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ABSTRACT

Introduction: Streptococcus mutans has been known to play a major role in dental caries development. 
This tooth decay is the most common oral disease affecting people in the world. Hence, discovering 
the new herbal antibacterial agent seems to become more promising yet challenging. One of natural 
antibacterial source is the peel of Citrus aurantifolia, as it may contain antibacterial active compounds 
against pathogenic oral microbes. This study was aimed to isolate antibacterial compound from essential 
oil of Citrus aurantifolia and to analyse its antibacterial activity against oral Streptococcus mutans ATCC 
25175. Methods: Type of research was laboratory experimental. The essential oil was isolated from peel 
of Citrus aurantifolia by hydro-distillation technique and further isolation of antibacterial compounds 
was conducted by combination column chromatography using organic solvent, and the structure was 
determined by UV-Vis, infrared (IR), 1D NMR of 1H-, 13C-NMR and DEPT 135° in CDCl3 spectrometers 
methods. The antibacterial activity was tested against Streptococcus mutans ATCC 25175 using the Kirby-
Bauer method. Results: 0.75% yield was obtained from the essential oil of peel Citrus aurantifolia and 
after purification, an antibacterial compound was identified as β-pinene with the molecular formula 
C10H16. Furthermore, the β-pinene from peel of Citrus aurantifolia exerted inhibition growth against 
Streptococcus mutans at concentration of 2000, 1000, and 500 ppm by showing respectively, inhibition 
values of 13.0, 11.9, and 11.6 mm on paper disk. Conclusion: In the present study, the essential oil 
of Citrus aurantifolia peel is proven to contain prospective antibacterial compound (β-pinene) that 
potentially can be used as natural antibacterial alternative choice to manage oral disease associated 
with Streptococcus mutans infection.
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INTRODUCTION 

Dissolution of enamel minerals that leads to 
dental caries is recognized to take multiples 
steps to occur. This chronical process of caries 
development is influenced by microbial acid 
formation from the substrate, followed by the 
organic component destruction, and consequently 
form cavitation.1 Furthermore, bacteria play a big 
role in the incidence of caries. Oral Streptococcus 
mutans (S. mutans) is considered to be responsible 
for colonization in dental biofilm and known to 
support the attachment of other oral bacteria 
to the tooth enamel, and implicated in acid 
dissolution.2,3 In addition, S. mutans was found 
to be the most cariogenic oral Streptococcus and 
involved in plaque formation as well as dental 
caries initiation.4 The repeated administration of 
synthetic antimicrobial drugs has been causing 
drug resistance.5 For example, the prevalence 
of clindamycin resistance was found to be 37.8% 
and 5.5% towards S. mutans and S. sanguinis, 
respectively.5

Presently, there is minimal used of medicinal 
natural product in dentistry. The high number of 
dental caries prevalence in Indonesia and the 
increase of antibacterial drug resistance have 
generated the need to find a more bio-acceptable 
drug from natural product against dental caries. 
We considered to study lime or Jeruk nipis (Citrus 
aurantifolia) and its effect on S. mutans. Citrus 
genus easily grows in tropical regions in the 
northern and southern hemisphere. The fruits 
are well-known to have delicious taste, aromatic 
smell, and contains high vitamin C. These fruits 
are widely used in traditional medicine to treat 
cataracts, colds, sore throats, fevers, chest pain, 
earaches, headaches, stomach ailments, and 
edema. Also, there have been applications as 
antiseptic, anthelmintic, mosquito repellent, anti-
scurvy, digestion stimulant substance, and others. 
Furthermore, the Citrus juice and its essential oils 
are commonly used as daily drink, medicine, and 
cosmetics industries, for its medicinal properties 
and delightful smell.6,7,8,9 These Citrus fruits are 
extensively used worldwide, including lime or 
Citrus aurantifolia (C. aurantifolia that grows in 
numerous tropical and subtropical regions, and 
categorized as a polyembriony.10 Generally, we 
consume the pulp part of lime, while the peel 

is removed. It was reported that the peel of C. 
aurantifolia comprise of various benefits such 
as antibacterial effect.11 Lang et al.12 reported 
the active compounds that responsible as 
antibacterial in Citrus peels oil, encompassing 
the monoterpenes component. The essential 
oils generated from C. aurantifolia have been 
applied in mouthwash and showed the ability to 
inhibit S. mutans growth. It has been revealed 
that C. aurantifolia essential oils contain several 
compounds, however, the main compounds of 
C. aurantifolia essential oil include d-limonene, 
α-terpineol, terpinen-4-ol, and β-pinenesynthesis 
of lime oil (Citrus aurantifolia).13

