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Abstract

Skimmia laureola is an important medicinal plant that is mostly used for the treatment of many diseases. In the present research
work, the plant samples were collected from the mountainous areas of the district Bagh of Azad Jammu and Kashmir State for
physiochemical and biochemical analysis. The observed physicochemical parameters of essential oil from S. laureola like color,
odor, percentage oil yield, refractive index, specific gravity, carbon residues, absolute viscosity, kinematic viscosity and total acid
number were light to apple white, pleasant, 0.437±0.021, 1.470±0.0001, 0.637±0.001, 2.821±0.004, 107.92±0.02, 93.03±0.06 and
1.83±0.01 respectively. While among biochemical parameters, the percentage moisture, fat and protein in the leaves of S. laureola
were found 4.83, 3.50 and 10.71 respectively. The total phenolic contents (13.69 ±0.26 mg/g) were measured through
spectrophotometer. The HPLC analysis of the organic extract was also performed which showed the presence of eight antioxidant
compounds (chromatotropic acid, gallic acid, caffeic acid, 4-hydroxy-3-methoxybenzoic acid, ferrulic acid, cinamic acid, m-
coumeric acid and sinapic acid). Among these compounds, sinapic acid was found with the maximum amount (285.36 µg/ml)
followed by chromatotropic acid (115. 64 µg/ml). The observed enzyme activities of antioxidant enzymes, ascorbate peroxidase,
peroxidase, catalase, superoxide dismutase and glutathione transferase were 15.94±0.43 U/mg, 56.34±0.21 U/mg, 55.37±0.62
U/mg, 61.09±0.24 and 42.01±0.62 U/mg respectively. The enzyme activity of glutatione transferase was found maximum among
activities of other assayed enzymes. On the basis of observed potential biochemical characteristics of S. laureola, this medicinal
plant could be a promising source of future research for the natural antioxidants and other bioactive compounds which might be
used in pharamaceutical and food industries.
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1.Introduction

The medicinal herbs are the plants whose parts (leaves,
seeds, stem roots etc.) extracts have been employed
for the treatment of different infections. However, the
contribution of plants in our life is more than the animals
and the main reason is their (existence ordinary array of
diverse classes of biochemical with a variety of
biological activities). Plant diversity in reality is an
outward manifestation of chemical diversity. Even plants
have many chemicals and every one of these is able to
decrease the effects of specific disease
mechanism. The immense economic potential and the
widespread cultural acceptability of plant based products
are also the key factors renaissance in plant based
medicine development (Iqbal and Rehman. 2004).

Medicinal plants are best source to obtain different
drugs. About 80% of people in industrialized countries
use traditional medicines, which are derived from
medicinal plants (Ahmad et al., 2011). In the modern
antibiotic formation the plant is used as raw material and
the antibiotic also depends upon the medicinal plants
and from many years the antibiotic depends exclusively
on leaves, flowers and bark of the plants, but in some
cases the roots are also used. In some plants the carbon
copies of chemicals is also identified. The world health
organization also accepted the importance of the plants
in medicines. According to WHO the medicinal plant is
that plant in which one or more organs contain any
substance which can be used for therapeutic purposes
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or which is useful for the synthesis of drugs (Junaid et
al., 2006). The application of various components
of several medicinal plants against many diseases has
been a trend since past. There is elevating demand to
find out the bioactive compounds with antioxidant
and antimicrobial activities for treating the infections
caused by microbes (Huynh et al., 2001).
Biologically active components isolated from natural
sources are always considered as great scientific
interest regarding research against infections (Perumal
and Ignacimuthu, 2000). Medicinal plants and fruits
contain significant amount of phenols that may have
carcinogenic and antimutagenic activities. Phenols are
found in leaves, fruits and as well as in bark of trees.
Studies revealed that plants have phenols and may
have antioxidant activities (Zhu et al., 1997). Current
progress in discovery of the drugs as well as novel
chemical diversity have lead the scientists to initiate the
efforts for exploring the peptides and protein which is
traditional way of medicine in the subcontinent. Various
extracts of the medicinal plants are being employed as a
source of medicinal agents for treatment of human
diseases (Yogesh et al., 2007).

