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The present study was conducted to evaluate the antioxidant and antibacterial activities of methanol,
acetone, chloroform and petroleum ether extracts of leaf, bark, pulp and seed of Seabuckthorn
(Hippophae salicifolia D.Don) species found in Sikkim Himalayas. Antioxidant activity was measured
using total phenolic content, reducing power and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assays. The extraction yield and total phenolic contents were significantly higher in seed
extracts with methanol being the most efficient solvent. Methanolic extract of seeds showed the highest
reducing power and DPPH-radical scavenging activity among all the extracts. Antibacterial activity was
tested against six pathogenic strains viz. Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
Klebsiella pneumonia, Enterobacter aerogenes and Pseudomonas aeruginosa by agar diffusion and
broth macrodilution methods. The extracts were found to exert low to strong antibacterial activity
compared to a standard antibacterial agent. The results showed that seed and pulp extracts were better
radical scavengers than leaf and bark extracts. Both antioxidant and antibacterial activities were found
to be higher in methanolic extract. Strong correlation (P< 0.05) was observed between total phenolic
content versus antioxidant and antibacterial activity from the extracts under study.
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INTRODUCTION

Oxidation is a natural process in organisms, for the
production of energy to fuel biological cycles. Conversely,
the uninhibited production of oxygen-derived free radicals
is involved in the onset of many diseases such as
arthritis, atherosclerosis, rheumatoid and cancer, as well
as in many degenerative diseases related with ageing
(Halliwell and Gutteridge, 1984). Plants contain a large
variety of compounds that provide unlimited opportunities
for new drug discoveries because of the unmatched che-
mical diversity they can provide (Cos et al., 2006). These
compounds exhibit a wide range of biological activity,
antimicrobial activity and antioxidant properties (Ren et

al., 2003; Tapiero et al., 2002). Therefore in recent years,
considerable attention has been directed towards
identification of new bioactive compounds from natural
sources that may be used for human consumption.
Hippophae salicifolia D. Don. (Vernacular - Tarubo), a
deciduous tree, which belongs to the family
Elaeagnaceae, is restricted to the Himalayan region be-
tween 1,500 to 3,500 m amsl| (Hooker, 1894; Gaur 1999).
It has been reported as one of the best species of genus
Hippophae in terms of high quality fruit, high yield and
less thorns (Lu et al., 2001). There are a total of five spe-
cies based on morphological variations: H. rhamnoides L.,
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H. salicifolia D. Don, H. neurocarpa Liu and He, H.
tibetana Schlecht and H. goniocarpa Y. S. Lian et al.
Three species of Hippophae namely H. rhamnoides, H.
salicifolia and H. tibetana are found in India. Out of these,
only H. salicifolia D. Don has been reported in Lachen
and Lachung Valley of Sikkim (Baisistha et al., 2010).

Various parts of Seabuckthorn (SBT) plant, especially
the berries, were used in traditional medicine, mainly in
the Tibetan, Mongolian, Chinese and Central Asian
systems (Cheng et al., 2003). Seabuckthorn oils, juice,
leaves and bark are well known for their medicinal
properties, and they have been used to treat high blood
lipid symptoms, gingivitis, eye and skin ailments, and
cardiovascular diseases (Liu et al., 1980; Yang et al.,
2000). The berries have been used as a raw material for
foods and medicines for decades in China and Russia
(Yang et al., 2000; Cheng et al., 2003). High amounts of
vitamin C, flavonoids, oils and oil-soluble compounds, as
well as minerals, are present in the berry (Kallio et al.,
2000). In addition to medicinal use, the berries are
processed into various products such as juice and
marmalade, and used for flavouring of dairy products
because of their unique taste (Gao et al., 2000).

Berry products of SBT are among popular foods in the
United States, Canada, Finland, Germany, and some
other European countries (Li and Schroeder, 1996).
Leaves are also reported to possess anti-inflammatory
properties (Padwad et al., 2006). In recent years, extracts
from this plant have been used increasingly in the U.S. as
a dietary supplement. Seabuckthorn contains a series of
compounds including carotenoids, tocopherols, sterols,
flavonoids, lipids, ascorbic acid, and tannins. These
compounds are of interest not only from the chemical
point of view, but also because many of them possess
biological and therapeutic activity including, antioxidant,
antitumor, hepato-protective, and immunomodulatory
properties (Cheng et al., 2003). The leaves of H.
rhamnoides were considered for their antioxidant
potential correlated to flavonoides and phenolic acids
derivatives (Kim et al., 2011; Sharma et al., 2008;
Upadhyay et al., 2011). Antimicrobial activities have also
been reported for Seabuckthorn leaves (Upadhyay et al.,
2011). The proximate composition of SBT has been well
documented (Gao et al., 2000). There are reports on
chemical composition, characterization and health
benefits of SBT fruit and its oil (Chen et al., 1990; Yang et
al., 2000). Also there have been reports on antioxidant
and antibacterial activities of various SBT (H. rhamnoides
L.) seed extract (Negi et al., 2005; Michel et al., 2012).
However, there is no information available on antioxidant
and antibacterial activity of H. salicifolia found in North
East India, except a preliminary report on antioxidant
activity of leaf and bark by Goyal et al. (2011). Therefore,
the objective of the present study was to evaluate the
comparative account of antioxidant properties of H.
salicifolia leaf, bark, pulp and seed, and determine their
antibacterial activity against different food-borne and
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clinical microorganisms for their therapeutic potential.

