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ABSTRACT

The different solvent extracts of the leaves of Plectranthus amboinicus were evaluated for their antioxidant and anti-
bacterial properties. The ethyl acetate extract of the leaves which had the highest polyphenolic content showed an ap-
preciable DPPH radical scavenging activity as well as total antioxidant capacity as compared with extracts obtained
using hexane, acetone, methanol, hydroalcohol and freeze dried form. The acetone extract of the leaves which had the
second highest polyphenolic content showed appreciable antibacterial activity with least MIC values against the tested
foodborne pathogens namely Staphylococcus aureus, Bacillus cereus, Escherichia coli and Yersinia enterocolitica. The
findings indicated the potentiality of ethyl acetate and acetone extract of the leaves of Indian borage for use as biopre-
servatives as they showed high antioxidant and antibacterial activities.
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1. Introduction

Biochemical reactions in the body generate reactive oxy-
gen species which can damage important bio-molecules,
leading to several disease conditions. The harmful action
of the free radicals can be blocked by antioxidants which
scavenge the free radicals and nullify their damaging
effect on cellular constituents. Natural antioxidants from
plants have been shown to increase the antioxidant ca-
pacity of the plasma and reduce the risk of certain dis-
eases such as cancer, heart diseases and stroke [1]. Die-
tary antioxidants can stimulate cellular defenses and help
to prevent cellular components against oxidative damage.
In addition they have been used in the food industry to
prolong shelf life as they inhibit lipid oxidation. Majority
of the antioxidants from plants are secondary metabolites
like phenolics and flavonoids that have been reported to
be potent free radical scavengers. They are found in dif-
ferent parts of the plants such as leaves, fruits, seeds,
roots and bark [2]. Many of these phenolic compounds
also possess other functional attributes like antimicrobial,
anti-inflammatory, antimutagenic, hypocholestemic and
antiplatelet aggregation properties.

Synthetic antioxidants and antimicrobials in use have
been shown to have harmful side effects [3-5]; therefore,
there is a need for more effective, less toxic and cost ef-
fective antioxidants and antimicrobials from natural sour-
ces. Several medicinal plants with ethno-botanical uses
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have been used traditionally in the treatment of diseases
and have been exploited for these desired traits [6-8]. Con-
sequently, there has been a growing interest to identify
natural antioxidants and antimicrobials from these plants
[9,10]. Plectranthus amboinicus [Lour.] Spreng, also
known as Indian borage, is a medicinal plant, widely
used in the Indian system of medicine. It belongs to the
family Lamiaceae and is also called as country borage in
English [11]. It is a large succulent aromatic perennial
herb found throughout India, Moluccas and Ceylon [12,
13]. Many pharmacological properties have been reported
in P. amboinicus including urolithiasis, antiepileptic, anti-
tumorogenic, antimutagenic, radioprotective effect, anti-
viral, antifungal and neuropharmocological properties
[14]. A decoction of its leaves is used in cases of chronic
cough and asthma, and also as an antispasmodic, stom-
achic, and for the treatment of headache, fever, epilepsy
and dyspepsia [15,16]. It is also used in the treatment of
skin ulcerations and urinary diseases, as well as to allevi-
ate inflammation, kidney troubles, nervous disorders and
in conditions of congestive heart failure [17,18]. Ethano-
botanical uses of P. amboinicus were recently reviewed
by Lukhoba et al. [19].

Kumaran and Karunakaran [20] first reported the an-
tioxidant and free radical scavenging activity of the
aqueous extract of leaves of Indian borage. The leaf ex-
tract exhibited good antioxidant potency and showed
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significant reducing power, superoxide scavenging abil-
ity, nitric oxide scavenging and also ferrous ion chelating
ability. However, Khanum et al. [21] observed less anti-
oxidant activity in aqueous ethanolic extracts (50%) of P.
amboinicus leaves owing to lower extraction of total
phenolics and total flavonoids in its ethanolic extract.
Chandrappa et al. [22] used the ethanolic and hot water
extract of the leaves of P. amboinicus and showed that it
had antibacterial property against both Gram positive and
Gram negative organisms. Also, the hydroalcoholic ex-
tract (HAE) of the leaves had antibacterial activity
against methicillin resistant Staphylococcus aureus [23].
The anti-mutagenic, antitumorogenic and antigenotoxic
effect of the leaves was demonstrated by Annapurani and
Priya [24] in their experiments using the HAE extract.