Skimmia laureola (Rutaceae) is an aromatic gregarious
evergreen shrub distributed throughout the temperate
Himalayas from Kashmir eastwards at an altitudes of
1800 to 3000 m. The leaves of Skimmia laureola are
useful against smallpox. The species of Skimmia include
triterpenoids which are usually lupane type (Barkatullah
et al., 2012). Leaves are used as coughs remedy and
commercially harvested as flavoring agent in food, and
in traditional healing. These are made into garlands and
considered sacred culture practices. Smoke from the
leaves and twig is considered demon repellent. The
smoke of the dry leaves is used for nasal tract
clearness. It is also used for cold, fever and headache
treatment. A total of 44 species are found in association
with Skimmia laureola in different localities. Seven
species including Adiantum venustum, Fragaria vesica,
Indigofera heterantha, Isodon rugosus, Podophyllum
hexandrum, Pteridium aquilinum and Taxus baccata are
found to be the constant species (Barkat et
al., 2012). Presently, we are reporting the
physiochemical and biochemical characterization of the
essential oil and organic extracts of Skimmia laureola
collected from district Bagh of Azad Jammu and
Kashmir state.

2.Materials and Methods

2.1 Extraction of essential oil and its
Physiochemical characterization

A modified Clevenger type apparatus was used for the
extraction of essential oil from the leaves of Skimmia
laureola through hydro-steam distillation. The leaves

were thoroughly washed, cut into small pieces, placed in
distillation flask and subjected to hydro-steam distillation.
The steam and vaporized oil were condensed into liquid
by a vertical condenser and were collected in measuring
tube. The essential oil was separated from water and
collected in small bottles, dried with anhydrous sodium
sulphate and was stored in light resistant vials at 4-6 °C.

The physiochemical characteristics (colour, odour, %
yield, refractive index, specific gravity, carbon residue,
absolute viscosity, kinematic viscosity and total acid
number) of the essential oil extracted from leaves of
Skimmia laureola was determined (Evans et al. 1997;
AOAC 2000; Evans, 2002; Juliani et al., 2004; Yadav et
al. 2005; Essien et al., 2008 and
Bamgboye and Adejumo, 2010).

2.2 Biochemical Characterization

2.2.1 Preparation of plant extract

The pretreated and stored sample of S. laureola was
soaked in one liter of n-hexane and methanol separately
with occasional shaking for one week at room
temperature (25C°±2C°) in extraction bottle. After 1
week, maximum amount of the solvent was separated
from the mixture. Filtrate was filtered twice, first using
the ordinary filter paper and then Watt’s man No. 4 filter
paper. The remaining amount of solvents was then
completely evaporated by rotary evaporator at a
temperature of 60 °C and a rotation of 80 rpm to obtain
the essential extract S. laureola.

2.2.2 Determination of moisture, fat and protein

The protein content (mg/mL) was determined through
Bradford method, 1976. The percentage of protein of the
plant extract was determined through Kjeldahl’s method
(AOAC, 1990). Percentage of fat and moisture contents
of ether extract was calculated as under (AOAC, 1990).

2.2.3 Determination of phenolic compounds by
HPLC analysis

The phenolic compounds and antioxidants (Ascorbic
acid, coumeric acid, gallic acid, tocopherol) were
analyzed through High Pressure Liquid Chromatography
(HPLC) technique. The mobile phase comprised of
aqueous 0.05% trifluoroacetic acid (TFA) and
acetonitrile, reversed phase (C-18) column and Spectral
(UV/Visible) detector was used in this method with a
gradient programming (Alet et al., 2013).

