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INTRODUCTION

The common cold is a prime example 
of acute infections of the nose, paranasal si-
nuses, pharynx, larynx, trachea, and bronchi. 
Antibiotics are often used to treat and control 
respiratory infections.  The majority of Up-
per Respiratory Tract Infection (URTI) are 
caused by viruses, with rhinovirus being the 
most common cause (along with influenza, 
coronavirus, adenovirus, parainfluenza, and 
respiratory syncytial virus) (Alsayari et al., 
2021). People have long recognized that cer-
tain medical plants are effectively treatinfec-

tious disorders. Research on the prevention 
and treatment of URTI utilizing herbs, plant 
extracts, and isolated plant molecules is ongo-
ing, although clinical trials have often shown 
contradictory (Sarker et al., 2022). When 
grown with target cells and URTI causative 
agents such as the severe acute respiratory 
syndrome-associated coronavirus (SARS-
CoV) and other adenoviruses, quercetin, an 
antioxidant flavonoid abundant in fruits and 
vegetables, has been demonstrated to display 
substantial anti-viral activity (Mehrotra & 
Jadhav, 2021). 

Flavonoids play a number of critical 
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Abstract. Respiratory tract infections can be caused by various mi-
crobes including Staphylococcus aureus bacteria and Candida al-
bicans fungus. The treatment can use antibiotics or medical plants. 
Okra plants especially the fruit, are plants with antioxidant and an-
timicrobial activity caused by one of the flavonoids namely quercetin 
compounds.  The purpose of this study was determine the total fla-
vonoid,  identify the isolate, and test the antioxidant and antimicro-
bial activity of the quercetin compound isolated from okra fruit. The 
result of the measurement of the total flavonoid content of the diethyl 
ether fraction obtained an average of 54.8723 ± 0.8059 mg QE/g and 
the ethyl acetate fraction obtained an average of 99.3155 ±1.4518 
mgQE/g. The isolated flavonoid from okra fruit had antioxidant pow-
er with IC50 of 31,4 ppm, antibacterial activity against Staphylococ-
cus aureus with inhibition zone diameter of 10,372mm; 13,964 mm; 
and 15, 392mm (1%:5%:10%), and the antifungal Candida albicans 
with inhibition zone diameter of 9,104mm; 284mm; and 11,380 mm 
(1%:5%:10%).  Flavonoid isolates from  Okra Fruit, namely querce-
tin compounds had strong antioxidant and antimicrobial activity.
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roles in plant defense and prevent a wide 
range of human pathologies with various 
mechanisms, such as neurological diseases, 
cardiovascular diseases, infectious diseases, 
and diabetes. They do this by reducing oxi-
dative stress, modulating cell signaling re-
sponses, controlling the expression of specific 
genes, or interacting directly with proteins and 
membranes. It has been extensively investi-
gated and well-documented that polyphenols 
or flavonoid (or their synthetic counterparts) 
have the potential to be efficient antibacterial 
and antiviral medicines with a targeted mode 
of action, few side effects, and the capacity 
to prevent the generation of bacterium toxins, 
and biofilm format. 

 Phenolic or flavonoid compounds 
from various plants have been shown to ex-
hibit antibacterial action against several 
pathogenic microbes in addition to their an-
tioxidative functions. Due to the rise in an-
tibiotic resistance, there is growing interest 
in using medicinal plants as an alternative to 
manufactured medications, notably for the 
treatment of microbial agents. Therefore, it 
has become essential to look for novel anti-
microbial agents such phenolic or flavonoid 
compound (Almuhayawi,. 2020).

 One of the most prevalent flavonoids, 
quercetin, effectively slows the growth of a 
variety of drug-resistant Gram-positive and 
Gram-negative bacteria, fungi, and viruses 
due to the destruction of bacterial cell walls 
and membranes, the intercalation of quercetin 
with DNA and inhibition of nucleic acid and 
protein synthesis, the reduction of virulence 
factor expression, the inhibition of the activ-
ities of essential virulent enzymes, and the 
prevention of biofilm formation. However, it 
is necessary to conduct research related to the 
isolation of quercetin and test its activity as 
an antioxidant and antimicrobial needed when 
there is an infection due to bacteria or viruses 
(Nguyen & Bhattacharya, 2022).

