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ABSTRACT 
 

Clove (Syzygium aromaticum L.) is one type of spice plant that has high 
antioxidant content because of the high eugenol compounds. However, iso-
lating these bioactive compounds require a significant amount of biomass. A 
known alternative solution to overcome the problems is through the utiliza-
tion of endophytic bacteria in clove leaves. Endophytic cloves leaf bacteria 
can be a good antioxidant resource. Endophytic bacteria are bacteria that 
grow in plant tissues that is not pathogenic, which can replace these plants. 
The aim of this study is isolating endophytic bacterial from clove leaves, 
screening endophytic bacteria, determining potential endophytic bacteria as 
producer antioxidant compounds, and identifying potential isolate using 16S 
rRNA. This study used endophytic bacteria isolated from clove leaves 
(Syzygium aromaticum L.). Antioxidant activity determined using DPPH 
method.  It was founded 7 isolates of endophytic bacteria namely WDY1, 
WDY2, WDY3, WDY4, WDY5, WDY6, and WDY7. The isolate WDY6 shows the 
highest antioxidant activity. WDY6 isolate is identical to Staphylococcus sp. 
with a 100% similarity. Staphylococcus sp. has the highest antioxidant activ-
ity in the stationary phase. The content of chemical compounds from WDY6 
isolates is p yrazine that belongs to alkaloids. 
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Introduction 

Plants are one of the most important natu-
ral resources in the treatment efforts to main-
tain health in the community. People still often 
use traditional medicines derived from medici-
nal plants. Medicinal plants are plants that 
have medicinal properties and are used as 
medicine in healing and preventing diseases. 
Understanding the efficacy of drugs is to con-
tain active substances that function to treat cer-
tain diseases or if they do not contain certain 
active substances but contain the resultant or 
synergy effect of various substances that func-
tion to treat. 

Indonesia is one of the countries known for 
its natural wealth because it has various types 
of plants that can be medicinal. Natural re-

sources have provided the pharmaceutical in-
dustry with the most important sources of 
lead compounds and up to 40% of modern 
drugs are derived from natural sources (Jassim 
& Naji, 2003). This suggests a potential thera-
peutic role of plants in human health (Barthwal 
et al., 2008). Plants against chronic oxidative 
stress-related disease because contain chemi-
cal families and the number of antioxidants 
(Asif, 2015). Natural antioxidants such as to-
copherol, ascorbic acid, and flavonoids have 
been widely studied in the fields of medicine 
and pharmacology because of their activities as 
antitumor, antimutagenic, anticancer, and 
other diseases (Birch et al., 2001). 

Clove (Syzygium aromaticum L.) is one type 
of spice plants that has high antioxidant activ-
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ity due to the high content of eugenol.  The es-
sential oil in clove flower buds (Eugeniacaryo-
phylus) is used as a local anesthetic (Khalaf et 
al., 2018). Clove contains several phenol com-
ponents, namely (C10H12O2), acetyl eugenol, 
a and b caryofelin, eugenia (eugenol isomer), 
vanillin, and galanin acid.   Eugenol has a n  an-
tioxidant activity which has the same effect as 
α-tocopherol in inhibiting lipid peroxidation, 
LDL oxidation, and very low density lipopro-
teins (VLDL) (Ogata et al., 200). Plant phenols 
are one of the largest groups that act as antiox-
idant compounds, both in leaves, flowers, and 
roots (Pourmorad et al., 2006). Eugenol is a  
phenol compound that can be isolated from 
the leaves, stems a n d  flower buds, b u t  the   
cheapest and most economical are those de-
rived from cloves leaf oil.   Eugenol content in 
leaves is around 70-%-80% and cloves leaf oil 
derived from Zanzibar type. Clove has the 
highest eugenol content especially in young 
and old leaves (Barbara & Christine, 2006).  