A mixture of solvent A (H2O: (0.1%) Triflouroacetic acid-
94:6, pH 2.27) and solvent B (Acetonitrile,100 %) was
used as mobile phase with different mixing ratio using
gradient mode of HPLC. The composition of mobile
phase was changed with respect to time during the
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analysis and programming of gradient mode is given in
the Table 2. The flow rate was set to 1 mL/min and
absorbance was noted at 280nm using UV/Visible
detector. The analysis of antioxidants from organic
extract of S. laureola was performed at room
temperature (25 °C) using reversed phase C-18
Octadecyl Silicate (ODS) column having 15cm length,
4.6mm diameter and  particle size of 5 micrometer.
The chromatograms of sample analysis were
compared with available standards of antioxidants for
both quantitative and qualitative analysis. Retention
time and peak areas of standards were noted and
calculated respectively. These calculations were
employed for estimation of amounts of different
antioxidants present in the organic extract of the S.
laureola.

2.2.4 Determination of antioxidant activities

For determination of antioxidant enzymes activities,
enzyme extraction was performed according to
method of Hakiman and Maziah (2009).

2.2.5 Determination of Total Phenolic Contents
(TPC)

The amount of total phenolic contents was determined
by Folin-Ciocalteau reagent method (Wicks et al.,
2006).

3.Results and Discussion

3.1 Physiochemical analysis

Different physiochemical parameters of S. laureola
were profiled during this research work. These
included determination of colour, odour, % yield,
refractive index, specific gravity, carbon residue,
absolute viscosity, kinematic viscosity and total acid
number of the oil extracted from leaves of S. laureola.
The results of measurement of each physiochemical
parameter of the essential oil of S. laureola are
mentioned in the Table 1.

Table 1: Physiochemical parameters of essential oil from S. laureola

S. No. Physiochemical Parameter Observation/result
1 Colour colorless to light apple white
2 Odour Pleasant
3 Oil yield (%) 0.437±0.021
4 Rrefractive index 1.470±0.0001
5 Specific gravity 0.637±0.001
6 Carbon residue 2.821±0.004
7 Absolute viscosity 107.92±0.02
8 Kinematic viscosity 93.03±0.06
9 Total acid number (TAN) 1.83±0.01.

The color and odor of essential oil of our plant was
similar to essential oils extracted from various species
of Skimmia which have been reported by other
researchers (Evans, 1997; Bamgboye and Adejumo,
2010). The essential oil yield of S. laureola in the
present study was less than the reported yield in
Nepal which ranged from 0.93 to 1.12 % (Bhattarai
and Karki, 2006).  The difference appeared, might be
due to various ecological factors.  The enhanced value
of refractive index of the oil sample showed the
richness of long chain fatty acids (Juliani et al., 2004).
The value of specific gravity of the extracted oil of S.
laureola is in accordance with the other reported
values of specific gravities of oils extracted from
Skimmia species (Evans, 2002; Akbar et al., 2009;
Minzangi et al., 2011). Similalry, the values of other
parameters like carbon residue, absolute viscosity,
kinematic viscosity  and total acid number of our plant

were in correlation with the values found by various
researchers working on different species of medicinal
plants (Bhattarai and Karki, 2006; Izabela et al., 2010;
Osman et al., 2011; Sonata et al., 2011; Mario et al.,
2012; Hui et al., 2013; Nuno et al., 2013; Dejan et al.,
2014).

3.2 Biochemical analysis

3.2.1 Determination of moisture, fat, protein and
TPC

The parameters like moisture, fat, protein and total
phenolic contents (TPC) from the leaves and organic
extract, respectively of S. laureola were measured
according to the methods described in the section of
materials and methods. The result of these
measurements is shown in the Fig 1 and Table 2.
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Figure 1: Biochemical parameters leave of S. laureola

