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Abstract: Citrus commonly known as lemon is well established for its
pharmaceutical and economic importance. The volatile compounds of peel of
C.medica var acidica (Rutaceae) were analysed using GC, GC-MS. Analysis of
the oil resulted in the identification of 20 compounds, representing 95.17% of the
oil. The major compounds of the oil are d-limonene (9.66%), geraniol (24.56%),
geranial (31.54%), neral acetate (9.33%), geranyl acetate (6.2%). The samples
viz. essential oil (A), it’s pure constituents geraniol (B) and geranial (C) were
subjected to a screening for its possible antioxidant activity by using B-carotene-
linoleic acid assays. It was found that the total essential oil (A), its pure
constituent’s geraniol (B) and geranial (C) have marked to significant antioxidant
activity. In B-carotene-linoleic acid system, C. medica essential oil (A), geraniol
(B) and geranial (C) exhibited -59.64 + 1%, 24.56 % and 31.56% antioxidant
activity.

Keywords: Citrus medica var acidica, essential oil, chemical composition,
geraniol, geranial, antioxidant activity.
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INTRODUCTION

Citrus medica var acidica (Rutaceae) is found in the base region of Himalya, from Gadwal to
Sikkim at the height of 4000 feet. It is also seen in Assam, central India and Western Ghats of
India. Citrus,commonly known as lemon is well established for its pharmaceutical and economic
importance. Lemon is used for the treatments of fever, anxiety, soar throat, blood pressure,
diarrhea, arthritis, gall stones, digestive problems and nervous conditions.It is used as a tonic,
astringent, antiseptic, laxative and tones the liver. The essential oils from the genus Citrus are
natural flavoring materials of commercial importance and in India, local people use it as a good
source of fresh juice. Its juice is used mostly in digestion related problems, also given in
conditions like nausea, emesis, piles and wormal infestation and acts in stimulating liver for
proper secretion of bile juices. It is also used in controlling cough, cold and asthma, menstrual
disturbances. It is very widely used in rehabilitating alcoholics and drinking habits. Its leaves are
externally used in case of pains and inflammation on the external body part, skin disorders and
paste of seeds is also very helpful in scorpion bite -2,

Citrus medica L. cv. Diamante (Diamante citron) peel extract showed hypoglycaemic activity and
an anticholinesterase effect *. Gao et al have reported limettin, stigmasta-5, 22-dien from Citrus
medica L.var. sarcodactylis . Previous reports of different cultivars of C.medica var acidica oil
indicate varying concentration of citronellal (27.5 to 63 %), citronellol (13.0 to 15.1%) and
limonene (8 to 55.5%), apart from other compounds ° .In vitro, the antioxidant activities of
monoterpenes and diterpenes have been reported earlier and terpenoids/ isoprenoids like a, B, 6-
carotenes, lycopene, astaxanthine, lutein and zeaxanthene are well known antioxidants.
Monoterpenes help to stimulate the levels of liver enzymes that aid in detoxifying carcinogens
and trigger apoptosis and considered to be responsible for the health promoting properties of
fruits and vegetables 6. Citrus limonoids possess antitumour, anticarcinogenic and antifeedant
activity against insects and show synergestic effect in prevention of certain types of cancers and
cardiovascular diseases ‘. Citrus peel, a by product of the juice industry, possesses detergent
constituents, is used as antimicrobial agent ! and is rich source of essential oils and flavonoids. It
has been investigated as a new source of antioxidant, in terms of 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging, -carotene bleaching and nitrite scavenging activities 2,

Citrus peel is a byproduct of the juice industry and has been investigated for its antioxidant
activity, in terms of B-carotene bleaching activity  °. It have been reported as a major source of
dietary d-limonene, with a potential protective effect in relation to squamous cell carcinoma of
the skin 2. The aim of the present study was to evaluate the in vitro antioxidant ability of the
volatile component of Citrus medica var acidica.In vitro, antioxidant activity was determined by
using PB-carotene linoleic acid system. The chemical composition of the essential oil was
evaluated by using GC, retention indices (RI) and GC-MS 416,