MATERIALS AND METHODS
Chemicals and reagents

DPPH  (2,2-diphenyl-1-picryl-hydrazyl) and catechin  were
purchased from Sigma—Aldrich (USA). Gallic acid was obtained
from HiMedia Laboratories (India). Sodium carbonate (NaCOs),
phosphate buffer, potassium ferricyanide, trichloroacetic acid, ferric
chloride, ascorbic acid, Mueller Hinton agar, dimethylsulfoxide
(DMSO) and methanol were purchased from Merck (India). Folin-
Ciocalteu reagent was from SRL (India). All chemicals and solvents
were of analytical grade.

Plant extracts

Leaf, bark, pulp and seed of H. salicifolia were collected from
Lachen valley of North Sikkim district lying between 27°46' 31" and
27° 42' 30" North latitude and 88° 30' 00" and 88° 35’ 00" East
longitude. Leaf and bark samples were collected during the month
of July, and ripe fruits were collected in November. The species
was authenticated with the voucher specimen at the Botanical
survey of India, Shillong. The plant extracts were prepared based
on the method described previously by Haq et al. (2011), with minor
modifications. The samples collected were washed using tap water
and dried in an incubator at 40°C. Dried samples were ground to
produce fine homogenous powder using an electric blender and the
powder (10 g) was soaked in 100 ml of selected solvents
(methanol, acetone, chloroform and petroleum ether) at room
temperature in the dark, for three days. Each sample was filtered
through Whatman no. 1 filter paper (Whatman International,
England) and the filtered solutions were then evaporated to dryness
using water bath at 40°C overnight. The plant extracts were then
stored at 4°C.

Determination of the total phenolic contents

The amounts of phenolic compounds in the extracts were
determined using Folin-Ciocalteu method, with certain modifications
(Waterman and Mole, 1994), and Gallic acid was used as the
standard phenolic compound. The extract solution in appropriate
solvent (0.1 ml) was transferred to a volumetric flask containing 3
ml of distilled water. After that, 0.5 ml of Folin-Ciocalteu reagent
was added. Three minutes later, 2 ml of 20% sodium carbonate
solution was added. Subsequently, the shaken mixture was placed
in boiling water for exactly one minute, cooled and then measured
at 650 nm. The experiment was carried out in triplicate and the
content of total phenolic compounds was calculated using a
standard curve prepared with gallic acid.

Determination of antioxidative activity
Reducing power

The reducing power was based on the method described previously
by Yildirim et al. (2001). Different concentrations of extracts and
ascorbic acid in 1 ml of methanol were mixed with 2.5 ml of
phosphate buffer (0.2 mol/L, pH 6.6) and 2.5 ml of 10 g/L potassium
ferricyanide. The mixture was incubated at 50°C for 30 min. An
aliquot (2.5 ml) of 100 g/L trichloroacetic acid was added to the
mixture, which was then centrifuged at 3,000 rpm for 10 min.
Finally, 2.5 ml of the upper layer solution was mixed with 2.5 ml of
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distilled water and 0.5 ml of 1 g/L FeCls, and the absorbance of the
resulting solution was measured at 700 nm.

DPPH- radical scavenging activity

The stable free radical scavenging activity was determined by the
1,1-diphenyl-2-picryl-hydracyl (DPPH) method of Shyur et al.

(2005), with minor modifications. The assay was performed in 3 ml
reaction mixture containing 2 ml of 0.1 mM DPPH methanol
solution, 0.9 ml of 50 mM tris-HCI buffer (pH 7.4) and 0.1 ml of test
extract at different concentrations or catechin and ascorbic acid
(standard reference).

The mixture was incubated at room temperature for 30 min and
then the absorbance was measured at 517 nm. Radical scavenging
activity is represented as inhibition (%) of DPPH radical which is
calculated by the following formula:

Inhibition (%) = [(Absorbancecontrol - Absorbancesample) / Absorbancecontro] x 100

ICso is defined as the concentration of substrate that causes 50%
loss of the DPPH activity (color) (Molyneux, 2004). ICs, of reference
antioxidant compound, catechin, was used for comparison with ICso
of the extracts.