This current study describes the isolation 
yield from C. aurantifolia essential oils, followed 
by the identification of antibacterial chemical 
structures, and its antibacterial susceptibility test 
against S. mutans. This study was aimed to isolate 
antibacterial compound from essential oil of 
Citrus aurantifolia and to analyze its antibacterial 
activity against bacteria Streptococcus mutans 
ATCC 25175.

METHODS

Research materials and equipment
Research Materials: Jeruk nipis (C. aurantifolia) 
was obtained from Gedebage Main Market, 
Bandung, Jawa Barat, Indonesia, and fruit was 
identified at The Plant Taxonomy Laboratory, 
Department of Biology, Faculty of Mathematics 
and Natural Sciences, Padjadjaran University. 
The chemicals comprised of various types of 
technical organic solvents (redistilled) and 
pro-analysts’ grade, silica G 60 (70-230 mesh) 
and octadecylsilane (ODS RP-18) for column 
chromatography (CC), silica G 60 F254 for thin layer 
chromatography (TLC), f 10% H2SO4 (v/v) solution 
in ethanol as TLC coloring reagents. The oral S. 
mutans ATCC 25175 and required materials for 
antibacterial activity test were obtained from the 
Research Laboratory, Department of Chemistry, 
FMIPA, Universitas Padjadjaran.

Equipment: Buchi R 144 type rotary 
evaporator fortified with Buchi’s B 169 vacuum 
system and open column chromatography 
apparatus. The isolates were identified using NMR 
JEOL type ECA 500 spectrometers with 500 MHz 
magnetic field, mass spectrometer.
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Isolation of essential oil and antibacterial com-
pounds from C. aurantifolia 
The essential of peel part of C. aurantifolia was 
prepared and isolated using the hydro-distillation 
method. The sample of fruit peels (1 kg) was 
continuously distilled for 3 hours. Furthermore, 
the resulted essential oil was stored in dark vial 
bottles with lid tightly closed and stored them in 
a dry and cool place. This operation was repeated 
to attain sufficient amount of essential oil.

For isolation of active compound, the es-
sential oil compound was separated through com-
bination of various chromatographic techniques 
on normal (Silica G 60) and reverse phase (ODS RP-
18), eluted by variation organic mixture solvents 
of n-hexane and ethyl acetate with the polarity 
gradually being increased. All separation steps 
were guided and controlled by thin layer chroma-
tography techniques, using 10% sulfuric acid stain 
reagent diluted in ethanol. 

Characterization of chemical structure of iso-
late 
The structure of active compound was determined 
and identified by spectroscopic method using UV-
Vis spectrometers (Perkin-Elmer brand type Lamb-
da 35), infrared (IR) spectrometers, 1D NMR of 1H-, 
13C-NMR and DEPT 135° in CDCl3 as solvent at 125 
and 500 Mhz spectrometers methods, respectively. 

Antibacterial activitys test against S. mutans 
ATCC 25175  
The antibacterial activity of essential oils of peel 
part of C. aurantifolia were performed against 
S. mutans ATCC 25175 using the Kirby-Bauer Disk 
Diffusion method, with Mueller Hinton (MH) media 
agar. A total of one dose oral S. mutans ATCC 
25175 from the stock was inoculated into a sterile 
test tube containing 4 mL of physiological NaCl 
suspension, to achieve a turbidity level of 1/2 
McFarland. Therefore, each unit was incubated at 
37°C for 2 x 16-18 hours.

Cotton stick was dipped into S. mutans 
ATCC 25175 suspension and applied to the media 
surface before distributed evenly. Subsequently, 
50 µL of sample, chlorhexidine (positive control) 
and ethyl acetate (negative control) were dripped 
on paper disk and then placed on the blood agar 
medium. This was followed by incubation at 37°C 
for 2 x 24 hours.