MATERIALS AND METHODS

Plant Material: Fruits of C.medica var acidica were collected from Lucknow (UP, India), in
season Nov-Jan. The plant material (voucher specimen no. 227540) was identified by the
taxonomic department of National Botanical Research Institute, Lucknow, India. The same has
been deposited to the herbarium of the institute. The fresh peels were separated from the fruit for
present studies.
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Instruments

a) GC-Perkin Elmer Autosystem XL gas chromatograph equipped with column PE-5 (50m
X 0.32mm X 0.25um/4 film), Norwalk CT, USA.

b) GC/MS Perkin Elmer turbo mass coupled with GC-AutoXL, Norwalk CT, USA, mass
selective detector in the electron impact mode (70 eV).

c) Varian Cary 50 Bio UV Visible spectrophotometer.

Chemicals and Reagents: The linoleic acid and p-carotene were purchased from Acros, USA,
Tween 40 (Sigma- Aldrich Co., USA), Methanol and chloroform (HPLC grade) and other
analytical grade chemicals from E. Merck, India. o and B-Pinene, geraniol, geranial, geranyl
acetate, neral acetate were procured from Flavour and Fragrance Development Center, Kannouj,
India. The components were identified based on the comparison of their relative retention time
and mass spectra with those of standards, the NIST98 and Wiley275 library data and literature.
Relative RI were calculated using a GC data of a homologous series of saturated aliphatic
hydrocarbons within C8 to C22, performed at the same column and conditions as used in the GC
analysis for the essential oils 121718,

Extraction of Essential Oil Hydrodistillation Method: The fruit peels of C.medica var acidica
(100g) were crushed and subjected to hydrodistillation for 4 hrs using Clevenger’s apparatus °.
The oil obtained (yield 1.1%) was dried over anhydrous sodium sulphate and preserved at -20°C
temperature.

GCMS Studies of Essential Oil

a) GC analysis was performed on a GC-Perkin Elmer Autosystem XL gas chromatograph
equipped with column PE-5 (50m X 0.32mm X 0.25pum/4 film), Norwalk CT, USA.
Injector and detector temperatures were set at 100 and 280°C, respectively. The oven
temperature was held at 50°C for 3 min, then programmed to 280°C at a rate of 3°C /min.
Helium was the carrier gas at a flow rate of 1.26 ml/min and with inlet pressure 10 psi.
Turbochrom software was used for the determination of the percentage of components.

b) GC-MS analysis of the essential oil was performed under the same conditions with GC
(column, oven temperature, flow rate of the carrier gas) using a GC/MS Perkin Elmer
turbo mass coupled with GC-AutoXL, Norwalk CT, USA, mass selective detector in the
electron impact mode (70 eV).

Antioxidant Activity by B-carotene Bleaching Assay: Antioxidant activity of Citrus essential
oils and synthetic antioxidant (BHT) were determined by the method of B-carotene bleaching
20.21 1 mg of B-Carotene was dissolved in 40 ml of chloroform (HPLC grade). This solution
(3mL) was added to 40 mg linoleic acid and 400 mg Tween 40. Chloroform was removed under
vacuum and aerated distilled water (100 mL) was added to the -carotene emulsion with vigorous
shaking. Aliquots (6 mL) of this emulsion were transferred into test tubes containing essential oils
and the absorbance was measured at 470 nm using a UV visible spectrophotometer, at zero time.
The tubes were incubated at 50°C in a water bath for 60 min and absorbance was again measured
at 470 nm. Methanol (HPLC grade) was used instead of essential oil as a control treatment. BHT
was used as standard for comparative studies.
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Degradation rate of extracts was calculated according to the following equation:
Sample degradation rate = In (a/b) X 1/t

Where, In = natural log, a = initial absorbance at time 0, b = absorbance at 60 min, t = incubation
time (min).

Antioxidant activity (AOA) was expressed as percentage inhibition relative to the control using
the following equation:

AOA = Degradation rate of control - Degradation rate of sample X 100

Degradation rate of control.