Determination of antibacterial activity
Test microorganisms

All the microbial cultures used for antimicrobial screening were
produced from the “Microbial Type Culture Collection and Gene
Bank” (MTCC), Chandigarh, India. A total of six bacterial species
were tested including, Staphylococcus aureus (MTCC 96), Bacillus
subtilis (MTCC 441), Escherichia coli (MTCC 739), Klebsiella
pneumonia (MTCC 432), Enterobacter aerogenes (MTCC Ill) and
Pseudomonas aeruginosa (MTCC 424). The bacterial culture was
maintained on nutrient agar slants which were stored at -4 °C.

Antibacterial assays

The antibacterial activity was based on agar well diffusion method
using bacterial cell suspension whose concentration was
equilibrated to a 0.5 McFarland standard. A 100 pl of each bacterial
suspension was spread on a Mueller Hinton agar plate. Wells (6
mm diameter) were impregnated with 10, 30 and 50 pl of each
extract dissolved in DMSO at a concentration of 100 mg/ml. The
wells were allowed to dry and then placed in the incubator at 37°C
for 24 h.

Wells with the solvent used for dissolution were used as negative
control and 1 mg/ml amoxicillin were used as positive controls. After
incubation time, zone of inhibition was measured. The experiment
was performed in triplicate.

Determination of minimum inhibitory concentration (MIC)

Minimum inhibition concentrations of the extracts were evaluated
for the bacterial strains which were determined as being sensitive to
the extracts in the well diffusion assay. A broth macrodilution
method was used, as previously described by Nakamura et al.
(1999), with a slight modification. Serial two-fold dilutions of each
extract were prepared in DMSO at a concentration of 2 mg/ml, and
2 ml of each dilution was added to 2 ml of nutrient broth. These
were inoculated with 50 pl of culture of the test bacterial strains.
After incubation of the cultures at 37°C, the MIC value was
determined as the lowest concentration of the extract that
demonstrated no visible growth.

Statistical analysis

All experimental results were expressed as means * standard

deviation (SD). Analysis of variance was performed by ANOVA
procedures. Correlation coefficient (R) was used to determine two
variables. The results with P < 0.05 were regarded to be statistically
significant.

RESULTS AND DISCUSSION
Extraction yield

The extraction yields (g/100 g) from various solvents, that
is methanol, acetone, chloroform and petroleum ether are
presented in Table 1. The extraction yield depends on
solvents, time and temperature of extraction, as well as
the chemical nature of the sample.

Under the same time and temperature conditions, the
solvent used and the chemical property of the sample are
the two most important factors (Shimada et al., 1992). In
the present study, the obtained extraction yields of H.
salicifolia for the different tested solvents were ranked in
the following order: Methanol > Acetone > Chloroform >
Petroleum ether.

Methanol is a polar solvent and is known to extract a
wide range of molecules including sugar, glycoside and
weakly polar compounds. Negi et al. (2005) already
reported for better extraction of SBT seeds using me-
thanol. The extraction yield was found maximum for pulp,
however significant extraction was found for leaf and
seed compared to bark (Table 1). This result was similar
to the result reported by Michel et al. (2012) where
extraction was more efficient for leaves and seeds.

Total phenolics content

The total phenolic contents of the extracts were
determined by Folin-Ciocalteu method. It is well known
that plants contain many phenolic compounds which
contain a hydroxyl group on an aromatic ring. These
phenolic compounds interrupt chain oxidation reactions
by donation of a hydrogen atom or chelating metals. So
they act as reducing agents and antioxidants (Bursal and
Koksal, 2011).

The high amounts of phenolic compounds of the leaf,
bark, pulp and seed extracts were found to be in the
following order: methanol extract> acetone extract >



chloroform extract > petroleum ether extract (Table 1).
The assays were performed in the whole extracts, as that
could be more beneficial than isolated constituents
because of the additive and synergistic effects, and
considering that a bioactive individual component can
change its properties in the presence of other compounds
present in the extracts (Liu, 2003). A significant variation
of phenolic content was observed in different extracts.
The phenolic content of SBT extracts ranged from 11.2 to
156.7 mg/g.

The total phenolic content of seed and pulp extracts
were significantly higher than leaf and bark extracts.
Variations in the yields and phenolic contents of various
extracts are attributed to polarities of different compounds
present in the leaf, bark, pulp and seed, and such
differences have been reported in the literature for other
fruit seeds (Jayaprakasha et al., 2001).

Reducing power

The extracts obtained by various solvent extractions were
determined for their antioxidant activities. The extracts
were investigated for the reductive capabilities by using
the potassium ferricyanide reduction method. The
reducing ability may serve as a significant indicator of
potential antioxidant activity (Meir et al., 1995). It appears
that antioxidative activity may have a mutual correlation
with the reducing effect. The leaf, bark, pulp and seed
extracts increased in reducing powers with increasing
concentration (Figure 1), and the seed and pulp extracts
exhibited higher reducing ability than the leaf and bark
extracts. The methanolic extract showed the highest
activity, followed by the acetone, chloroform and
petroleum ether extracts. When compared to the ascorbic
acid, the methanolic fraction showed higher activity (P <
0.05) at all concentrations.