RESULTS

Isolation of essential oil  and compound 1 
Fresh peel fruit C. aurantifolia (1 kg) was cut 
into small pieces and the essential oil compounds 
was extracted by hydro-distillation method for 
3 hours to yield 7.523 g (or 0.75%) of yellowish 
oil. For separation and purification of its active 
compounds, the resulted 7.523 g essential oil was 
subjected to column chromatographed on Silica G 
60 (230-400 mesh) and eluted with 10% n-hexane-
ethyl acetate stepwise manner, respectively. The 
eluted fractions with n-hexane-ethyl acetate 
were by 6:4 to 5:5 being re-chromatographed 
on Silica G 60 (230-400 mesh) which eluted with 
n-hexane-ethyl acetate by 98:2, continuously. The 
pure compound was isolated as 3 mg colorless oil, 
showed as single spot by 2D TLC analysis on Silica G 
60 F254 eluted with n-hexane-ethyl acetate (95:5) 
and n-hexane-chloroform (5:5), respectively.

Structure determination of compound 1 
The structure of compound 1 was identified by 
comprehensive analysis of UV, IR, NMR, and MS 
spectral data. Compound 1 showed no absorption 
on UV light at λmax 254 and 365 nm, respectively, 
those indication of no free electron pairs group 
in its structure. The IR spectrum of 1 indicated 
absorption signals at 2926, 1645, 1459, 1370 - 
1390, and 907 cm-1 those that corresponding to the 
present functional groups of C-H aliphatic, C-H 
olefinic; C-H cyclic; gem dimethyl and bending 
C-H of olefinic, respectively. 

The 1H-NMR of compound 1 showed two 
olefinic proton (sp2) signals at 4.10 and 5.08 ppm, 
together with two methyl proton signals at 0.88 
and 1.11 ppm, respectively. Further analysis, 

the 13C-NMR and DEPT 135° indicated 10 carbon 
signals including 8 of sp3 for two methyl at 22.9 & 
26.2 ppm, three methylene at 22.8, 22.8 & 27.0 
ppm, two methines at 39.5 & 55.0 ppm, and a 
quaternary carbon at 38.9 ppm, respectively. Two 
other olefinic sp2 carbons were identified at 106.7 
and 153.4 ppm. In order to determine molecular 
formula of 1 and to confirm with UV, IR and NMR 
data, the compound 1 was measured by TOF ESI-
MS, and spectra showed molecular ion peak [M+H+] 
at m/z 135.4595. The compound 1 was predicted 
to have DBE of three which corresponding to one 
double bond and two cyclic rings. Based on the 
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comprehensive analysis of all spectral data and 
confirmed with published papers, compound 1 
was identified as monoterpenoid of β-pinene 
or identified as 6,6-Dimethyl-2-methylenebicyclo 
[3.1.1] heptane. The structure is shown in Figure 
1.14,15,16

extract with an end yield of 0.75% (from 1 kg). 
This result is weighed to be improved compared to 
previous reported studies which obtained the final 
extract in the range of 0.32-0.60%.17 

According to the antibacterial assay results 
that displayed in the Table 1, the essential oil of 
peel C. aurantifolia had an active antibacterial 
against S. mutans ATCC 25175. The antibacterial 
activity demonstrated by the inhibition zones 
with values of 11.8 and 11.0 mm after exposed 
by essential oils at concentration of 2000 and 
1000 ppm, respectively. The antibacterial activity 
finding is important to guide the separation 
and isolation process of its active antibacterial 
compounds. 

Five essential oils extracted from C. nobilis, 
C. histryx, C.limon, C. aurantifolia, dan C. sinensis 
have been indicated to inhibit  bacterial growth of 
S. mutans, and the most active antibacterial was 
recorded from C. aurantifolia.18 Another study 
by Lemes et al.19 found that the essential oils of  
leaves and fruits of C. aurantifolia were effective 
against Streptococcus mutans dan Lactobacillus 
case with identified chemicals compounds include 
limonene (77.5%), linalool (20.1%), citronellal 
(14.5%) and citronellol (14.2%), respectively.20

β-pinene compound exhibited antibacterial 
activity towards S. mutans ATCC 25175 showed 
inhibitions growth zones of 13.1, 11.9, and 11.6 
mm at concentrations of 2000, 1000 and 500 
ppm, respectively (Table 1). β-pinene compound 
was identified by separation and purifications 
of the peel C. aurantifolia essential oil using 
combinations of column chromatography methods. 
The antibacterial activity of the β-pinene 
appeared to be stronger than the essential oil 
itself, however, it was weaker compared to 
chlorhexidine as positive control. 