Endophytic bacteria live in the vascular tis-
sue of plants without causing negative effects. 
The symbiotic relationship of mutualism be-
tween bacteria and plants allows bacteria to 
produce the same bioactive compounds as 
those contained in their host plants (Barbara & 
Christine, 2006). The endophytic microorgan-
ism is a  microorganism that can be extracted 
from the inside of plants or isolated from 
seeds, root, stems, and twigs, and bark from 
various types of plants (Larran et al., 2016). An-
tioxidants are compounds that are able to 
eliminate, cleanse, resist the formation of reac-
tive oxygen and free radicals in the body. Free 
radicals are unstable atoms or molecules be-
cause they do not have unpaired electrons in 
their outer orbitals so it is very reactive to 
get electron pairs by binding to body cells.  If 
this happens continuously it can cause cell 
damage and death (Anita et al., 2015). The 
main function of antioxidants is used to re-
duce the oxidation process of fats and oils, re-
duce the occurrence of the process of damage 
in food, prolong the period of use in the food 
industry, increase the stability of fats con-
tained in food. Antioxidants are not only used 
in the food industry, the petroleum industry, 

the rubber industry and so on (Sahu et al., 
2013). 

On the contrary, metabolites of Syzygium 
aromaticum reported have low riboflavin (1.5 
μg/g) content but high ascorbate (985.6 μg/g) 
and tocopherol (660.6 μg/g) content (Larran et 
al., 2016). This study was aimed to isolate en-
dophytic bacteria, identify endophytic bacteria 
from clove (Syzygium aromaticum) leaves, to 
know the antioxidant activity, and analyze an-
tioxidant components produced by potential 
endophytic bacterial isolates. 
 
Material and Methods 
Isolation of Endophytic Bacteria 

In this study, clove (Syzygium aromaticum 
L.) leaves with characteristic good condition 
and from the middle grow of the stem were sur-
face-sterilized following the protocol by 
Sogandi et al., (2019) with modification. At first 
fresh leaves were washed with running tap wa-
ter, then surface sterilized with 2% sodium hy-
pochlorite for 5 min and washed with distilled 
water at least three times. The clove leaves 
sample finally washed with 70% ethanol and 
then evaporated. After evaporation of ethanol 
from the Clove leaves the surface, they were cut 
into small pieces (1×1 cm) and placed on the 
surface of Tryptone Soy Agar (TSA) plates sup-
plemented with nystatin and incubated at 37 
°C. The plates were checked each day after in-
oculation and after 3 days of incubation, the en-
dophytic bacteria from clove leaves sample was 
taken 7 colonies with the best morphology, pu-
rified with reculture isolate to make sure that’s 
literally single colony, numbered isolates are 
WDY1, WDY2, WDY3, WDY4, WDY5, WDY6, 
and WDY7, transferred separately to TSA slant 
as culture stock and kept at 4 ºC for further use. 

 
Preparation of Bacterial Culture 

Ten micro-liter isolates obtained were 
transferred to reaction tubes containing 50 mL 
of TSB medium. The isolate was incubated for 
24 h at 37 ºC. Cultures that have been incubated 
are transferred to the centrifuge by a centrifu-
gation process to separate the pellets from the 
supernatant. The culture was centrifuged at 
6000 rpm for 20 minutes. The obtained super-
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natant is stored at -20ºC. Next, the superna-
tant was measured for its antioxidant activity. 
Measurements are only made in culture super-
natants because the highest antioxidant activ-
ity is found in supernatants. 
DPPH Radical Scavenging Assay 

The antioxidant activity of the extracts was 
measured on the basis of the scavenging activ-
ity of the stable 1, 1- diphenyl 2- picrylhyorazyl 
(DPPH) free radical. As much as 0.5 mL of 100 
ppm DPPH solution in 1 mL methanol was 
mixed with 0.5 mL of plant extract. The mixture 
was shaken vigorously and allowed to stand at 
room temperature for 30 min. then, absorb-
ance was measured at 517 nm using a spectro-
photometer (UV-VIS, Shimadzu). The reference 
standard compound being used as ascorbic 
acid. The IC50 value of the sample, which is the 
concentration of the sample required to inhibit 
50% of the DPPH free radical, was calculated 
using the Log dose inhibition curve.     Lower 
absorbance of the reaction mixture indicated 
higher free radical activity (Sahu et al., 2013). 