 The medical plant  widely used to be 
developed is the okra plant (Abelmoschus escu-
lentus L.) (Khan et al., 2022). The flavonoid 
contained in okra fruit is a quercetin com-
pound. Quercetin is the largest flavonoid 
about 60-75% of the total flavonoid com-
pounds in Okra fruit (Suganthy et al., 2016). 
It provides biological effects such as treating 
asthma symptoms, bronchial, hyperactivity, 
and inflammation of the respiratory tract (Ja-
farinia et al., 2020). 

 Based on previous, in this study, the 
okra fruit was macerated with 80% ethanol 
and continued by fractionation using n-hex-
ane, diethyl ether, and ethyl acetate as sol-
vents to separate active compounds based on 
their polarity. The determination of flavonoid 
levels was carried out as it is suspected to be 
efficacious as a antioxidant and antimicrobial.  
The flavonoid was separated by the prepara-
tive thin layer chromatography method with 
silica gel as the stationary phase and n-buta-
nol: acetic acid: water (4:1:5) (Suresh et al., 
2018) as the mobile phase followed by the 
recrystallization process. The results of the 
separation were identified by measuring the 
melting point, interpreting the structure of the 
compound using a UV-Vis Spectrophotome-
ter, and identifying the separation of the com-
pound by TLC Densitometry.  The  remaining  
major challenge in this research was testing 
flavonoid isolates which quercetin com-
pounds from Okra fruit as antioxidants using 
the DPPH method (Jarial et al., 2018) and the 
same time can also be antimicrobial activity 
against Staphylococcus aureus and Candida 
albicans (Romulo et al., 2018). 

MATERIALS AND METHODS

The research was carried out from 
March 2019 – June 2020 at the Phytochemical 
Laboratory and Microbiology Laboratory of 
the College of Pharmacy Sciences Semarang 
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Pharmacy Foundation.

Sample Extraction Fractination and Phy-
tochemical Screening

Green okra fruit powder was macer-
ated with 80% ethanol solvent as much as 
1000 ml for one vessel so that the simplicia 
was completely submerged. The extract was 
dissolved in aquadest and then liquid-liquid 
partitioned by adding n-hexana, diethyl ether, 
and ethyl acetate. The screening procedure 
went through the TLC method after previous-
ly going through the tube method

Determination of Total Flavonoid Content
In calculating the total flavonoids, the 

operating time and standard curve with quer-
cetin were determined. Various ingredients 
such as 0.2 ml of sodium acetate, 3 ml of meth-
anol, and 0.2 ml of 10% AlCl3, and 0.2 ml of 
sodium acetate were mixed were determined. 
Furthermore, a spectrophotometer was used 
to measure the absorbance at a wavelength of 
415 nm (Chang et al., 2002).

Isolation and Identification of Quercetin 
Compound

The viscous fraction was dissolved in 
1mL of methanol, smeared on the station-
ary phase GF60 and diluted with n-butha-
nol:acetic acid:water (4:1:5). The same band 
stain with quercetin standard was scraped off 
and dissolved in ethyl acetate pa then centri-
fuged. The isolate was then crystallized (Kli-
tou et al., 2022; Rossi et al., 1986). The purity 
of the isolated compound was tested by chem-
ical reaction, melting point test, multieluent 
TLC stain pattern, structure identification by 
UV-Vis Spectrophotometer and Densitometry 
TLC.

Antioxidant Activity Test
The isolates of 0,2 mL with various con-

centrations were added to 4.0 mL DPPH 0.1 
mM, vortexed and left for 30 minutes and the 
absorbance was measured at 517nm wave-
length with UV-Vis Spectrophotometer (Shi-
madzu Tipe UV-1700). The same was done 
for the blank measurement. Antioxidant activ-
ity test results than compared with standard 
quercetin (Jarial et al., 2018).

Antifungal Activity Test Using Candida al-
bicans

With a sterile round ose needles, cul-
tured of Candida albicans were taken from 
stock, then inoculated into tubes containing 
5 mL of sterile liquid Nutrient Broth media 
(NB), then incubated into tubes containing 5 
mL of sterile liquid NB media, then incubated 
for 3 x 24 hours  at a temperature of 250C. 
The suspension was added with NB media 
or fungal colonies until 0.008-0.100 absorp-
tion was obtained on a UV spectrophotometer 
(wavelength 625 nm) in accordance with the 
½ Mc Farland.