According to the inhibition’s growth zones 
measurement, the β-pinene showed slightly 
higher values compared with the inhibition 
growth exposed by essential oil. It was predicted 
that some of un-isolated compounds in essential 
oils also effected its antibacterial activity. Some 
studies indicated that the essential oils possess 
synergic and antagonist effect to each other that 
may lower its inhibition growth effect.21 The active 
compounds that have been revealed in essential 
oils such as citronellal, linalool and pinene of C. 
hystrix were considered to have a synergic effect 

Table 1. Inhibition zones (mm) of Peel Citrus aurantifolia 
extracts against Streptococcus mutans ATCC 25175  

Samples
Concentrations (ppm)

2000 1000 500

β-pinene 13.1 13.1 11.9 11.9 11.6 11.6

Essential oil 11.8 11.8 10.0 10.0 - -

Ethyl acetate 0 0 0 0 0 0

Chlorhexidine 17.0 19.0

Figure 1. Structure of β-pinene (compound 1)
Compound 1: 13C-NMR: δc 55.0 (C-1), 153.4 (C-
2), 22.8 (C-3), 22.8 (C-4), 39.5 (C-5), 38.9 (C-6), 
27.0 (C-7), 26.2 (C-8), 22.9 (C-9), 106.7 (C-10). 
1H-NMR: δH 2.04 (1H, m, H-1), 2.16 (2H, m, H-3), 
1.68 (2H, m, H-4), 1.75 (1H, m, H-5), 1.60 (2H, m, 
H-7), 0.88 (3H, m, H-8), 1.11 (3H, m, H-9), 4.10 
(1H, m, H-10a) & 5.08 (1H, m, H-10b))

Antibacterial activity of compound 1(β-pinene) 
against S. mutans ATCC 25175  
The bioactivity of the essential oil and compound 
1 (β-pinene) isolated from C. aurantifolia as 
antibacterial agent was evaluated against S. 
mutans. The chlorhexidine and ethyl acetate 
were used as positive and negative controls, 
respectively. The assay result showed that 
compound 1(β-pinene) showed inhibition growth 
at all concentrations assay, while the essential 
oil of C. aurantifolia showed inhibition only at 
concentration of 1000 and 2000 ppm, as can be 
seen in Table 1.

DISCUSSION

This current study has successfully isolated the 
essential oil from peel of Citrus aurantifolia 
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against P. gingivalis, S. sanguinis and S. mutans, 
respectively.22

The β-pinene was also reported to 
have antimicrobe against Candida albicans, 
Cryptococcus neoformans, Rhizopus oryzae and 
methicillin-resistant Staphylococcus aureus 
(MRSA),23 However, our current study may be the 
first to report β-pinene isolated from peel of C. 
aurantifolia to have an antibacterial against oral 
S. mutans ATCC 25175. The previous study may 
strengthen our finding as the two derivative 
compounds of β-pinene which were identified as 
linalool and a-terpineol have been indicated to 
have antibacterial effect against periodontopathic 
and cariogenic bacteria.24 

In addition, some studies showed that 
essential oil of C. aurantifolia not only possess 
antioxidant activity tested by DPPH assay, but 
also carry antibacterial agent against S. aureus 
and E. coli, respectively.25,26 The root part of 
C. aurantifolia exhibited antimicrobe against 
Staphylococcus aureus, Klebsiella pneumoniae, 
Proteus mirabilis, Pseudomonas aeruginosa, 
β-haemolytic, respectively.27 Based on these 
findings, we suggest that the essential oils which 
proven to contain β-pinene and their derivatives 
to be considered as a promising antibacterial 
agent from natural source to treat and cure oral 
disease cause by oral pathogen bacteria. 

CONCLUSION

In the present study, the β-pinene compound 
was successfully isolated and identified from 
the essential oil of peel part of Jeruk nipis (C. 
aurantifolia) which further exhibited antibacterial 
effect against S. mutans ATCC 25175. The 
antibacterial activity of this compound can be 
used to escort further isolation of other active 
compounds, as well as to determine an effective 
dose in further study using bioassay both in vitro 
and in vivo. 
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