 
Growth Curve Optimization 

Growing potential isolates in 5 mL TSB me-
dium then incubated overnight. Isolates poten-
tial was grown on TSB medium as much as 250 
mL. Then taken 1% and then cultured, the po-
tential isolate was incubated at 37 ºC for 24 h. 
every 2 h isolate culture was taken and trans-
ferred to sterile 2 mL micro-chemicals and 
stored at -20 ºC. The isolated culture read its 
absorption value at a wavelength of 600 nm 
then a growth curve was made. 

 
Strain Identification of Potential Isolate with 
16S rRNA Analysis 

Strains isolate potential was identified us-
ing the 16S rRNA gene. Total genomic DNA was 
extracted using a manual base on CTAB meth-
ods (Sogandi et al., 2019). With genomic DNA 
as the template, a portion of the bacterial 16S 
rRNA gene (±1400bp) was amplified using uni-
versal primers (27F and 1492R) designed by 
Jiang et al., (2006).  The 25 μL of PCR mixture 
contained 12.5 μL Taq Mix 2x, 1 μL primer for-
ward, 1 μL primer reverse, and 1 μL of genomic   
DNA with a concentration around 100 ng/μL as 
a template, and PCR grade water to make up the 

volume. A negative control (PCR mixture with-
out DNA template) was included for each PCR 
reaction. Amplification was carried out in ther-
mal cycler using the following condition 95 OC 
for 3 min, 35 denaturation cycles at 95 OC for 
15s, annealing temperatures 52 OC for the 30s, 
primer extension 72 OC for 45s and followed by 
a final extension at 72 OC for 3 min. The se-
quencing process was made at Macrogen, Ko-
rea. Furthermore, sequence of DNA was edited 
using ChromasPro software, alignment se-
quence by DNA MAN v9.0 software, aligned 
with the sequences in the NCBI Gene Bank by 
basic local alignment search tool (BLAST) pro-
gram to reveal the sequence homology with a 
closely related organism, and 16s r R N A  se-
quence of potential endophytes WDY6 were 
deposited in GenBank. Phylogenetic analysis 
using MEGA 7.0 software to determine the level 
of genetic relationship. This study used neigh-
bor-joining for statistical method, a bootstrap 
method for a  test of phylogeny with t h e  
number of bootstrap replications was 1000. 
The phylogenetic analysis was constructed us-
ing the MEGA 7.0 software package with modi-
fication (Tamura et al., 2011). 
 
GCMS Analysis of Antioxidant Compound  

Extract of secondary metabolite bacteria 
potential was isolated dissolved with acetone 
for the determination of bioactive compounds 
as antioxidant agents. Chemical analysis was 
conducted using gas chromatography coupled 
with mass spectrometry (GCMS Agilent Tech-
nologies 7890) equipped with the HP ultra 2 
Capillary Column (30 m × 0.20 mm LD, 0.11 
μm film thickness).  The column temperature, 
250 oC, carrier gas helium linear gas velocity, 30 
cm/sec, split ratio, 1/30, ion source tempera-
ture, 230 oC, and interface temperature 280 oC. 
The identification of chemicals was performed 
in comparison with the database and con-
firmed using authentic standard samples (Su-
hendar & Sogandi, 2019). 
 
Results and Discussion 
Isolation of Endophytic Bacteria from Clove 
Leaves (Syzygium gromaticum L.) 

Isolation of endophytic bacteria from Clove 
leaves (Syzygium aromaticum L) samples be-
gins with a method of surface sterilization. The 
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surface sterilization method is used to remove 
epiphytic microorganisms that are attached to 
plant samples. The addition of sodium hypo-
chlorite (NaOCl) is used for surface sterilization 
which is bactericidal and virucidal (Zinniel et 
al., 2002; Bolfoni et al., 2014). Seven isolated 
endophytic bacteria were selected based on 
morphological characteristics WDY1, WDY2, 
WDY3, WDY4, WDY5, WDY6, and WDY7. This 
result is consistent with Lodewyckx et al. 
(2002) which argue that endophytic bacteria 
can be isolated from the roots, leaves, stems, 
flowers, fruits, and seeds. 

