgbw orally, and lasted for 21 days (Maliangkay et al.
2018).

RESULTS AND DISCUSSION
Phytochemical analysis
Extraction process obtained 24.5 gr PSBEE with red
color and distinctive aroma of pakoba bark. The results of
the phytochemical analysis of PSBEE can be seen in Table 1.
Phytochemical test results show that the ethanol
extracts from S. myrtifolium plants contain alkaloids,
flavonoids, triterpenoids, and saponins (Haryati et al. 2015;
Banerjee and Aziz 2018). The results of the Syzygium
phytochemical test showed some similarities to the study of
Kinho et al. (2011), which also contained alkaloids,
flavonoids, and tannins. Syzygium cumini contains
alkaloids, phenolics, and terpenoids (Sudarmi et al. 2017).
Evendi (2017) reported that the methanol extract of S.
polyanthum contained alkaloids, flavonoids, saponins, and
tannins.
Table 1. Results of Phytochemical analysis of PSBEE
Compound group
Alkaloid
Flavonoid
Saponin
Tanin

Results
++
++
+++
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Table 2. Minimal inhibitor zone formed
Concentration (%)
0.1
0.3
0.5
1
2
5
10
30
50
Cefradokxyl 100 mg/L

Inhibition zone (mm)
E. coli
S. aureus
0.1 ± 0.003
0
0.29 ± 0.004
0
0.4 ± 0.003
0.2 ± 0.01
0.5 ± 0.003
0.47 ± 0. 057
0.7 ± 0.003
0.51 ± 0.01
1.22 ± 0.008
0.53 ± 0.06
1.71 ± 0.005
0.83 ± 0.06
1.92 ± 0.007
1.03 ± 0.06
2.16 ± 0.17
1.37 ± 0.47
4.55 ± 0.22
9.07 ± 0.13

Antibacterial assay
PSBEE was inhibited the growth of E. coli and S.
aureus (Table 2) with minimal inhibition zones formed.
The measured inhibition zone formed was low however,
the inhibition zone was observed to get increase as the
concentration is increased. The highest inhibition zone
formed was at a level of 50%, which was obtained with an
average inhibition zone of 2.16 mm against E. coli and 1.37
mm against S. aureus respectively (Table 2). The results of
the PSBEE antibacterial activity test against E. coli and S.
aureus can be seen in Table 2.
This is the first report on the antibacterial activity test
of PSBEE endemic to North Sulawesi. Previous studies
reported that several Syzygium plant species have
antibacterial activity properties (Mawan et al. 2018). S.
polyanthum infusion extract of antibacterial exhibited
activity against Bacillus cereus, Salmonella thypi,
Trichophyton mentagrophytes, and Candida albicans
(Kusuma et al. 2011) and the methanol extracts from S.
polyanthum fruit have antibacterial activity against E. coli
(Mawan et al. 2018). Fitri et al. (2017) reported that the
ethanol extract of S. polyanthum leaves has antibacterial
activity against Shigella dysenteriae. Several other
Syzygium species were reported to have antibacterial action
such as the ethanol, ethyl acetate and water extracts from S.
cumini can inhibit the growth of E. coli, Salmonella typhi,
Pseudomonas aeruginosa, and S. aureus (Kaur et al. 2017;
Mohamed, Ali and El-Baz 2013; Shafi et al. 2002).
Methanol and water extracts in S. jambolanum has been
reported to inhibit the growth of several Salmonella
typhimurium, Pseudomonas aeruginosa, Klebsiella
pneumoniae, E. coli, Bacillus subtilis, S. aureus
(Chandrasekaran and Venkatesalu 2004; Mohanty and
Cock 2010). Moreover, it has been shown that the leaf
extract of Syzygium jambos L. is potent against the
pathogenic Propionibacterium acnes (Sharma et al. 2013b).
Djoukeng et al. (2005) reported that the leave extracts of S.
guineense have significant antibacterial activity against E.
coli, Bacillus subtilis dan Shigella sonnei.
The antibacterial strength of the extracts was
determined by the size of inhibition zone formed.
Antibacterial activity can be classified into four categories
according to its inhibition zone: (≥20 mm, 10-20 mm, 5-10
mm) as very strong, strong, moderate, and weak
respectively (Lingga et al. 2016). The inhibition activity
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criteria of PSBEE has weak inhibition activity because the
inhibition zone produced ≤5 mm.
The ability of an extract to inhibit microbial growth
depends on the phytochemical content of the extract.
Although classified as weak PSBEE, it can inhibit the
growth of E. coli and S. aureus. Yet, it still remains a
question of what was the mechanism of bacterial inhibition
by antibacterial compounds contained in PSBEE. Several
studies have reported that the content of alkaloids,
flavonoids, and tannins in the genus Syzygium can inhibit
the growth of pathogenic bacteria such as methanol extract
of S. cumini leaves (Banerjee and Aziz 2018; Kaur et al.
2017). The content of flavonoid compounds in S.
aromaticum can inhibit bacterial growth by deformation
cell membrane and cell wall (El-Maati et al. 2016). Ajiboye
et al. (2016) reported the antibacterial mechanism of
Syzygium aromaticum by increasing superoxide radicals in
bacterial cell membranes
Antioxidant assay
The DPPH method was most commonly used to test the
antioxidant activity of samples in vitro, which benefits
from its simple and fast process. The principle of the DPPH
method is the interaction of antioxidants with free radicals
from DPPH so that DPPH free radicals will form stable
DPPH compounds. If all of the electrons in the DPPH free
radical become pairs, the color changed from dark purple to
yellow (Tukiran et al. 2018). Data percentage inhibition
values can be seen in Table 3.
The antioxidant activity of the DPPH method is
expressed by 50% Inhibition Concentration or IC50, which
shows the sample concentration that can inhibit DPPH
activity by as much as 50% (Sulistiany et al. 2016).
Antioxidant activity can also be seen from the calculation
of the value of the antioxidant activity index (AAI), which
was obtained from the comparison between the
concentration of DPPH solution and IC50 concentration of
the sample. Antioxidant activity was based on the AAI
value, indicated to be weak if the AAI value <0.5,
moderate antioxidant activity 0.5-1, strong antioxidant
activity 1-2, and very strong antioxidant activity> 2.