Sabouraud Dextrose Agar media was 
Poured into sterile Petri dishes and allowed to 
solidify as a base layer, then placed 5 cylinder 
cups at distances. The fungi are then inoculat-
ed by pour plate on Sabouraud Dextrose Agar 
media that has been attached to the cylinder 
cup.  After the upper media solidified, the cyl-
inder cup was taken and each well was filled 
with 50µL of n-hexane fraction, diethyl ether 
and ethyl acetate fraction. Nystatin as a posi-
tive control solution and DMSO as a negative 
control solution. Each group was replicated 
five times. The Petri dishes were incubated at 
250C for 3x24 hours (Astutiningsih & Kris-
tianti, 2022).

Antibacteria Activity Test Using Staphylo-
coccus aureus

Staphylococcus aureus bacterial sus-
pension incubated at 370C for 24 hours mea-
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sured absorbance at 625nm, equivalent to the 
comparison absorbance of a standard solution 
of ½ Mc Farland (absorbance 0.08-0.1) to es-
timate the number of bacteria. The mannitol 
salt agar medium was measured in a sterile 
petri dish and allowed to solidify. The bacte-
ria are then inoculated by pour plate on MSA 
media that has been attached to the cylinder 
cup.  The isolates with concentrations of 2%, 
4% and 8% of positive control (Amoxicillin) 
and negative control (DMSO) were poured 
into 50 L in the wellbore then incubated for 
24 hours at 370C. Observation and diameter 
measurement of the barriers formed was con-
ducted using a caliper (Suganthy et al., 2016).

Data Analysis
Antioxidant data was taken from the in-

terpretation of the absorbance results of iso-
lates using a UV-Vis Spectrophotometer to 
calculate the IC50 value. The IC50 were then 
determined with SPSS 21.Antibacterial ac-

tivity test data in the form of inhibition zones 
were measured using a caliper and analyzed 
by T-test  using SPSS 21.

RESULTS AND DISCUSSION

The process extraction of Okra with 
80% of ethanol obtained an 11.80% yield. 
The results of fractionation with various sol-
vents obtained yield as follows: n-hexane 
of 11.98%, diethyl ether of 6.54%, and eth-
yl acetate solvent of 5.36%. Phytochemical 
screening was carried out through chemical 
color tests and TLC method. The result of the 
chemical color test can be seen in Table 1. 
The okra fruit fraction positive for flavonoids 
was only present in the diethyl ether and eth-
yl acetate fractions, meaning that the type of 
flavonoids in okra fruit is a glycoside which 
tends to be polar so it was only found in both 
solvents and was not present in the n-hexane 
fraction which tends to be nonpolar.

Table 1. Results of the color reaction of Okra flavonoids (Abelmoschus esculentus L.)

According to the results of this study,  
the ethyl acetate fraction yeilds nearly twice 
as much flavonoid as the ether fraction. The 
okra fruit’s ethyl acetate fraction yielded an 
average result of 99.3155 ± 1.4518 mgQE/g, 
while the assessment of the total flavonoid 
content of the diethyl ether fraction yielded 
an average result of 54.8723 ± 0.8059 mgQ-
E/g (Table 2). According to Deghima et al., 
(2021) ethyl acetate, a solvent with semipolar 

characteristics, is more efficient in extracting 
phenol than ethanol, n-hexane, and aquadest. 
Flavonoids, tannins and simple phenolics are 
phenolic substances that could be found in the 
ethyl acetate fraction. Flavonoid isolation is 
only done from the ethyl acetate fraction due 
to the higher overall flavonoid levels in this 
fraction.

The isolation of flavonoid compounds 
from okra fruit used the preparative TLC 

Reaction
Fraction

n-hexane Diethyl Ether Ethyl Acetate

NaOH green yellow yellow
Wilstater green orange orange
Bate Smite-Metcalfe green red red

TLC  
mobile phase n-butanol: acetic acid: water (4:1:5) 
and stationary phase silica gel GF 254

No stains Yellow stain Rf 
0.65

Yellow stain 

Rf 0.62



Jurnal Biodjati 8(2):295–305, November 2023 299

Jurnal Biodjati 8(2):295–305, November 2023

http://journal.uinsgd.ac.id/index.php/biodjati

method.  On the preparative TLC plate, three 
spots were obtained with an Rf value of 0.34; 
0.66, and 0.92. The stains were then scraped 

and crystallized to obtain the yellow warrant 
powder of0.18% and with a melting point of 
307-309.50C.

Table 2. Results of the color reaction of Okra flavonoids (Abelmoschus esculentus L.)