In the background of research studies undertaken with
P. amboinicus extracts till date, in the present study an
attempt was made to evaluate the antioxidant and anti-

bacterial potency of various solvent extracts of the leaves.

A comparison was also made with HAE of the leaves as
it is one of the most studied P. amboinicus extract avail-
able in the literature.

2. Materials and Methods
2.1. Plant Material and Chemicals

The leaves of P. amboinicus were collected from the
campus of Central Food Technological Research Institute
(CFTRI), Mysore, India. The plant material was identi-
fied by Mr. A. S. Chauhan, Scientist, Fruit and Vegetable
Technology Department, CFTRI, Mysore, and a speci-
men voucher was deposited in the Fruit and Vegetable
Technology Departmental Herbarium (FVT DH No.
LGMGHCC-PA-8/2011). All the solvents and chemicals
used were of AR grade (Qualigen, India).

2.2. Methods

2.2.1. Extraction

The leaves of P. amboinicus were washed in running tap
water and dried at low temperature (55°C) in hot air oven
(Industrial and Laboratory Instrument Corporation, Chen-
nai, India). The dried leaves were powdered using a mix-
er grinder (Johnson, Mumbai, India) and used for se-
quential extraction with hexane, ethyl acetate, acetone
and methanol based on their polarity in order to obtain
antioxidant and antibacterial rich fractions. The dried
leaves (50 g) were mixed with the first solvent in the
series (hexane, 500 ml) and placed on a magnetic stirrer
with stirring for 24 hr at 30°C. The extract was filtered
using Whatman filter No. 41 to obtain a particle free ex-
tract. The leaves were re-extracted with the solvent three
times, filtered and the extract was pooled. The next sol-
vent (ethyl acetate, 500 ml) was added to the residual
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leaves (free of the previous solvent) and the above pro-
cedure was followed to obtain other solvent extracts. The
same procedure was repeated with acetone and methanol.
All the solvent extracts were concentrated by evaporation
of solvent at ambient temperature in a fume hood and
extracts were made solvent free by final drying under
vaccum (25 mm Hg at 40°C).

For the purpose of comparison, hydroalcoholic (HAE)
and freeze dried (FD) extracts were also included. The
HAE extract was prepared by grinding fresh leaves in a
mixer with a mixture of alcohol and water (80:20). The
leaves were left overnight with shaking in a magnetic
stirrer unit for 24 hr. The extract was filtered using What-
man paper No. 41 to obtain a particle free filtrate. The
residual leaves were again extracted twice with the alco-
hol water mixture. The extract was pooled, concentrated
using a flash evaporator (Buchi Rotavapor-R, Switzer-
land) and made solvent free by final drying under vac-
cum (25 mm Hg at 40°C). The freeze dried extract of P.
amboinicus was prepared by the method given by Ku-
maran and Karunakaran [20]. Briefly, fresh leaves were
washed three times with tap water, ground in a mixer
grinder and the slurry was extracted with distilled water
(1:5) for 1 h at 90°C. The supernatant was filtered through
Whatman No. 1 filter, concentrated using a flash evapo-
rator and the resultant extract was lyophilized in a ly-
ophilizer (Heto, Model Ce/DW 60E, Denmark).

For use in antioxidant assays, the aliquots of the sol-
vent free extracts (1000 pg/ml) were prepared in acetone
for non-polar extracts (hexane, ethyl acetate) and metha-
nol for polar extracts (acetone, methanol), HAE and freeze
dried extract, whereas all the extracts were dissolved in
propylene glycol (PG) for use in the antibacterial ex-
periments.

2.2.2. Estimation of Total Phenolics

The concentration of phenolics in the extracts was de-
termined by a method given by Singleton & Rossi [25]
with modifications. Different concentrations of extracts
were mixed with 1.0 ml of 10 fold diluted Folin-ciocalteu
reagent and 1 ml of saturated sodium carbonate solution.
After allowing it to stand for 30 min at 30°C, the absor-
bance was measured at 765 nm using a UV-visible spec-
trophotometer (Shimadzu, Japan). Total phenolics were
calculated using a standard gallic acid curve and results
were expressed as mg gallic acid equivalent/g of extract.