Table 3. Percentage of radial inhibition of DPPH PSBEE and
ascorbic acid
Sample

PSBEE

ascorbic acid

Concentration
(ppm)
50
75
100
150
200
250
10
12
16
20

% Inhibition
37.28
45.88
52.5
60.88
69.78
85.07
26.21
28.57
43.33
50.48
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IC50 PSBEE value base on calculation results is 98,063
ppm, which has AAI value of 1.02, and ascorbic acid is
19.42 ppm, and the AAI value of ascorbic acid is 5.14. In
this study, ascorbic is used as a comparison (Kaur et al.
2017). The use of contrast in testing antioxidants is to
examine the strength of the antioxidant activity in PSBEE
when compared with ascorbic. Based on the results above
PSBEE is classified as a strong antioxidant.
The ability to inhibit DPPH radicals is due to the active
compound contained in PSBEE. Phytochemical test results
showed that PSBEE contains abundant alkaloids,
flavonoids, and tannins. Our data is the first data that
reports PSBEE antioxidant activity. Previous research has
indicated that several species of the genus Syzygium have
different antioxidant activities. Antioxidant activity of
methanol extract of S. polyanthum leaves has IC50 44.35
µg/mL thus was potential as an antioxidant (Hidayati et al.
2017). Sharma et al. (2017) reported the results of the
enzymatic and non-enzymatic methods of antioxidant
testing, where the methanol extract of S. cumini bark
showed high antioxidant activity.
Syzygium cumini leaf was also reported to have
scavenging activity against hydrogen peroxide and the
antioxidant tested by FTC method showed a strong
antioxidant activity (Kaur et al. 2017). S. cumini seeds also
have strong antioxidant activity (Kumar et al. 2017) in line
with the research conducted by Marliani et al. (2014). S.
lanceolatum was also reported to have an antioxidant
action (Muthumperuma et al. 2016). 3,4,3'-Tri-Omethylelagic acid, which was isolated from the chloroform
fraction of Stem Bark of S. polycephalum showed
antioxidant activity against DPPH with IC50 values of
163.6 for chloroform extract and 72.1 for compounds
which have been isolated (Tukiran et al. 2018).
Antihyperglycemic
Data in the form of blood sugar levels in the regular
group, alloxan, PSBEE 150 mg/kgbw, and 300 mg/kgbw
during treatment can be seen in Table 4.
ANOVA analysis shows that there are differences in
blood sugar levels based on the dose and length of
treatment; there is also a relationship between the dose and
the duration of administration of blood sugar in rats. Based
on Table 4, alloxan can increase blood sugar, while
glibenclamide can reduce the blood sugar of alloxaninduced rats. Administration of 150 mg/kgbw of PSBEE