The identification of the flavonoid iso-
late compounds was then carried out using 
a UV-Vis spectrophotometer to determine 
the absorbance value of the compound at the 
maximum wavelength. The UV-Vis spectrum 
of the okra flavonoid compound can be seen 
in Figure 1. The typical flavonoid spectrum 
consisted  of  300-560 nm for band I and 230-
290 for band II. The spectrum results obtained 
were  two maximum wavelengths that occur 
due to the absorption of the benzoyl ring and 
cinnamoyl ring on the flavonoid structure. 
Absorption on the benzoyl ring occurs at a 
wavelength of 256 nm forming band II and 
absorption in the cinnamyl ring occurs at a 
wavelength of 373 forming band I.

 The result identification quercetin us-
ing the TLC densitometry method then ob-
tained 374nm quercetin wavelength while 
theoretically, the quercetin wavelength is 
380nm. The result of the isolates identifica-
tion showed an Rf value was identical to the 
standard quercetin when identified by TLC 
densitometry as seen in Figure 2. Qualitative 
analysis with TLC Densitometry was carried 
out by comparing the retardation factor (Rf) 
of the analyte with the standard. The com-
pound was identical to the standard because 

the standard Rf value of quercetin was 0,065 
and the sample Rf was 0.062 with the differ-
ence ≤0,05.

Antioxidants' ability to donate hydro-
gen or their radical scavenging impact on 
DPPH radical’s activity of scavenging. When 
a DPPH solution is combined with a materi-
al that can donate a hydrogen atom, diphenyl 
picryl hydrazine is produced in its reduced 
form, losing its violet color (Molyneux, 2004). 

The antioxidant activity test showed 
that the okra fruit quercetin isolate had an 
IC50 of 31.4 ppm while the standard antioxi-
dant activity of quercetin had an IC50 of 24,6 
ppm, which is categorized as a strong antiox-
idant (Table 3). The results showed that the 
test group had a statistically significant differ-
ence by  the unpaired T-test < 0.05. 

The mechanism of action of antioxidant 
activity is influenced by the concentration 
and chemical structure, especially the flavo-
noid group.There are several mechanisms of 
Quercetin as an antioxidant such as scaveng-
ing free radicals directly (Oh et al., 2019) by 
the mechanism of chelating metal ions from 
catechol groups in the structure and inhibit-
ing lipid peroxidation (Zhang et al., 2021). 
The mechanism of quercetin as an antioxidant 

Sample Weight 
(gram) Absorbance Total Flavonoid Content 

(mgQE/g)
Average Content ± 

SD (mg/g)

Diethyl ether 
fraction 

1 0.0506 0.345 52.5039

53.8723 ± 0.8059
2 0.0512 0.360 54.1953
3 0.0510 0.361 54.5618
4 0.0508 0.355 53.8474
5 0.0510 0.359 54.2529

Ethyl acetate 
fraction

1 0.0505 0.636 97.9812

99.3155 ± 1.4518
2 0.0515 0.668 100.9709
3 0.0510 0.650 9.1814
4 0.0509 0.640 97.8301
5 0.0509 0.658 100.6139
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in vivo is by  regulating glutathione levels to 
increase antioxidant capacity, and increasing 
the  work of several antioxidant enzymes, 
such as glutathione transferase and aldo-ke-
toreductase (Li et al., 2016). Quercetin has a 
protective effect on granulosa cells by increas-
ing the expression of several genes associated 
with oxidative stress (Rashidi et al., 2019). 
Quercetin increases the regulation of Nrf2 ex-
pression and nuclear transfer by activating the 
intracellular MAPK p38 pathway, increasing 
intracellular GSH levels, and influencing the 
activity of antioxidant enzymes so that it can 
increase the the capacity of cells to work as 
antioxidants (Kobori et al., 2015).

 The ability of quercetin isolates to in-
hibit Staphylococcus aureus can be seen in 
Figure 3 and Table 4. In the well method, the 

result of positive control group was greater 
than the concentration of the quercetin iso-
late. The greater the clear zone produced, the 
greater the antibacterial power produced. The 
results of the T-test showed p< 0.05 indicating 
that the test group had a statistically signifi-
cant difference with the unpaired T-test. How-
ever, the 10% concentration was not signifi-
cantly different from the positive control.

The results of the test for the inhibition 
of quercetin isolates on Candida albicans can 
be seen in Figure 4 and Table 5. The results of 
the unpaired T-test showed p< 0.05 meaning 
that the test group had a statistically signifi-
cant difference. It showed that the quercetin 
isolates were found at various concentrations 
with different abilities to inhibit the Candida 
albicans.