In the present study, the correlation coefficient (R?
between the total phenolic content versus reducing power
of H. salicifolia leaf, bark, pulp and seed extracts was
found to be 0.93, 0.95, 0.96 and 0.98, respectively. This
correlation coefficient suggests that the reducing power
of different H. salicifolia extracts were positively corre-
lated with their corresponding antioxidant activities. Yen
and Chen (1995) reported that the extract which showed
a reducing power could function as an donor and also
could reduce the oxidized intermediates generated from
the lipid peroxidation reaction.

DPPH radical scavenging activity

The free radical scavenging capacity of the extracts
against common free radicals (DPPH) in vitro were
further determined. The results indicated that the extracts
exhibited a potential free radical scavenging activity. The
inhibition percentage of the radical scavenging activity of
the leaf, bark, pulp and seed extracts were calculated
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and are illustrated in Figure 2. The results revealed that
the extract with the highest effective radical scavenging
activity was the methanol extract, followed by the acetone
and chloroform extract, while lower activities were found
in the petroleum ether extracts. The seed and pulp
extracts had significantly higher antioxidant properties
han leaf and bark extracts. This result was correlated with
reducing power assay where seed and pulp extracts were
also found more significant than leaf and bark extracts.
The antioxidant potential was determined to be in the
following order: seed > pulp > leaf > bark extracts. This
result is in correlation with data found in Sharma et al.
(2008) and Michel et al. (2012), where seeds have more
antioxidant capacity than leaves.

The total phenolic contents could be regarded as an
important indication of antioxidant properties of plant
extracts (Wang et al., 2010). In the present study, R®
between the total phenolic content versus free radical
scavenging activity of H. salicifolia leaf, bark, pulp and
seed extracts was found to be 0.90, 0.92, 0.94 and 0.90,
respectively. This correlation coefficient suggests that the
phenolic compounds of H. salicifolia extracts contributed
90 to 98% to their antioxidant activities. The significant
correlation between the phenolic content and the
antioxidant activity of various vegetable extracts has
been previously observed (Velioglu et al., 1998). There
are many types of compounds possessing antioxidant
activity in higher plants (Larson, 1988) and the phenolic
compounds were highlighted to be the potential
antioxidants (Yu et al., 2005). The fact that phenolic com-
pounds possess a high potential to scavenge radicals
can be explained by their ability to donate a hydrogen
atom from their phenolic hydroxyl groups (Sawa et al.,
1999). The inhibitory effects on lipid peroxidation and
autoxidation of linoleic acid have been attributed to the
radical scavenging activity (Hatano et al., 2002). Thus, it
can be noted that the strong antioxidant properties may
be attributed to the phenolic components in the extracts.

Antibacterial activity

The results of the antibacterial activity of methanol,
acetone, chloroform and petroleum ether extracts of H.
salicifolia leaf, bark, pulp and seed are given in Table 2.
The obtained antibacterial activities were categorized as
follows: (a) strong: for inhibition above 70%; (b)
moderate: for inhibition within 50 to 70% or; (c) weak: for
inhibition below 50% (Chan et al., 2007). The anti-
microbial activity of the tested extracts showed different
selectivity for each microorganism. The results revealed
that S. aureus showed strong inhibition for seed (81%)
and leaf (75%) extracts, E. aerogenes showed moderate
inhibition for leaf (66%), pulp (53%) and seed (66%)
extracts and B. subtilis showed moderate inhibition for
leaf (52%) extracts, respectively whereas weak inhibition
was found for P. aeruginosa, K. pneumonia and E. coli
for all organs extracts. Antimicrobial activity of SBT extracts
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Figure 1. Total reducing power of leaf (A), bark (B),
pulp (C) and seed (D) extracts of Hippophae salicifolia
D. Don. Data are presented as mean = SD of triplicate
determinations.

was found against both Gram negative and Gram positive
strains which was already found by Negi et al. (2005)
when they worked on H. rhamnoides seed. The activity of
methanolic extract was the most efficient for S. aureus
and E. aerogenes. The petroleum ether extract of leaf
and bark showed no activity against all microorganisms
tested. However E. coli was not affected by all extracts
tested.

There were substantial differences between the MIC of
various extracts. The methanolic extracts had the most
effective antibacterial activity, followed by acetone,
chloroform and petroleum ether extracts (Table 3). These
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Figure 2. Percentage inhibition concentration for DPPH radical
scavenging activity of leaf (A), bark (B), pulp (C) and seed (D)
extracts of Hippophae salicifolia D. Don. Data are presented as
mean * SD of triplicate determinations.

results verify the earlier studies that methanol is the
better solvent for more consistent extraction of antimicro-
bial substances compared to the other solvents (Ahmad
et al., 1998; Natarajan et al., 2005). Gram negative
strains were most resistant to all the extracts, and higher
MIC values were obtained for it. It is worth noting that all
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Table 1. Extraction yield and total phenolics content of Hippophae salicifolia extracts of leaf,
bark, pulp and seed extracts.