for 21 days can lower blood sugar in hyperglycemic rats as
well as 300 mg/kgbw of PSBEE.
Herbal medicine is the oldest treatment method known
by humans. This treatment method uses plant parts such as
seeds, fruit, roots, bark, leaves, and even flowers for the
treatment of a disease. Alloxan administration (120
mg/kgbw I.P) induces makes hyperglycemic in rats within
72 hours. Alloxan is used to increase blood sugar toward
experimental animals; rats, mice, rabbits, and dogs for
experimental purposes (Etuk 2010). Alloxan has been well
known to be causing damage to β-cells, entering through
the GLUT2 glucose transporter. By interacting with
intracellular thiol groups, especially in glutathione, alloxan
in cells produces reactive oxygen species (ROS) in cyclic
redox reactions with produced dialuric acid. This dialuric
acid formation process produces ROS in the form of
superoxide radicals, hydrogen peroxide, and hydroxyl
radicals. Hydroxyl radicals are responsible for the
apoptosis of these cells because beta cells have very low
antioxidant defense abilities. (Lenzen 2008; Sharma et al.
2013a) As a result, insulin production will be insufficient
so that glucose levels in the blood increase (Basiru et al.
2018).
In the positive control group that was given the standard
diabetes drug, glibenclamide 5 mg/kgbw, occurred a
significant decrease in rats’ blood glucose level was
observed as expected. Glibenclamide is an oral
hypoglycemic sulfonylurea derivative that works actively
to reduce blood sugar levels (Balsells et al. 2015).
Glibenclamide works mainly by increasing insulin
secretion and acts to inhibit ATP-sensitive potassium
channels in β-cells so that the depolarized cell membrane
causes the opening of voltage-dependent calcium channels,
allowing Ca2+ to enter the cytosol, and eventually
stimulating insulin release (Serrano-Martín et al. 2006;
Luzi and Pozza, 1997).
The ability to reduce blood glucose levels in PSBEE
cannot be separated from the phytochemical content of
PSBEE. Ethnomedically, pakoba bark has been used by the
Minahasan people in North Sulawesi to lower blood sugar.
Until now, there is still a lack of information that reports
the activity of pakoba as antidiabetic, so the mechanism of
reducing blood sugar by pakoba is still less understood.
Previous studies have reported several species of plants
from the genus Syzygium to have vigorous antidiabetic
activity.

Table 4. Measurement of blood glucose levels in alloxan-induced rats by administration PSBEE
Treatment
Normal control
Alloxan
Glibenclamide
150 mg/kgbw dose
300 mg/kgbw dose

Day 0
5.83a

95 ±
434.8 ± 45.67a
406.8 ± 67.23a
449 ± 38.99a
450 ± 38.11a

Day 7

Blood sugar levels
Day 14

9.06a

94 ±
417± 35.34a
178.4 ± 98.54b
351 ± 30.7b
377.4 ± 48.7b

Note: Different letter(s) in each column indicated significant difference on P < 0.05.