2.2.3. Evaluation of Antioxidant Potential of Extracts

2.2.3.1. DPPH Radical Scavenging Assay

The free radical scavenging activity of the extract was

measured in vitro by 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay [26]. Various concentration of the extracts adjusted

in a final volume of 2.5 ml were mixed with 5 ml of 0.1

mM DPPH solution. The tubes were shaken properly and
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incubated for 20 min in the dark. The changes in the ab-
sorbance of the samples were measured at 517 nm using
a spectrophotometer. The radical scavenging activity of
the extracts at different concentrations was determined
and compared with that of butyl hydroxy anisole (BHA),
which was used as the standard. DPPH solution without
extract/standard formed the control. The DPPH radical
scavenging activity was given as

%DPPH radical scavenging =100x (A, — A )/A0

where A is absorbance of control and A, is absorbance of
sample. All samples were run in triplicate and radical
scavenging activity was reported as mean + SD.

2.2.3.2. Total Antioxidant Capacity

The total antioxidant capacity of various extracts was
evaluated using the phosphomolybdenum method of Prieto
et al. [27] with slight modification. Extracts (300 ug)
were dissolved in a mixture of 3 ml of reagent solution
(0.6 M sulphuric acid, 28 mM sodium phosphate and 4
mM ammonium molybdate) and incubated at 95°C for 90
min. After the samples were cooled to ambient tempera-
ture, the absorbance of the solution was measured at 695
nm against reagent blank containing only the respective
solvents. The results were reported as pM ascorbic acid
equivalents/g of extract.

2.3.4. Antibacterial Potential of the Extracts

The leaf extracts of P. amboinicus were tested against
Bacillus cereus, Staphylococcus aureus, Escherichia coli
and Yersinia enterocolitica by the method of Negi et al.
[28]. One hundred pl of overnight grown bacterium di-
luted to 10° cfu/ml was inoculated into the flask contain-
ing 20 ml nutrient agar and different concentrations of
leaf extracts, and the contents were poured into sterilized
petri plates. The plates were observed for bacterial growth
after overnight incubation at 37°C and minimum inhibi-
tory concentration (MIC) was defined as the lowest con-
centration of the compound capable of inhibiting the com-
plete growth of bacteria.

2.3.5. Statistical Analysis

The results obtained in various experiments were ex-
pressed as mean + SD (n = 3). All the extracts were
compared with HAE using the t-test in microsoft excel
and significance was determined at 5% level. The corre-
lation coefficient for TPC and the DPPH scavenging
activity of the extracts was also calculated using Micro-
soft Excel.

3. Results and Discussion

The leaves of P. amboinicus were extracted by three dif-
ferent methods viz. sequential, hydroalcoholic (HAE)
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and freeze dried (FD) form, in order to select the most
potent antioxidant and antibacterial fraction. The highest
yield was obtained with sequential methanolic extract
(8.75%), while the lowest was that for acetone (0.59%).
The yield of various extracts was in the order of metha-
nol (8.75%) > ethyl acetate (6.98%) > FD (3.56%) >
hexane (3.5%) > HAE (1.43%) > acetone (0.59%).

The total phenolic content in the different extracts
showed that ethyl acetate and acetone extracts had sig-
nificantly (p < 0.05) higher total phenolics than HAE,
whereas FD, methanol, and hexane extracts had signifi-
cantly (p < 0.05) lower total phenolics than HAE (Figure
1). In general, it is reported that extraction of phenolic
compounds is highest when methanol or aqueous me-
thanol is used [29,30]. However, a slightly higher TPC in
acetone extract as compared to methanolic extract of po-
megranate rinds has been reported previously [31]. Pro-
bably, due to sequential extraction procedure, where me-
thanol is used after ethyl acetate and acetone a lower
TPC in methanol was obtained in the present study. Ethyl
acetate has a concentrating effect on plant phenolics [32].
Alisi and Onyeze [33] also showed that the ethyl acetate
fraction of the leaves of Chromoraena odorata contained
31% more phenolics than the methanolic extract similar
to what was observed in our study.