Figure 1.  Spectrum of Okra (Abelmoschus esculentus L.) Flavonoid Iso-
late with UV-Vis Spectrophotometry

Figure 2. The result of the isolates (b) identification showed an Rf value that was  identical to the standard quercetin (a) when 
identified by TLC densitometry 
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Figure 3. Inhibition zone diameter on Staphy-
lococcus aureus. Description 1%, 5% 
and 10%: concentration of isolates; K+: 
0.05% ciprofloxacin positive control; K- 
: DMSO negative control

Figure 4. Inhibition zone diameter on Candida al-
bicans. Description 1%, 5% and 10%: 
isolate concentration; K+: 0.05% nysta-
tin positive control; K-: DMSO negative 
control

Table 3. Quercetin  antioxidant activity and flavonoid isolate Okra fruit

Table 4. Diameter of Staphylococcus aureus antibacteri zone of inhibition

Concentration (ppm) Absorbance % Inhibition Linear Regretion IC50

Standard
108.0 0.143 75.98
91.0 0.157 68.12
55.4 0.176 59.87 Y = 0.234x + 3.658 24.6 ppm
25.0 0.199 51.54
12.5 0.218 49.92
Isolate
115.4 0.192 79.14
89.0 0.211 68.22
59.0 0.263 57.33 Y = 0.016x + 3.4879 31.4 ppm
28.3 0.287 49.15
10.2 0.301 44.11

Replication
Inhibition Zone Diameter (mm)

Quercetin Isolate Control
1% 5% 10% K+ K-

1 10.89 13.15 15.81 15.21 0.00
2 10.06 14.50 14.33 16.91 0.00
3 10.44 13.94 15.43 15.46 0.00
4 10.29 14.22 15.29 15.93 0.00
5 10.18 14.01 16.10 15.76 0.00
Average 10.372* 13.964* 15.392 15.854 0.000*

Description: *significantly different
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Table 5.  Diameter of Candida albicans antifungal zone of inhibition

Flavonoids have greater inhibitory ac-
tivity against gram-positive bacteria, includ-
ing Staphylococcus aureus. It is because fla-
vonoid compounds are part of the polar nature 
so it is easier to penetrate the polar peptido-
glycan layer than the non-polar lipid layer, 
thus it may cause greater inhibitory activity of 
gram-positive bacteria than the gram-negative 
bacteria. The inhibitory activity of flavonoids 
in gram-positive bacteria causes the disrup-
tion of the cell wall as a function to give cell 
shape and protects cells from osmotic lysis. 
Disruption of the cell wall may cause cell lysis 
(Nguyen & Bhattacharya, 2022). The effect of 
quercetin compounds on C. albicans is  by de-
naturing protein bonds in the cell membrane 
so that the cell membrane becomes lysed and 
these flavonoid compounds can penetrate into 
the cell nucleus. The entry of quercetin com-
pounds into the cell nucleus can prevent the 
growth of C. albicans. The flavonoid group 
can act as an antifungal because it has phenols 
that can denature proteins and can damage the 
cell membranes irreversibly (Balouiri et al., 
2016).

Lin et al. (2020) reported that flavo-
noids significantly inhibited the development 
of S. aureus and noted changes in the activi-
ty of genes involved in metabolic regulation 
and the processing of genetic information. 
Polyphenols were discovered to decrease the 
activities of ribosomal proteins, degrade nu-

cleic acid synthesis, and inhibit bacterial to-
poisomerases (Baikar, 2010). It was discov-
ered that flavonoids might increase S. aureus 
membranes' permeability to ions (Lin et al, 
2020). It is possible that flavonoid interac-
tions with the protein component of the bio-
logical (bacterial) membrane are the cause of 
the distinct effects of flavonoids on the fluidi-
ty of the surface area of cellular and liposomal 
membranes. The liposomal membrane rigidi-
fication effect and the antimicrobial action of 
flavonoids were previously discovered to be 
significantly correlated, and it was hypothe-
sized that the flavonoids worked to inhibit 
bacterial growth by decreasing membrane flu-
idity (Wu et, al., 2013).