4.92a

88.4 ±
446 ± 94.03a
113.8 ± 31.09b
263.8 ± 61.94c
240 ± 42.49c

Day 21
87.8 ± 9.09a
461 ± 45.76a
118 ± 14.26b
197.6 ± 31.09c
95 ± 36.56d
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Water extract from S. cumini can significantly reduce
the blood sugar of the hyperglycemic rat (Sharma et al.
2013b). Research conducted by Ajiboye et al. (2018b)
reported that the content of S. cumini polyphenols extract
which were given to hyperglycemic rats can reduce the
activity of cholinesterase and increase the activity of
superoxide dismutase, catalase, and glutathione peroxidase
all of which are the natural antioxidants that fight oxidative
stress. In addition, S. cumini polyphenols extract have
antidiabetic activity by increasing liver glycogen, reducing
glycated hemoglobin (HbA1C), regenerating β-cells
increasing HOMA-β index (β-cell function), increasing
sensitivity and synthesis of insulin, reducing glucose 6
phosphate activity and increased GLUT-2 expression and
activity (Ajiboye et al. 2018a). The content of mycaminose
in S. cumini leaves has also been reported to possess the
same mechanism as glibenclamide to reduce blood sugar in
the hyperglycemic rat (Syama et al. 2018). Syama et al.
(2018) also reported that the methanol extract of S. cumini
seeds lowers blood sugar by inhibiting the action of the αamylase, α-glucosidase, glycation, and DPP-IV enzymes.
Ethanol extract of S. polyanthum leaf shows
antihyperglycemic and antioxidant activity (Wahjuni and
Wita 2017) in line with Kusuma et al. (2011) who reported
the phytochemical content of the fruit and ethanol extract
of S. polyanthum leaves had antioxidant activity. The
combination of Andrographis paniculata and S.
polyanthum was said to maintain and repair pancreatic cells
that were damaged by alloxan (Widharna et al. 2015).
Manaharan et al. (2012) reported that the isolated several
flavonoid compounds in ethanol extracts of S. aqueum
leaves, European-3-O-rhamnoside, and phloretin, have
antihyperglycemic activity by inhibiting the activity of αamylase and α-glucosidase. S. densiflorum fruit has
antihyperglycemic activity by inhibiting the action of free
radicals and α-amylase (Krishnasamy and Muthusamy
2015). S. paniculatum can increase insulin secretion and
repair damaged β- cells (Konda et al. 2019). Arumugam et
al. (2016) reported that the content of myricitrin
(flavonoid-3-O-glycoside), which belongs to the flavonoid
group in S. malaccense could inhibit the action of αglucosidase and α-amylase, increase fat accumulation, and
increase glucose absorption through increased adiponectin
secretion.
The routine content and quercitrin in S. guineense
leaves have antihyperglycemic activity by increasing
intrahepatic glucose absorption and increasing hepatic
glycogen while also inhibiting the action of α-glucosidase
(August et al. 2016). Another mechanism of Syzygium
antihyperglycemic activity is by increasing superoxide
dismutase, glutathione, and glutathione reductase in S.
mundagam (Chandran et al. 2017) and S. calophyllifolium
(Chandran et al. 2016). The content of quercetin, gallic acid
and anthocyanin flavonoids in the apple wax of S.
samarangense enhances the function of β-cells, thereby
increasing insulin secretion as well as reducing oxidative
stress (Khamchan et al. 2018), in line with the
antihyperglycemic activity in S. aromaticum (Habtemariam
2019).
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In this study, the ability of PSBEE is possible because
of its high antioxidant content and its ability to repair
damaged β-cells from PSBEE. The natural antioxidant
contained in PSBEE reduces oxidative stress toward rats,
which finally increases insulin production and insulin
secretion of hyperglycemic rats. However, further research
is necessary to determine the cellular and molecular
mechanism of PSBEE antihyperglycemic effect.
In conclusion, pakoba stem bark ethanol extract showed
the best antihyperglycemic activity at a dose of 300
mg/kgbb. It also has a strong antioxidant activity but has
weak antibacterial activity against E. coli and S. aureus.
The extract of pakoba stem bark ethanol is potential as a
new antidiabetic drug. However, further research needs to
be done to determine the mechanism of action and the
content of active compounds from stem bark ethanol
extract of pakoba bark.
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