RESULTS

The chemical compositions of the essential oils from C. medica var acidica have been shown in
Table-1. It was observed that the fruit peel of C. medica var acidica is a very rich in geraniol
(24.56%), geranial (31.54%),neral acetate ( 9.33%), geranyl acetate (6.23%) with a lesser amount
of d-limonene (9.66%). Figure-1 shows the antioxidant activity of the Citrus medica essential
oils geranial and geraniol. This assay is based on the radical adducts of carotenoid with free
radicals from linoleic acid.

The linoleic acid free radical attacks the highly unsaturated p-carotene models. The presence of
different antioxidants can hinder the extent of B-carotene-bleaching by neutralizing the linoleate-
free radical and other free radicals formed in the system 1220, It has been observed that oil under
investigation has significant activity (59.6%)) while its pure constituents geraniol and geranial
showed a decreased activity (24.5% and 31.5%) respectively Figure-1.

Table-1: Chemical composition of essential oil of C. medica.

S. No. | Compound % RI

1. a-pinene 0.91 937
2. b- pinene 0.56 979
3. Myrcene 1.80 997
4, Sabinene 2.17 965
5. D-limonene 9.66 1028
6. a-phellendrene 0.05 999
7. Terpine-4-ol 1.16 1169
8. Citronellal 2.88 1154
9. Dodecanal 0.51 1388
10. Nerol 0.46 1225
11. Neral 0.27 1238
12. Geraniol 24.56 1274
13. Geranial 31.54 1267
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Figure 1: Antioxidant activity of C. medica essential oil (A) Geraniol (B) Geranial.

DISCUSSION

Monoterpenes and diterpenes which are the main components of essential oils. Their
antioxidative capacity is believed to be responsible for the health promoting properties of fruits
and vegetables. Several investigations have studied the antioxidant activity of monoterpenes and
diterpenes or essential oils in vitro 22, Previous studies have reported chemical composition and
antioxidant activity of essential oil of Citrus cultivars and limonene *2. The present investigations
also support the previous work 2 2® confirming that the monoterpene hydrocarbons show
antioxidant activity. The antioxidant activity of essential oil of C.medica var acidica and its
major constituents viz. geranial and geraniol have been carried out by B-carotene bleaching
method. This assay is based on the radical adducts of carotenoid with free radicals from linoleic
acid. The linoleic acid free radical attacks the highly unsaturated p-carotene models.

The presence of different antioxidants can hinder the extent of [-carotene-bleaching by
neutralizing the linoleate-free radical and other free radicals formed in the system 22 The
antioxidant activity of Citrus samples decreased in the order- BHT > C.medica var acidica >
geranial > geraniol. Inhibition of free radical-induced damage by supplementation of antioxidants
has become an attractive therapeutic strategy for reducing the risk of diseases . The synthetic
antioxidants like butylated hydroxyanisole and butylated hydroxytoluene, commonly used as
preservatives in pharmaceutical, cosmetic, and food products, allegedly cause liver damage and
carcinogenesis in laboratory animals 4. During last decades, there has been considerable interest
in the use of naturally occurring antioxidants for treatment or prophylaxis of various oxidative
stress-related diseases *°. Terpenoids/ isoprenoids like a, B, y carotenes, lycopene, astaxanthine,
lutein and zeaxanthene are well known antioxidants. Monoterpenes help stimulate the levels of
liver enzymes that aid in detoxifying carcinogens and trigger apoptosis. The peel of the Citrus
fruit contains the highest concentrations of flavonoids and essential oils ™° %25 have studied
antioxidant behaviour of essential oils in Citrus species .In the present studies the fruit peel of C.
medica var acidica , which is an agro waste , has been identified as a rich source of geraniol
(24.56%), geranial (31.54%),neral acetate ( 9.33%), geranyl acetate (6.23%) and contains lesser
amount of d-limonene ( 9.66%). It can be used in food , nutraceutical and cosemaceutical
industries , as oil under investigation has significant antioxidant activity (59.6%)) while its pure
constituents geraniol and geranial showed a decreased activity (24.5% and 31.5%) respectively.
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