The hydroxyl group in the quercetin 
compound causes changes in organic compo-
nents and nutrient transport that lead to toxic-
ity to microbes. The mechanism of action of 
flavonoids as an antibacterial is by inhibiting 
cell membrane function and energy metabo-
lism. These groups can interact with a bacte-
rial cell membrane to alter its composition, 
resulting in the loss of biological components. 
It has been shown that these OH groups have 
the ability to interfere with the metabolism of 
microorganisms by acting at the active site of 
enzymes. Additionally, it has been discovered 
in certain research that the length of the sat-
urated side chain and the position of the OH 
group in the aromatic ring of polyphenols can 

Replication
Inhibition Zone Diameter (mm)

Quercetin Isolate Control
1% 5% 10% K+ K-

1 9.54 10.32 11.54 12.96 0.00
2 9.06 10.66 10.76 13.49 0.00
3 8.12 10.49 11.19 13.98 0.00
4 8.82 9.76 11.87 12.88 0.00
5 9.98 10.19 11.54 13.73 0.00
Average 9.104* 10.284* 11.380* 13.408* 0.000*

Description: *significantly different
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both boost the antibacterial action (Admczak 
et al., 2019). According to Xie et al. (2017), 
the structure flavonoids, quercetin, rutin, 
and naringenin's antibacterial properties are 
caused by two hydroxyl substituents on C-5 
and C-7 of ring A. 

Because they contain phenol groups, 
flavonoids are a class of substances known as 
antioxidants that have antibacterial and anti-
fungal properties. Proteins can also clump to-
gether when exposed to phenolic flavonoids, 
which can likewise lower the surface tension 
of microbial cells (Chang et al., 2013). In op-
position to extracellular proteins that disrupt 
the integrity of membranes and cell walls, 
flavonoids can create complex molecules. 
Additionally, flavonoids can disrupt cellular 
metabolism by preventing nutrient delivery. 
Since flavonoids' lipophilic nature breaks mi-
crobial membranes, C. albicans is gradually 
inhibited (Hirai et al., 2010). Phenols are pro-
teins' denaturing agents and fungistatic sub-
stances. Fungal cell walls will become brit-
tle due to the denaturation of the proteins in 
them, making them more easily permeable by 
other fungistatic active chemicals. If the dena-
tured protein is an enzyme protein, it cannot 
function, which will affect metabolism and 
nutrition absorption.

CONCLUSION 

Based on the results of the study, flavo-
noid compounds have been isolated and iden-
tified from okra fruit, namely the type of quer-
cetin and the isolate of quercetin compounds 
had strong antioxidant and the antimicrobial.

AUTHOR CONTRIBUTION

C.A, J.K and W. L. A conceived and de-
signed the research , J.K and W. L.A conduct-
ed the explorations, collected and analyzed 

the data, interpreted the result. C.A conducted 
the explorations and wrote the manuscript.

ACKNOWLEDGMENTS

Author would like to thank to STIFAR 
Pharmasi Foundation Semarang for provid-
ing facilities for this research. Author would 
like to thank to my team and Achiro Akib who 
helped and supported this research.

CONFLICT OF INTEREST

There is no conflict of interest.

REFERENCES

Adamczak, A., Ozarowski, M. & Karpins-
ki, T. M. (2019) Antibacterial activity 
of some flavonoids and organic acids 
widely distributed in plants. J Clin Med, 
9, 109.

Alsayari A, Mussinah A. B, Almaghasiah, 
D, Anadurai, S. & Wahab, S. (2021). 
Pharmacological Efficacy of Ginseng 
against Respiratory Tract Infections. 
Molecul, 26(13). DOI: 10.3390/mole-
cules26134095

Almuhayawi M, S. (2020). Propolis as a nov-
el antibacterial agent. Saudi Journal of 
Biological Sciences, 27(11), 3079-3086 
DOI: 10.1016/j.sjbs.2020.09.016.

Astutiningsih, C. & Kristianti, J. (2022). The 
Inhibitor Activity Test of Green Okra 
Fruit Fraction (Abelmoschus Esculen-
tus) Against Candida Albicans. Science 
Midwifery, 10(3), 2102–2109. DOI: 
10.35335/midwifery. v11i1.

Baikar, S., Malpathak, N., Malpathak, N.,Mal-
pathak, N. (2010) Secondary Metabo-
lites as DNA Topoisomerase Inhibitors: 
A New Era Towards Designing of An-
ticancer Drugs. Pharmacogn. 4, 12–26. 