Plant extract Extraction yield (g/100 g) Total phenolics (mg/g) GAE
Leaves

Methanol 20.1 98.7+1.5°
Acetone 15.2 64.6+1.2°
Chloroform 8.64 42.441.7°
Pet. Ether 1.02 25.9+0.2°
Bark

Methanol 18.7 85.3+1.8°
Acetone 12.5 45.8+0.2°
Chloroform 7.95 21.640.5"
Pet. Ether 0.84 11.2+0.5°
Pulp

Methanol 26.5 123.5+1.2°
Acetone 21.8 105.6+0.2%
Chloroform 11.4 76.3+0.2°
Pet. Ether 4.8 32.4+1.6°
Seed

Methanol 17.2 156.7+1.8°
Acetone 14.9 117.6+0.2%
Chloroform 7.7 53.9+0.4°
Pet. Ether 2.1 42.3+0.2°

Mean values * standard deviations (n = 3) with the same letter are not significantly different (P < 0.05).
GAE: garlic acid equivalent.

Table 2. Antimicrobial activity of the extracts of Hippophae salicifolia leaf, bark, pulp and seed (50uL/well) against the tested
microorganisms based on agar well diffusion method.

Zone of inhibition; mm (inhibition %)

Plant extract

S. aureus B. subtilis E. aerogenes P. aeruginosa K. pneumonia E. coli
Leaf
Methanol 24 (75)™ 15 (44)" 14 (46)" 14 (42)* 12 (37)" 10 (27)"
Acetone 22 (68)"™ 18 (52)™ 13 (43)" 13 (39)" 12 (37)" -
Chloroform 14 (43)" 10 (29)" 20 (66)" 14 (42)* 11 (34)" -
Pet. Ether - - - - - -
Bark
Methanol 21(65)"" 16 (47)" 14 (46)" 14 (42)* 11 (34)" 9 (24)*
Acetone 20 (62)" 15 (44)" 13 (43)" 11 (33)" 12 (37)" -
Chloroform 13 (40)" 11 (32)" 14 (46)" 12 (36)" 9 (28)* -
Petr. Ether - - - - - -
Pulp
Methanol 18 (56)™ 10 (29)" 16 (53)™ 12 (36)" 12 (37)" 10 (27)"
Acetone 16 (50)*" 15 (44)" 15 (50)™ 10 (30)" 12 (37)" 9 (24)*
Chloroform 12 (37)" 9 (26)* 12 (40)" 9 (27)* 11 (34)" -

31)

(37) ) (40) )
Pet. Ether 10 (31)° 9 (26)" 10 (33)" 9 (27)" 10 (31)° -
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Table 2. Contd.

Seed

Methanol 26 (81)*" 16 (47)" 20 (66)*" 12 (36)* 12 (37)* 12 (32)*
Acetone 19 (59)** 15 (44)* 17 (56)*" 10 (30)* 11 (34)° 9 (24)*
Chloroform 16 (50)** 9 (26)" 14 (46)* 10 (30)* 10 (31)* -
Petr. Ether 16 (50)** 10 (29)* 15 (50)** 9 (27)" 9 (28)" -
Standard

Amoxicillin 32 34 30 33 32 37

Values in parentheses are the inhibition percentages compared to standard antibacterial agent. +Weak inhibition; ++moderate inhibition; -

no inhibition zone.

Table 3. The minimum inhibition concentration (MIC) values of the extracts of Hippophae salicifolia leaf, bark, pulp and seed

extract.

Concentration of extract (ug/ml)

Plant extract

S. aureus B. subtilis E. aerogenes P. aeruginosa K. pneumonia E. coli

Leaf

Methanol 250 250 250 250 500 500
Acetone 250 250 250 500 500 ND
Chloroform 250 250 500 500 500 ND
Pet. Ether ND ND ND ND ND ND
Bark

Methanol 250 250 250 250 500 500
Acetone 250 250 250 500 500 ND
Chloroform 250 250 500 500 500 ND
Pet. Ether ND ND ND ND ND ND
Pulp

Methanol 250 250 250 250 250 500
Acetone 250 250 250 500 500 500
Chloroform 250 250 500 500 500 ND
Pet. Ether 500 500 ND ND ND ND
Seed

Methanol 250 250 250 250 250 250
Acetone 250 250 250 250 250 500
Chloroform 250 250 500 500 500 ND
Pet. Ether 500 500 ND ND ND ND

ND- Not determined.

the extracts showed greater potent antibacterial activity
against Gram-positive bacteria than Gram-negative. This
result is supported by the fact that Gram-negative bac-
teria have an outer membrane consisting of lipoprotein
and lipopolysaccharide, which is selectively permeable
and thus regulates access to the underlying structures
(Chopra and Greenwood, 2001). This renders the Gram-
negative bacteria generally less susceptible to plant ex-
tracts than the Gram-positive bacteria (Chan et al., 2007).

