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INTRODUCTION

In recent years, the use of plant in manufacturing of pharma-
ceutical products has become increasingly common. Different
studies illustrated the activities and effectiveness of compounds
derived from medicinal plants. Essential oils, obtained from
different plant species have been used and in practical applica-
tions and in many fields of production such as antimicrobial
compounds, medicine and food additives [1-10].

Kaffir lime (Citrus hystrix DC) belongs to the Rutaceae
family which is cultivated mainly in different asian countries
such as Vietnam and Thailand [11,12]. Kaffir lime has an exce-
llent potential in scientific research due to the presence of a
large number of bioactive compounds with antimicrobial and
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In this study, kaffir lime peel was used for extraction of essential oil by hydrodistillation and evaluation of physico-chemical characteristics.
The yield of essential oil was 1.8 %. The physico-chemical parameters averaged specific gravity (0.8587g/cm3), acid index (0.667 mg
KOH/g), ester index (4.203 mg KOH/g), refractive index (1.469), rotator power +3. Twenty-three components were classified in kaffir
lime peel oils. The result of GC-MS revealed that the oil is extremely rich in α-pinene (35.54 %), Eucalyptol (20.902 %), camphene
(4.384 %), bicyclo[3.1.1]hept-3-en-2-one (7.794 %), caryophyllene (1.225 %), endo-borneol (4.147 %), bornyl acetate (4.065%). The
aim of this study is to promote for further research on extraction enhancement and application of that constituents to cosmetics, medicine
and food industries to enhance antioxidant and anti-bacterial capabilities create more useful formulations.
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antioxidant activity. Previous study shows that there are diffe-
rent compounds obtained from essential oil kaffr lime peel such
as α-pinene, myrcene, terpinolene, and so on [13]. D-limonene
is one of the significant constituents of kaffir lime, which prevents
carcinogenic properties and is cancer chemopreventive [14].
Kaffir lime oil plays a vital role in the aromatherapy and cos-
metic applications due to its antimicrobial activities [15].
Thirty-eight components were classified in the essential leaf
oil of kaffir lime occupying 89 % of the total oil [16].

Steam hydrodistillation extraction is a common extraction
method and suitable for most of the plant materials. The techni-
que is also inexpensive and holds potential for commercializa-
tion. The quality of kaffir lime peel essential oil is estimated
based on GC-MS [13,17]. Even though previous studies have



highlighted the essential oil can be obtained from kaffir lime
leaves, the oil yield extracted from the peel has been shown to
be higher than that from leaves [18]. The aim of this study is to
determine the physico-chemical properties of the kaffir lime
peel and characterization of its essential oil. The chemical
composition analysis is done through gas-chromatography
coupled with mass spectrometry (GC-MS).

EXPERIMENTAL

Kaffir lime samples are harvested and selected from the
border area of An Giang province (coordinates 10º 22′52 B
105º 25′12 D), located in the southwest of Vietnam. Mature
fruits are washed and dried at room temperature. Then, the lemon
is peeled off the shell.The flesh was removed and crushed in
the blender for 10 s to the size of approximately 0.5 mm. In
average, 1 kg of kaffir lime resulted in 0.5 kg of shell.

Extraction of essential oil of kaffir lime: By using auto-
mated steam distillation process, essential oil were extracted
from fresh (within 1 day) peels (500 g/batch), steam running
speed is slightly 12 mL/min. The total running time is 3.5 h
(after about 15 min starting from the first liquid drop).

Physico-chemical analyses: Preliminary analysis of the
quality of essential oils was performed by sensesto study the
external signs such as smell, taste, colour, transparency (TCVN
8460: 2010). Some basic physical and chemical parameters
of the raw materials have been identified including some criteria
for finished oil products analyzed by TCVN: density of essential
oils, acid index (TCVN 8450: 2010), ester index (TCVN 8451:
2010), rotator power and refractive index. The experiments
were repeated three times.

GC-MS analysis of chemical composition: GC-MS is
applied to investigate the composition of the essential oils of
all samples. Briefly, 25 µL of sample of essential oil was mixed
in 1.0 mL of n-hexane. The used instrument was GC Agilent
6890N, MS 5973 inert with HP5-MS column, head column
pressure 9.3 psi. GC-MS system was performed following
conditions: carrier gas He; flow rate 1.0 mL/min; split 1:100;
injection volume 1.0 µL; injection temperature 250 ºC; oven
temperature progress included an initial hold at 50 ºC for 2
min, then increased by 2 ºC/min to 80 ºC, and increased by 5
ºC/min to 150 ºC, continue rising to 200 ºC at 10 ºC/min and
rise to 300 ºC at 20 ºC/min for 5 min.

RESULTS AND DISCUSSION

Kaffir lime essential oil yield achieved 1.8 % by steam distil-
lation. The yield of essential oil is higher than a report of Kasuan
[19] where a yield of 1.34 % was attained. The obtained essential
oil was a clear liquid, insoluble in water and very volatile. The
oil had a light yellow and light fragrance. The measured density
of essential oils was 0.8587, which is lower than 1 indicated
that essential oils are lighter than water. In the sense of the
indicators, the acid index would be indicative of free acids in
the oil. In addition, low acid index (0.667) shows that kaffir
lime oil shows fine quality in terms of odour and essential oil
content of a newly extracted essential oil. The acid index depends
on the extraction method, freshness and storage time of the
essential oil. When being stored for a long time, acidity of the
essential oil will increase due to oxidation and esterification

in the degraded essential oil. On the other hand, high measured
ester index (4.203) indicates abundance of ester and glycerin
existing in kaffir lime oil, in which the latter primarily contri-
butes to the aroma of many essential oils (Table-1).