The diversity of endophytic bacteria is de-
termined by the condition of plants as host 
plants for endophytic bacteria. This explains 
that physiological factors that influence the 
growth of host plants also affect the diversity of 
endophytic bacteria. Physiological factors in-
clude soil structure, plant age, geographical dis-
tribution, time of sampling, and types of plant 
tissue (Zinniel et al., 2002). 

 
Antioxidant Activity of Endophytic Bacterial 

The antioxidant activity test of endophytic 
bacteria isolates was carried out by the DPPH 
method. WDY6 isolate is the most potential iso-
late because it has antioxidant activity with the 
highest inhibitory value.   The results of the 

measurement of antioxidant activity of Clove 
leaves (Syzygium aromaticum L) endophytic 
bacteria isolates shown in Table 1. 

The antioxidant measurement result using 
DPPH method showed that the WDY6 isolate 
has highest acyvity. WDY6 isolate had inhibi-
tion of 68.90%. Vitamin C (ascorbic acid) as a 
positive control with a concentration of 100 
ppm has inhibition of 87.92%. The antioxidant 
activity of DPPH Clove leaves (Syzygium aro-
maticum L) extracts is depends on the solvent 
used in the extraction. There is a correlation be-
tween antioxidant activities with a total phe-
nolic compound. The polyphenol compounds 
such as quercetin and kaempferol should exist 
in the leaves. Methanol is the polar solvent 
which can pull out more polyphenol com-
pounds. The previous study reported that 
methanol extract of C. spinosa buds showed the 
result of rich in flavonoids including several 
quercetins and kaempferol glycosides. They 
demonstrated to possess strong antioxidant or 
free radical scavenging effectiveness. Vitamin C 
(ascorbic acid) used as a positive control in this 
study. Motlhanka, Habtemariam & Houghton 
(2008) revealed that ascorbic acid is widely 
used because it is seen as being safe and caus-
ing few adverse effects. 

 
Table 1. The    results    of the measurement    of antioxidant activity of Clove leaves (Syzygium 

aromaticum L) endophytic bacteria isolates 

Sample 
Average Inhibition (%) 

± standard deviation (SD) 
WDY1 59.20 ± 0.94 

WDY2 31.59 ± 0.78 

WDY3 39.92 ± 0.75 

WDY4 45.14 ± 0.38 

WDY5 63.80 ± 0.65 

WDY6 68.90 ± 0.94 

WDY7 55.84 ± 0.63 

Vit.C 87.92 ± 0.63 

Studies on medicinal plants or herbs with 
high phenolic contents have gained importance 
over the past few years due to the high antioxi-
dant, anti-carcinogenic activities, anti-inflam-
matory and are of great value in decreasing the 

risk of many human diseases (Demla & Verma, 
2012). The antioxidative activities observed 
can be attributed to either the different mecha-
nisms exhibited by different polyphenolic 
compounds that are tocopherols, flavonoids 
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and other organic acids and to the synergistic 
effects of different compounds. Many studies 
have shown that many polyphenols contribute 
significantly to the antioxidant activity and act 
as highly effective free radical scavengers 
which is mainly due to their redox properties, 
which can play an important role in absorbing 
and neutralizing free radicals, quenching sin-
glet and triplet oxygen or decomposing perox-
ides (Rojas et al., 2014). 

Clove leaves (Syzygium aromaticum L) have 
the antioxidant activity of eugenol. Eugenol al-
lows the donation of a hydrogen atom and sub-
sequent stabilization of the phenoxil radical 
generated forming stable compounds that do 
not start or propagate oxidation. The eugenol 
molecule possesses an interesting conjugation 
of the carbon chain with the aromatic ring 
which could participate in the stabilization of 
the phenoxyl radical by resonance. This chro-
mophoric system is also present in a molecule 
of resveratrol which is another important anti-
oxidant (Chaieb et al., 2007).  