The antibacterial activity of the plant extracts might be
attributed to the presence of bioactive plant compounds
such as tannins, phenolic compounds, polyphenols and
flavonoids (Ouattara et al., 2011). Among these bioactive
compounds, Fernandez et al. (1996), Shoko et al. (1999),
Baydar et al. (2004) and EI-Chaghaby et al. (2011)
confirmed that phenolics were the most important active
compounds against bacteria. Thus the results of
antibacterial activities obtained in the present study of H.



salicifolia leaf, bark, pulp and seed extracts were
correlated to their total phenolic contents.

Positive correlations were obtained between the
concentrations of phenolic compounds in the different H.
salicifolia extracts and inhibition of all of the tested
bacteria. The R? values of leaf extracts were found to be:
0.88 and 0.90 for the Gram positive bacteria S. aureus
and B. subtilis, respectively whereas for the Gram
negative bacteria E. aerogenes, P. aeruginosa, K.
pneumonia and E. coli, the corresponding R® values were
0.88, 0.71, 0.71 and 0.86. The R” values of bark extracts
for S. aureus and B. subtilis were found to be 0.87 and
0.85, respectively, whereas for E. aerogenes, P.
aeruginosa, K. pneumonia and E. coli, the corresponding
R® values were 0.74, 0.83, 0.83 and 0.86, respectively.
The R? values of pulp extracts were found to be 0.96 and
0.74 for the Gram positive bacteria S. aureus and B.
subtilis, respectively and for the Gram negative bacteria
E. aerogenes, P. aeruginosa, K. pneumonia and E. coli,
the corresponding R? values were 0.98, 0.95, 0.98 and
0.88. The R? values of seed extracts for S. aureus and B.
subtilis were found to be 0.93 and 0.98, respectively,
whereas for E. aerogenes, P. aeruginosa, K. pneumonia
and E. coli, the corresponding R® values were 0.97, 0.92,
0.97 and 0.99, respectively. Strong antibacterial proper-
ties may be attributed to the phenolic components in the
extracts. Thus, it may be concluded that the phenolic
compounds in the H. salicifolia extracts could be the main
components which possess the antioxidant and
antibacterial properties.

Conclusion

This study has demonstrated the comparative account of
antioxidant and antibacterial activities of various solvent
extracts of leaf, bark, pulp and seed of H. salicifolia.
Methanol was found as a better solvent for extraction of
antioxidant and antibacterial substances that showed
high extraction yields as well as strong antioxidant and
antibacterial activities compared to the other solvents.
SBT leaf, bark, pulp and seed extracts were found to
possess good antioxidant and antibacterial activity. The
study revealed that the seed and pulp extracts contain a
considerable quantity of phenolic compounds than the
leaf and bark extracts that were found to be the major
contributor for their antioxidant and antibacterial activities.
Thus, the H. salicifolia leaf, bark, pulp and seed can be
considered as a potent source of natural antioxidants and
antibacterial agents and can be exploited for developing
nutraceutical and pharmaceutical products.

ACKNOWLEDGEMENTS

Department of Biotechnology (DBT), Ministry of Science
and Technology, Government of India is duly
acknowledged for financial assistance.

Saikia and Handique 1337

REFERENCES

Ahmad |, Mehmood Z, Mohammad E (1998). Screening of some Indian
medicinal plants for their antimicrobial properties. J. Ethnopharmacol.
62:183-193.

Basistha BC, Sharma NP, Lepcha L, Arrawatia A, Sen A (2010).
Ecology of Hippophae salicifolia D. Don of temperate and subalpine
forests of North Sikkim Himalayas — a case study. Symbiosis 50:87—
95.

Baydar H, Sagdic O, Ozkan G, Karadogan T (2004). Antibacterial
activity and composition of essential oils from Origanum, Thymbra
and Satureja species with commercial importance in Turkey. Food
Control 15:169-172.

Bursal E, Koksal E (2011). Evaluation of Reducing Power and Radical
Scavenging Activities of Water and Ethanol Extracts from Sumac
(Rhus coriaria L.). Food Res. Int. 44(7):2217-2221.

Chan EWC, Lim Y, Omar M (2007). Antioxidant and antibacterial activity
of leaves of Etlingera species (Zingiberaceae) in Peninsular
Malaysia. Food Chem. 104(4):1586—-1593.

Chen Y, Jiang Z, Qin W, Ni M, Li X, He Y (1990). Chemical composition
and characteristics of seabuckthorn fruit and its oil. Chem. Indus.
Forest Prod. Chin. 10(3):163-175.