TABLE-1 
CHEMICAL INDEXES OF ESSENTIAL OIL OF KAFFIR LIME 

Organoleptic characteristics  
Aspect  Liquid 
Colour  Clear liquid, light yellow  
Odour  Specific 
Density at 20 °C 0.8587 
Acid index 0.667 
Ester index 4.203 
Rotator power +3 
Refractive index 1.469 

 
Present study revealed that steam distillation of the samples

gave different amounts of essential oil. Table-2 shows that 20
components were identified in steam distillation oil of kaffir
lime, and GC chromatogram of peel essential oil is presented
in Fig. 1. To obtain accurate peaks at 9.2 and 9.3, measurement
and dilution were performed twice. A peak at 11.97 is a mixture
of limonene and sylvestrene. The major components were α-
pinene (34.741 %), sabinene (23.637%), D-limonene (19.08
%), citronellal (8.181 %) and α-pinene (3.378%). The results
revealed that α-pinene was a main active compound of Citrus
hystrix peel oil. All other components represent in amount
lower than 2 %. In GC-MS, the retention time is the time at
which the compound elutes from the column. Most of the main
compounds of Citrus hystrix essential oils appear after 15 min
of steam distillation, volatiles (sabinene, α-pinene, limonene
and α-pinene) have resulted in a high maximum area ratio. In
addition, the extraction time longer than 15 min does not raise
the maximum area ratio of most volatiles. As can be seen from
Table-2, the major compounds found from the oil samples are

TABLE-2 
CHEMICAL COMPOSITION, RETENTION INDICES  

AND PERCENTAGE COMPOSITION OFKAFFIR  
LIME ESSENTIAL OILKAFFIR LIME 

Peak Compound R.T This study % 
1 Origanene 7.167 0.264 
2 α-Pinene 7.397 3.378 
3 Camphene 7.983 0.222 
4 Sabinene 9.196 23.637 
5 β-Pinene 9.3 34.741 
6 β-Myrcene 10.095 1.04 
7 Terpilene 11.298 0.66 
8 D-Limonene 11.967 19.08 
9 Moslene 13.692 1.081 

10 Linalool oxide 14.529 0.907 
11 Terpinolene 15.449 0.158 
12 Linalyl oxide 15.501 0.581 
13 Linalol 16.338 0.603 
14 Citronellal 19.391 8.181 
15 L-4-terpineol 20.395 3.178 
16 α-Terpineol 21.075 1.205 
17 Copaene 27.83 0.39 
18 β-Cubebene 28.29 0.232 
19 Caryophyllene 29.158 0.244 
20 Cadinene 32.023 0.218 
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Fig. 1. Result of chromatography of Kaffir lime peels essential oil

α-pinene, sabinene and limonene, which are higher than
previously reported results [20-22]. Furthermore, the previous
studies showed thatconsiderable differences were observed in
kaffir lime essential oil composition: L-citronellal (12.56 %),
L-limonene (11.78 %), sabinene (20.13 %), linalool (1.82 %),
β-citronellol (3.34 %), citronellyl (1.67 %) [18]. However, α-
pinene, which gives a woody-green odour to the oil sample,
contributes to the highest concentration in extracted oil samples
gives a woody-green odour to the oil sample. The other essential
compounds are limonene and sabinene which help increase
spiciness taste and distinctively strong aroma, respectively.
Kaffir lime oil was composed of oxygenated monoterpene and
hydrocarbon monoterpene components that have similar boiling
points.

Fig. 2 compared different compositions of kaffir lime peel
oil in different countries [23]. There are four main compounds
in kaffir lime peel oil including limonene, sabinene, α-pinene,
and citronellal. Fig. 3 illustrates the MS spectrum of volatiles
compounds from kaffir lime peels oil including abinene,
β-pinene, limonene and citronella.These differences are mainly
due to monoterpene bicyclic hydrocarbons such as sabinene,
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Fig. 2. Comparison of main compounds obtained from Kaffir lime peel oil
grown in different countries

β-pinene and α-pinene in the heated aqueous medium, which
are susceptible to isomerization and hydration reactions and
therefore tend to disappear in distilled oils.

Conclusion

Kaffir lime (Citrus hystrix DC) essential oil was studied
in this research for its physico-chemical characteristics and
composition. The essential oil yields achieved 1.8 %. Physico-
chemical parameters included average specific gravity (0.8587
g/cm3), ester index (4.203 mg KOH/g), acid index (0.667 mg
KOH/g), refractive index (1.469) and rotator power of +3. More-
over, this research has identified the volatile, aromtic compounds
and key odorants of fresh and dried kaffir lime leaves identified
by GC-MS. Essential oils contain 20 main ingredients in which
major constituents are β-pinene (34.741 %), sabinene (23.637
%), D-limonene (19.08%), citronellal (8.181 %) and α-pinene
(3.378%). The results obtained showed Citrus hystrix peel
contains more amount of β-pinene per unit volume of essential
oil. The results showed the different chemical components as
well as the physico-chemical properties of essential oils
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Fig. 3. MS spectra of volatiles compounds from Kaffir lime peels oil, sabinene (a), β-pinene (b), limonene (c), citronellal (d)
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affected by environmental conditions, extraction methods, and
harvesting season. In conclusion, this study confirmed the
important role of essential oil of Citrus hystrix in cosmetic
application.
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