Table 2: Biochemical parameters leave of S. laureola

S. No. Parameter Result
1 Moisture 4.83 (%)
2 Fat 3.50 (%)
3 Protein 10.71(%)
4 Total phenolic contents 13.69 ±0.26 mg/g

Our results of the above mentioned biochemical
parameters are in accordance with other researchers
(Cai et al., 2004; Wong et al., 2006; Feng et al., 2010).
The amount of total phenolic contents had been
determined through the method of Folin Ciocalteau
reagent (Wicks et al., 2006). We expressed the total
phenolic contents (TPC) in terms of standard
equivalent (mg/g of total extracted compound). We
employed Gallic acid being a reference standard, and
TPC in the extract of S. laureola were found 13.69
±0.26 mg/g. Phenolic compounds are actually the
metabolites of the plants whose characteristics are
famous due to the presence of many potential groups
of phenols. Few among them are very reactive
regarding neutralization of free radicals via chelating
metal ions in aqueous solutions or via donation of an
electron or hydrogen atom, (Petty and Scully, 2009). In
addition to the fact that phenolic compounds have
multiple biological characteristics like antimutagenic,
antitumor and antibacterial characteristics, and those
properties might have a correlation with their
antioxidant activities (Shui and Leong, 2002). During
our experiments, the observed strong correlations
between the results of measuring antioxidant potential
and the total phenolic contents exhibited that these
phenolic contents had been actually contributing to the
antioxidant activities of S. laureola and therefore could

play a vital role in the beneficial effects from these
plants.

3.2.2 HPLC analysis of Phenolic Compounds

Many disorders are raised due to production of free
radicals. Therefore, natural antioxidants having
pharmacological and food value can be discovered
through evaluation of antioxidant capacities of plants.
The significance of phenolic components in the
medicinal plants as natural antioxidants and their
employment as an alternative to the synthetic
antioxidants in food additives and flavors has been
well known (Branen, 1975; Paramapojn and
Gritsanapan, 2009). These observations would
facilitate the development of new medicines for the
therapeutic applications of human being. However,
only limited work has been reported against several
species of Skimmia.

The chromatograms of sample analysis were
compared with standards of antioxidants for both
quantitative and qualitative analysis. Retention time
and peak areas of standards were noted and
calculated respectively. These calculations were
employed for estimation of amounts of different
antioxidants present in the organic extract of the S.
laureola (Table 3).
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Table 3: HPLC result of phenolic compounds in organic extract of Skimmia laureola

S.# Name of phenolic compound Amount
(µg/ml)

1 Chlorogenic acid ND
2 Chromatotropic acid 115.64
3 Gallic acid 8.966
4 Caffeic acid 16.40
5 4-Hydroxy-3-methoxybenzoic acid 196.8
6 Ferrulic acid 149.55
7 Cinammic acid 6.190
8 p-Coumeric acid ND
9 m-Coumeric acid 16.21
10 Sinapic acid 285.36
11 Syringic acid ND
12 Vanillic acid ND

ND= Not detected
Our HPLC analysis showed the presence of eight
phenolic compounds (Chromatotropic acid, Gallic acid,
Caffeic acid, 4-Hydroxy-3-methoxybenzoic acid,
Ferrulic acid, Cinamic acid, m-Coumeric acid and
Sinapic acid). As mentioned in Table 5, Sinapic acid
was found with the maximum amount (285.36 µg/ml)
followed by Chromatotropic acid (115. 64 µg/ml)
among all of the phenolic compounds. Our results are
comparable with other researchers which have
determined the presence of phenolic compounds from
various medicinal herbs and plants through
chromatographic techniques (Huafa et al., 2004;
Maarit and Tuulia, 2007; Nada et al., 2010; Pan et al.,
2010; Izabela et al., 2010; Osman et al., 2011; Sonata
et al., 2011; Mario et al., 2012; Pasani et al., 2012; Hui
et al., 2013; Nuno et al., 2013; Sebastian et al., 2013;
Dejan et al., 2014). Huafu et al. (2004) observed the
content of caffeic acid (0.4 mg/g) in the aromatic herbs
which is more as compared to the amount of caffeic
aicd  in our plant (16.40 µg/ml). Similalry, Hui et al.
(2013) also detected comparable amounts of
chromatotropic acid, rosmarinic acid, chlorogenic acid,

caffeic acid and rosmarinic acid through HPLC
method. Like our method, Dejan et al. (2014) also
employed High Pressure Liquid Chromatography
(HPLC) technique using reversed phase mode and
developed a method for qualitative and quantitative
determination of phenolics of forty five plants
(including flavonoid aglycones, benzoic acids,
cinnamic acids, C- and O-glycosides, coumarins, and
lignans) in plant extracts, through detection of analytes
by tandem mass spectrometry. They profiled many
phenolic components from organic extracts (80 %
methanolic) root, leaf, stem of the Urtica dioica L.
herbal plant and they also obtained the inflorescence
data through HPLC technique.