Cheng J, Kondo K, Suzuki Y, Ikeda Y, Meng X, Umemura K (2003).
Inhibitory effects of total flavones of Hippophae Rhamnoides L on
thrombosis in mouse femoral artery and in vitro platelet aggregation.
Life Sci. 72:2263-2271

Chopra I, Greenwood D (2001). Antibacterial agents: basis of action. In:
Encyclopedia of Life Sciences. Nature Publishing Group, John Wiley
Sons, Limited.

Cos P, Vlietinck Ad, Berghe DV, Maes L (2006). Anti-infective potential
of natural products: How to develop a stronger in vitro ‘proof-of-
concept’. J. Ethnopharmcol. 106:290-302.

El-Chaghaby GA, Ahmad AF, Ramis ES (2011). Evaluation of the
antioxidant and antibacterial properties of various solvents extracts of
Annona squamosa L. leaves. Arab. J. Chem. press.

Fernandez MA, Garcia MD, Saenz MT (1996). Antibacterial activity of
the phenolic acids fraction of Scrophularia frutescens and
Scrophularia sambucifolia. J. Ethnopharmacol. 53:11-14.

Gao X, Ohlander M, Jeppsson N, Bjork L, Trajkovski V (2000). Changes
in antioxidant effects and their relationship to phytonutrients in fruits
of sea buckthorn (Hippophae rhamnoides. L) during maturation. J.
Agri. Food Chem. 48:1485-1490.

Gaur RD (1999). Flora of the district Garhwal Northwest Himalaya (with
ethno botanical notes). Transmedia, Srinagar Garhwal, India p. 811.
Goyal AK, Basistha BC, Sen A, Middha SK (2011). Antioxidant profiling
of Hippophae salicifolia growing in sacred forests of Sikkim, India.

Funct. Plant Biol. 38(9):697-701.

Halliwell B, Gutteridge JMC (1984). Lipid peroxidation, oxygen radicals,
cell damage and antioxidant therapy. Lancet 1:1396-1397.

Haqg M, Sani W, Hossain ABMS, Taha RM, Monneruzzaman KM (2011).
Total phenolic contents, antioxidant and antimicrobial activities of
Bruguiera gymnorrhiza. J. Med. Plants Res. 5(17):4112-4118.

Hatano T, Miyatake H, Natsume M, Osakabe N, Takizawa T, Ito H
(2002). Proanthocyanidin glycosides and related polyphenols from
cacao liquor and their antioxidant effects. Phytochemistry 59:749-
758.

Hooker JD (1894). The flora of British India. Dehradun: Bishen. Singh
Mahendra pal Singh 5:791.

Jayaprakasha GK, Singh RP, Sakariah KK (2001). Antioxidant activity
of grape seed (Vitis vinifera) extracts on peroxidation models in vitro.
Food Chem. 73:285-290.

Kallio H, Yang B, Tahvonen R, Hakala M (2000). Composition of sea
buckthorn berries of various origins. In: Proceedings of international
workshop on sea buckthorn. China, Beijing. pp. 13—19.

Kim JS, Kwon YS, Sa YJ, Kim MJ (2011). Isolation and identification of
seabuckthorn (Hippophae rhamnoides) phenolics with antioxidant
activity and a- glucosidase inhibitory effect. J. Agric. Food Chem.
59(1):138-144.

Larson RA (1988). The antioxidant of higher plants. Phytochemistry
27:969-978.

Li TSC, Schroeder WR (1996). Sea buckthorn (Hippophae rhamnoides
L.): multipurpose plant. Hort. Technol. 6:370-380.



1338 J. Med. Plants Res.

Liu B, Wu Z, Liu W (1980). Preliminary observation on curing effects of
Sea-buckthorn fruit juice for high blood cholesterol and coronary
heart disease. Acta. Acad. Med. Sichuan 11:178-182.

Liu RH (2003). Health benefits of fruits and vegetables are from additive
and synergistic combination of phytochemicals. Am. J. Clin. Nutr.
78:517S-5208S.

Lu R, Cao Y, Lu S (2001). Introduction of Seabuckthorn (Hippophae
salicifolia) from high altitude to low altitude area. In: Proceedings of
International Workshop on Seabuckthorn. pp. 89-90.

Meir S, Kanner J, Akiri B, Hadas SP (1995). Determination and
involvement of aqueous reducing compounds in oxidative defense
systems of various senescing leaves. J. Agric. Food Chem. 43:1813-
1819.

Michel T, Destandau E, Floch GL, Lucchesi ME, Elfakir C (2012).
Antimicrobial, antioxidant and phytochemical investigations of
seabuckthorn (Hippophae rhamnoides L.) leaf, stem, root and seed.
Food Chem. 131:754-760.

Molyneux P (2004). The use of stable free radical diphenylpicrylhydrazyl
(DPPH) for estimating antioxidant activity. Songklanakarin J. Sci.
Technol. 26(2):211-219.