Astutiningsih et al. 304

Jurnal Biodjati 8(2):295–305, November 2023

http://journal.uinsgd.ac.id/index.php/biodjati

DOI: 10.4103%2F0973-7847.65320.
Balouiri, M., Sadiki, M. & Ibnsouda, S. K. 

(2016). Methods for In Vitro Evalu-
ating Antimicrobial Activity: A Re-
view. Journal of Pharmaceutical 
Analysis, 6(2), 71–79. DOI: 10.1016/j.
jpha.2015.11.005.

Chang, C.-C., Yang, M.-H., Wen, H.-M. & 
Chern, J.-C. (2002). Estimation of Total 
Flavonoid Content in Propolis by two 
complementary colorimetric methods. 
Journal of Food and Drug Analysis, 
10(3). DOI: 10.38212/2224-6614.2748.

Deghima, A., Righi, N., Rosales-Conra-
do, N., León-González, M. E., Baa-
li, F., Gómez-Mejía, E., Madrid, Y. & 
Bedjou, F. (2021). Anti-inflammatory 
Activity of Ethyl Acetate and N-buta-
nol Extracts from Ranunculus macro-
phyllus Desf. and Their Phenolic Pro-
file. Journal of Ethnopharmacology, 
265, 113347. https://doi.org/10.1016/j.
jep.2020.113347

Hirai, I.; Okuno, M.; Katsuma, R.; Arita, N.; 
Tachibana, M.; Yamamoto, Y. Charac-
terisation of Anti-Staphylococcus au-
reus Activity of Quercetin. Int. J. Food 
Sci. Technol, 45, 1250–1254. DOI: 
10.1111/j.1365-2621.2010.02267.x.

Khan, S., Rafi, Z., Baker, A., Shoaib, A., Alkha-
thami, A. G., Asiri, M., Alshahrani, M. 
Y., Ahmad, I., Alraey, Y. & Hakamy, A. 
(2022). Phytochemical Screening, Nu-
tritional Value, Anti-diabetic, Anti-can-
cer, and Anti-bacterial Assessment of 
Aqueous Extract from Abelmoschus 
esculentus Pods. Processes, 10(2), 183. 
DOI: 10.3390/pr10020183.

Jafarinia, M., Hosseini, M, S., Kasiri, N., Fa-
zel, N., Fathi, F., Hakemi, M. G. & Es-
kandari, N. (2020). Quercetin with The 
Potential Effect on Allergic Diseases. 
Allergy Asthma Clin Immunoi. 16(36).  

DOI: 10.1186/s13223-020-00434-0.
Jarial, R., Thakur, S., Sakinah, M., Zularis-

am, A, W., Sharad, A., Kanwar, S, S. & 
Singh, L. (2018). Potential Anticancer, 
Antioxidant and Antibacterial Activities 
of Isolated Flavonoids from Asplenium 
nidus.  Journal of King Saud Univer-
situy - Science. 30(2). 185-192. DOI: 
10.1016/j.jksus.2016.11.006.

Klitou, P., Rosbottom, I., Karde, V., Heng, J. Y. 
Y. & Simone, E. (2022). Relating Crys-
tal Structure to Surface Properties: A 
Study on Quercetin Solid Forms. Crys-
tal Growth & Design, 22(10), 6103–
6113. DOI: 10.1021/acs.cgd.2c00707.

Kobori, M., Takahashi, Y., Akimoto, Y., 
Sakurai, M., Matsunaga, I., Nishimuro, 
H., Ippoushi, K., Oike, H. & Ohni-
shi-Kameyama, M. (2015). Chronic 
High Intake of Quercetin Reduces Oxi-
dative Stress and Induces Expression of 
The Antioxidant Enzymes in The Liver 
and Visceral Adipose Tissues in Mice. 
Journal of Functional Foods, 15, 551–
560. DOI: 10.1016/j.jff.2015.04.006.

Lin, Z., Lin, Y., Zhang,  Z., Shen, J., Yang, 
C., Jiang, M. & Hou, Y. (2020).  Sys-
tematic Analysis of Bacteriostatic 
Mechanism of Flavonoids Using Tran-
scriptome and its Theraupetic Effect on 
Vaginitis. Aging (Albany), 12(7). DOI: 
10.18632%2Faging.103024.

Li, Y., Yao, J., Han, C., Yang, J., Chaudhry, M. 
T., Wang, S., Liu, H. & Yin, Y. (2016). 
Quercetin, Inflammation and Immu-
nity. Nutrients, 8(3). DOI: 10.3390/
nu8030167.