In addition, this remarkable antioxidant ca-
pacity of Clove could be attributed to the higher 
content of phenolic components such as euge-
nol and eugenol acetate and to their hydrogen 
donating ability by which they are considered 
to be potent free radical scavengers (Stanbury 
et al., 2016). 

 
Growth Curve Optimization of WDY6 Isolate 

Based on the results, measurement of cell 
density and antioxidant compound production 
can be seen that the potential endophytic bac-
teria WDY6 beginning of the log phase at 0 to 
6 hours, this can be seen from the increase in 
absorbance that is not too high.  After the log 
phase, WDY6 isolate experiences an exponen-
tial phase which can be seen by increasing the 
absorbance value from the 8th till 28th hour. 
After that, the WDY6 isolate experience station-
ary phase which can be seen in the absorbance 
value at the 8th till 36th hour. 

Based on the result, secondary metabolites 
WDY6 isolate was produced after incubation at 
least 28 hours due to secondary metabolites 
are commonly produced in the late growth 
phase. Stanbury, Whitaker & Hall (2016) re-
vealed that each phase of bacterial growth will 

affect the number of metabolic products. A pri-
mary metabolite is produced in the exponential 
phase, whereas secondary metabolites are pro-
duced in the stationary phase (Sogandi & Ni-
lasari, 2019). Endophytic bacteria begin pro-
ducing active compounds after entering the 
stationary phase. This result also supported 
Sogandi, Mustofa, Artike, & Bugi (2015) that 
bacterial activity can be detected in mid growth 
exponential phase and quickly reach maximum 
in the initial stationary phase. The death phase 
of WDY6 isolate began to be seen at 56th hour 
after incubation because, at the 56th hour, the 
results of the isolate absorbance showed the 
lowest value. 

 
Molecular Identification of Endophytic Bac-
terial WDY6 Isolate 

From totally were seven isolates, WDY6 iso-
late was selected as potential isolates. Further-
more, isolation of the genome from this isolate 
was carried out. The isolate genome was ampli-
fied using the 16S rRNA gene using a PCR ma-
chine. PCR results were then electrophoresed 
using 0.8% agarose gel at 100 volts for 60 
minutes. Agarose gel was then visualized under 
UV light and DNA bands were obtained on the 
gel with a size of ± 1500 bp (Figure 1). 

 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Gel electrophoresis of PCR product 16s     

rRNA     gene amplification 
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After purification, the 16S rRNA gene se-
quence was determined. The partial sequences 
of 16S   rRNA obtained are aligned with the se-
quences of bases in the NCBI database. Se-
quencing of WDY6 isolate that has been 
aligned shows that the 16S rRNA gene in the 
isolate is ± 1500 bp (base pair). Furthermore, 
the 16s rRNA gene sequence of WDY6 isolate 
was registered to the Genbank NCBI database 
as Staphylococcus epidermidis. This supported 
by the reconstruction of phylogenetic trees to 

determine the relationship between species 
(Zhang et al., 2019). Bacterial sequence align-
ment with several other bacterial sequences 
taken from the NCBI GenBank database is done 
using clustal X2. In addition, the alignment re-
sults were entered into NJPlot to reconstruct 
phylogenetic trees. The results of phylogenetic 
tree reconstruction showed that WDY6 isolate 
had the closest relationship with Staphylococ-
cus epidermidis identify of similarity 100% 
(Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Cladogram resulted of 16s rRNA sequence of potential isolate WDY6 and its allied taxa 

Phylogenetic is a method used in system-
atics to understand the diversity of living things 
through the reconstruction of kinship relations 
(phylogenetic relationship). The phylogenetic 
tree is a graph used to describe the kinship con-
sisting of a number of points and branches with 
only one branch connecting the two closest 
points. Each point represents the taxonomic 
units and each branch represents the relation-
ships between units that describe the heredi-
tary relationship with the ancestors (Harris et 
al., 2002). 