Nakamura CV, Ueda-Nakamura T, Bando E, Melo AFN, Cortez DAG,
Filho BPD (1999). Antibacterial activity of Ocimum gratissimun L.
essential oil. Mem. Instit. Oswaldo Cruz. 94(5):675-678.

Natarajan D, Britto SJ, Srinivasan K, Nagamurugan N, Mohanasundari
C, Perumal G (2005). Anti-bacterial activity of Euphorbia fusiformise
a rare medicinal herb. J. Ethnopharmacol. 102:123-126.

Negi PS, Chauhan AS, Sadia GA, Rohinishree YS, Ramteke RS (2005).
Antioxidant and antibacterial activities of various seabuckthorn
(Hippophae rhamnoides L.) seed extracts. Food Chem. 92:119-124.

QOuattara L, Koudou J, Karou DS, Giaco L, Capelli G (2011). In vitro anti
Mycobacterium tubersculosis H37Rv activity of Lannea acida A. Rich.
from Burkina Faso. Pak. J. Biol. Sci. 14:47-52.

Padwad Y, Ganju L, Jain M, Chanda S, Karan D, Banerjee PK,
Sawhney RC (2006). Effect of leaf extract of sea-buckthorn on
lipopolysaccharide induced inflammatory response in murine
macrophages. Int. Immunopharmacol. 6:46-52.

Ren W, Qiao Z, Wang H, Zhu L, Zhang L (2003). Flavonoids: promising
anticancer agents. Med. Res. Rev. 23:519-534.

Sawa T, Nakao M, Akaike T, Ono K, Maeda H (1999). Alkylperoxyl
radical-scavenging activity of various flavonoids and other phenolic
compounds: implications for the anti-tumor-promotor effect of
vegetables. J. Agric. Food Chem. 47:397-402.

Sharma UK, Sharma K, Sharma N, Sharma A, Singh HP, Sinha AK
(2008). Microwave-assisted efficient extraction of different parts of
Hippophae rhamnoides for the comparative evaluation of antioxidant
activity and quantification of its phenolic constituents by reverse-
phase high —performance liquid chromatography (RP-HPLC). J.
Agric. Food Chem. 56(2):374-379.

Shimada K, Fujikawa K, Yahara K, Nakamura T (1992). Antioxidative
properties of xanthan on the autoxidation of soybean oil in
cyclodextrin emulsion. J. Agric. Food Chem. 40:945-948.

Shoko T, Soichi T, Megumi MM, Eri F, Jun K, Michiko W (1999).
Isolation and identification of an antibacterial compound from grape
and its application to foods. Nippon Nogeikagaku Kaishi 73:125-128.

Shyur LF, Tsung JH, Chen JH, Chiu CY, Lo CP (2005). Antioxidant
properties of extracts from medicinal plants popularly used in Taiwan.
Int. J. App. Sci. Eng. 3(3):195-202.

Tapiero H, Tew K D, Ba G N, Mathe G (2002). Polyphenol: do they play
a role in the prevention of human pathologies? Biomed.
Pharmacother. 56:200-207.

Upadhyay NK, Yogendra Kumar MS, Gupta A (2011). Antioxidant,
cytoprotective and antibacterial effects of seabuckthorn (Hippophae
rhamnoides L.) leaves. Food Chem. Toxicol. 48(12):3443-3448.

Velioglu YS, Mazza G, Gao L, Oomah BD (1998). Antioxidant activity
and total phenolics in selected fruits, vegetables, and grain products.
J. Agric. Food Chem. 46:4113-4117.

Wang H, Gan D, Zhang X, Pan Y (2010). Antioxidant capacity of the
extracts from pulp of Osmanthus fragrans and its components. LWT
Food Sci. Technol. 43:319-325.

Waterman PG, Mole S (1994). Analysis of phenolic plant metabolites.
Blackwell Scientific Publications, Oxford, UK. P 84.

Yang B, Kallio H, Tahvonen R, Kalimo K, Mattila L, Kallio S (2000).
Effects of dietary supplementation of Seabuckthorn (Hippophae
rhamnoides) oils on fatty acids in patients with atopic dermatitis. J.
Nutr. Biochem. 11(6):338-340.

Yen GC, Chen HY (1995). Antioxidant activity of various tea extracts in
relation to their antimutagenicity. J. Agric. Food Chem. 43:27-32.

Yildirim A, Mavi A, Kara AA (2001). Determination of antioxidant and
antimicrobial activities of Rumex crispus L. extracts. J. Agric. Food
Chem. 49:4083-4089.

Yu J, Wang L, Walzem RL, Miller EG, Pike LM, Patil BS (2005).
Antioxidant activity of citrus limonoids, flavonoids, and coumarins. J.
Agric. Food Chem. 53:2009-2014.