Nguyen, T, L, A. & Bhattacharya, D. (2022). 
Antimicrobial Activity of Quercetin: An 
Approach to Its Mechanistic Principle. 
Molecul J, 27(8), 2494. DOI: 10.3390/
molecules27082494.

Mehrotra, N. & Jadhav, K. (2021).Nu-



Jurnal Biodjati 8(2):295–305, November 2023 305

Jurnal Biodjati 8(2):295–305, November 2023

http://journal.uinsgd.ac.id/index.php/biodjati

traceuticals: Potential Prospect for 
COVID-19 Management. Annals of 
Phytomedicine, 10.  DOI: 10.21276/ap.
covid19.2021.10.1.9.

Molyneux, P. (2004). The Use of The Stable 
Free Radical Diphenylpicrylhydrazyl 
(DPPH) for Estimating Antioxidant Ac-
tivity. Songklanakarin Journal,  Science 
Technology, 26(2), 211-219.

Oh, W. Y., Ambigaipalan, P. & Shahidi, F. 
(2019). Preparation of Quercetin Esters 
and Their Antioxidant Activity. Journal 
of Agricultural and Food Chemistry, 
67(38), 10653–10659. DOI: 10.1021/
acs.jafc.9b04154.

Romulo, A., Zuhud, E. A. M., Ronde-
valdova, J. & Kokoska, L. (2018). 
Screening of In Vitro Antimicrobial 
Activity of Plants Used in Tradition-
al Indonesian Medicine. Pharmaceu-
tical Biology, 56(1), 287–293. DOI: 
10.1080/13880209.2018.1462834.

Rashidi. Z, Aleyasih, A, Eslami. M, Nekoo-
nam. S, Zendedel. A, Bahramrezaie. M, 
Amidi,. F, (2019). Quercetin Protects 
Human Granulosa Cells Against Oxi-
dative Stress Via Thioredoxin System. 
Reproductive Biology, 19 (3). DOI: 
10.1016/j.repbio.2019.07.002.

Rossi, M. Rickes L. F. & Halpin, W.A. (2014). 
The Crystal and Molecular Structure 
of Quercetin: A biologically Active 
and Naturally Occurring Flavonoid. 
Bioorganic Chemistry, 14(1). DOI: 
10.1016/00452068(86)90018-0.

Sarker, A., Gu, Z., Mao, L., Ge, Y., Huo, D., 
Fang, J., Wei, Z. & Wang, Z. (2022).  

Influenza-existing Drugs and Treatment 
prospects. European Journal of Medic-
nal Chemistry, 232. DOI: 10.1016/j.ej-
mech.2022.114189.

Suganthy, N., Devi, K. P., Nabavi, S. F., 
Braidy, N., & Nabavi, S. M. (2016). 
Bioactive Effects of Quercetin in The 
Central Nervous System: Focusing on 
The Mechanisms of Actions. Biomedi-
cine & Pharmacotherapy, 84, 892–908. 
DOI: 10.1016/j.biopha.2016.10.011.

Suresh, T., Mounika, I. S., Sahana, S., Kuria-
kose, H. S. & George, G. (2018). An 
Overview on Extraction and Purifi-
cation of Flavonoids from Medicinal 
Plants. World Journal of Pharmaceu-
tical Research, 7(10), 172–188. DOI: 
10.200959/wjpr201810-12265.

Wu, T., He, M., Zang, X., Zhou, Y., Qiu, T., 
Pan, S., Xu, X. A. (2013). Structure-Ac-
tivity Relationship Study of Flavonoids 
as Inhibitors of E. Coli by Membrane 
Interaction Effect. Biochim. Biophys. 
Acta BBA Biomembr, 1828, 2751–2756. 
DOI: 10.1016/j.bbamem.2013.07.029.

Xie, Y., Chen, J., Xiao, A. & Liu, L. (2017) 
Antibacterial Activity of Polyphenols: 
Structure-activity Relationship and In-
fluence of Hyperglycemic Condition. 
Molecules, 22, 1913. 

Zhang, X., Ni, L., Zhu, Y., Liu, N., Fan, D., 
Wang, M. & Zhao, Y. (2021). Quercetin 
Inhibited the Formation of Lipid Oxida-
tion Products in Thermally Treated Soy-
bean Oil by Trapping Intermediates. J. 
Agric. Food Chem, 69(11), 3479-3488. 
DOI: 10.1021/acs.jafc.1c00046.