Staphylococcus are Gram-positive bacteria, 
with diameters of 0.5-1.5μm and characterized 
by individual coccus, which divides in more 
than one plane to form grape-like clusters 
(Candrawati et al., 2018). The Staphylococcus 
are non-motile, non-spore forming facultative 
anaerobes that grow by aerobic respiration or 
by fermentation. Most species have a relative 
complex nutritional requirement, however, in 
general, they require an organic source of ni-
trogen, supplied by 5 to 12 essential amino ac-

ids, e.g. arginine, valine, and B vitamins, includ-
ing thiamine and nicotinamide (Khianngam et 
al., 2013).  
In addition to biologically active secondary me-
tabolites, bacterial endophytes also produce 
important antimicrobial enzymes. In a study 
looking for high producing enzyme endo-
phytes, in the mangrove in Thailand, Khian-
ngam et al. (2013) found that Gram-positive 
bacteria showed more hydrolytic activity com-
pared with that of Gram-negative ones. Unex-
pectedly, specific strains of S. epidermidis were 
observed to produce a nucleobase analog with 
the capacity to inhibit DNA synthesis. When ad-
ministered intravenously or topically applied 
to mice, this molecule or the live S. epidermidis 
strain itself suppressed tumor growth in vivo 
Nakatsuji et al., 2018). Furthermore, Nawang-
sih, Damayanti, Wiyono, & Kartika (2011) re-
ported that endophytic bacteria S. epidermidis 
as biological control of bacterial wilt pathogen 
(Ralstonia solanacearum) of tomato. 
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Identification of Compound Produced by En-
dophytic WDY6 Isolate 

A total of 17 secondary metabolites were 
identified from WDY6 isolate using GCMS 
which can be classified into several groups. The 
compounds with the highest concentration 
were benzyl hexahydropyrrolo [1,2-a] pyra-
zine-1,4- dione with a content of 21.48% at a 
retention time of 31.309. Our research before 
has been carried out pyrazine compound also 
containing on Noni fruits extract with strong 
antioxidant activity (Sogandi & Rabima, 2019). 

 

Figure 3. GCMS Spectogram result of secondary 
metabolite WDY6 isolate 

Pyrazine is a compound with nitrogen-con-
taining heterocyclic components and is the re-
sult of interactions between α- dicarbonyl 
while amines are interactions between α-
amino groups of amino acids. The role of amino 
acid chains in the formation of pyrazine is im-
portant, especially the part of the chain con-
taining nitrogen atoms such as glutamine, as-
paragine, and lysine (Yulia & Wijaya, 2015). Py-
razine belongs to an alkaloid compound be-
cause it has a nitrogen atom. Alkaloid com-
pounds in WDY6 isolate are thought to have 
antioxidant content. The presence of 2-Meth-
oxy-5-methyl pyrazine compounds that are as 
antioxidants. Wang et al. (2014) reported that 
a new pyrazine derivative was isolated and 
identified from the fermentation products of 
Jishengella endophytic 16111 endophytic with 
mangrove plant, Xylocarpus granatum. In addi-
tion, β-carboline alkaloids exhibited moderate 
anti-H1N1 virus activity and weak cytotoxicity. 

 
Table 2. GCMS results of secondary metabolite WDY6 isolate 

RT Compound Abundant (%) 

31.309 
Benzyl Hexahydropyrolol [1,2-A] Pyrazine-

1,4-dione 
21.48 

28.172 
3,5 dihydroxy-4,4 dimethyl-2,5 cyclohexa-

dien-1-one 
8.91 

29.186 Nitrophenylazo Tert-Butyl Sulfide 5.76 

30.358 2-Propylpiperidine 4.43 

 
Conclusion  

This study revealed endophytic bacteria 
Staphylococcus epidermidis strain WDY6 was 
isolated from Syzygium aromaticum L leaves. 
Secondary metabolite WDY6 show antioxidant 
activity with 68,90% inhibition against DPPH 
free radicals. Furthermore, WDY6 isolate was 
produced pyrazine as bioactive compounds. 
Looking at the result of this study, isolate 
WDY6 can be used as natural resources for 
medical industries.  
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