3.2.3 Determination of Antioxidant enzymes

The results of activities of antioxidant enzymes
Superoxide dismutase, Peroxidase, Catalase,
Ascorbate peroxidase and Glutathione reducatse are
shown in Fig 2 and Table 6.

Figure 2: Activities of antioxidant enzymes from organic extract of S. laureola
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Table 4: Activities of antioxidant enzymes from organic extract of S. laureola

S. No. Name of antioxidant enzyme Activity (U/mg)
1 Superoxide dismutase 42.01±0.62
2 Peroxidase 15.94±0.43
3 Catalase 56.34±0.21
4 Ascorbate peroxidase 55.37±0.62
5 Glutathione transferase 61.09±0.24

Our values of antioxidant activities of enzymes are in
correlation to the various antioxidant enzymes
activities observed in the extracts of other medicinal
plants (Reddy et al., 1995; Yamazaki et al., 2003; Ali
et al., 2005). The reactive oxygen species (ROS) are
formed in the biological systems as a result of normal
metabolic activities. Adverse environmental factors
including stress and drought lead towards elevated
values of ROS that are detrimental to the plants. In
order to avoid damage due to production of these
excess ROS, plants have adopted many elaborated
mechanisms for managing them at sustainable levels.
Antioxidant enzymes play a significant role in lowering
the levels of ROS and helping avoid oxidative stress.
Catalase, superoxide dismutase, ascorbate
peroxidase and glutathione reductase also have a
significant role in fighting against oxidative stress. The
measurement of these enzyme activities through
spectrophotometric methods has been a precise way
to observe and understand the significant defensive
role against oxidative stress (Elavarthi and Martin,
2010). Therefore, in the present research work, we
also determined the level of activities of different
antioxidant enzymes in the organic extract of the S.
laureola. Catalase has been a significant antioxidant
enzyme that is capable to convert H2O2 to water in the
peroxysomes (Fridivich, 1989; McCord and Fridovich,
1969). In this organelle, H2O2 is produced from
photorespiration and beta oxidation of fatty acids
(Morita et al., 1994). Enhanced activities of catalase
and peroxidase lead to reduction of levels of H2O2 in
cell as well as these enhance the stability of
membranes in addition to CO2 fixation for the reason
that many enzymes of the Calvin cycle found within
chloroplasts are much sensitive to H2O2 and therefore,
an elevated level of H2O2 can directly inhibit CO2
fixation (Yamazaki et al., 2003).

The present results suggest that the antioxidant
activity of the organic extract of S. laureola correlates
well with its phenolic contents. In other words the
maximum contents of phenolic in the extract of S.
laureola posses most potent effect on antioxidant
activity. Hydroxyl radicals are the most predominant
and reactive radicals produced endogenously during
aerobic metabolism among the reactive oxygen

species (Waling, 1975) which could be produced
during hydrogen peroxide  and superoxide anion, in
metal ions, such as iron or copper and lead to the
ageing of human body in addition to various diseases
(Siddhuraja and Becker, 2007). Therefore, for
successful scavenging of such reactive oxygen
species, through the scavenging mechanism, few
antioxidant enzymes should cooperate with one
another (Ezatollah et al., 2007). Many researchers
have reported antioxidant compounds, free radical
scavenging properties, TPC and antioxidant properties
from organic extracts of different medicinal plants
(Ruckmani et al., 2000; Suarez et al., 2002; Ray et al.,
2004; Siddhuraju and Becker, 2003; Bajpai et al.,
2005; Yogesh et al., 2007). The variation in the profile
of phenolics in different medicinal plants may vary due
to cultivation conditions, stress or bred lines (Bharali et
al., 2003).

4.Conclusion

In the light of observed physical and biochemical
characteristics of S. laureola, this indigenous
medicinal plant might be recommended being a
promising source of future research work regarding
isolation of various bioactive compounds which are
growing and challenging need for food and
pharmaceutical industries.
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