The DPPH radical is a widely used model to evaluate
the antioxidant property of plant extracts [34]. DPPH is a
stable nitrogen-centered free radical, the color of which-
changes from violet to yellow upon reduction by either
the process of hydrogen- or electron-donation. Sub-
stances which are able to perform this reaction can be
considered as antioxidants and therefore radical scaven-
gers [35]. The radical scavenging activity of the extracts
of P. amboinicus at different concentrations is shown in
Table 1. Results show that at 100 ppm, the radical scav-
enging activity was highest for ethyl acetate extract
(54.18%), while it was least for hexane extract (11.8%).
The scavenging activity of the extracts was dose de
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Figure 1. Total phenolic content (TPC) of the different sol-
vent extracts of P. amboinicus. "Values were significantly (p
<0.05) different as compared to HAE.
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Table 1. DPPH radical scavenging activity of different extracts of P. amboinicus leaves.
% DPPH radical scavenging activity
Concentration (ppm)
BHA Sequential HAE FD
Hexane Ethyl acetate Acetone Methanol
20 95.82+0.1 7.18£0.38 26.88 +0.6 23.6+1.22 13.13+£0.42 21.58+0.79 15.67 +£2.30
40 95.87+0.1 8.92+0.05 32.84+1.48 30.8 +3.03" 13.49+£0.40 23.64 £2.61 2045+ 1.6
60 96.20+0.2 9.56 +0.68 41.83+£1.26 42.6 £3.67 1479 £0.17 2420+ 0.45 22.80+0.3"
80 96.20+ 0.1 10.65+0.5 48.23 +0.81 46.1 £1.97 1532+ 0.11 26.35+1.25 23.82+£0.98
100 96.20 £ 0.1 11.8£0.16 54.18+0.5 50.2+£1.99 19.40 £ 0.20 27.62 +1.67 24.44 +0.78

TValues were statistically similar (p < 0.05) to HAE at respective concentration.

pendant. The DPPH radical scavenging activity of the
plant extracts was in the order of ethyl acetate > acetone
> HAE > FD > methanol > hexane. The DPPH scaveng-
ing activity of the HAE in the present study was 27.62%
at 100 ppm, which was at par with the DPPH scavenging
activity of the 50% ethanolic extract of Indian borage
leaves (30.4%) at similar concentration [22]. In our ex-
periments, it was observed that the radical scavenging
activity in the plant extracts correlated well (correlation
coefficient = 0.98) with the data obtained for the total
phenolic content in them. This observation has also been
reported by other researchers [25,36,37].

Phenolic compounds in plant extracts contribute sig-
nificantly to their antioxidant potential because of their
unique structure. Phenolics are composed of one (or
more) aromatic rings bearing single or multiple hydroxyl
groups and are therefore potentially able to quench free
radicals by forming resonance-stabilized phenoxyl radi-
cal [38,39]. The percent inhibition of DPPH radical by
the extracts was compared to a synthetic antioxidant
namely butylated hydroxyanisole (BHA). All the frac-
tions showed less radical scavenging activity compared
to BHA. The activity of the extract which showed the
highest DPPH radical scavenging activity (ethyl acetate)
was approximately half of BHA at 100 ppm concentra-
tion. At around 200 ppm, the ethyl acetate fraction shows
nearly 93% DPPH scavenging activity (data not shown).
Although, when compared to BHA, the concentration
required for an equivalent activity was higher for this
fraction, there is widespread agreement that synthetic
oxidants like BHA and butylated hydroxytoluene (BHT)
need to be replaced with natural antioxidants considering
their potential health risks and toxicity [40].

The total antioxidant capacity of the plant extracts was
determined by the phosphomolybdenum method. This
method is based on the reduction of molybdenum Mo (VI)
to Mo (V) by the antioxidant compounds and the forma-
tion of a green Mo (V)-antioxidant complex with maxi-
mum absorption at 695 nm. The results of the total anti-
oxidant capacity of the leaf extract of P. amboinicus are
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presented in Table 2.

The total antioxidant activity was highest in the ethyl
acetate extract (3085.8 £ 2.53 uM AAE/g extract) fol-
lowed by acetone > methanol > HAE > FD. However,
this result does not correlate very well with the sequence
obtained for the DPPH radical scavenging activity, wherein
activity of the methanolic extract was less as compared to
the HAE and FD fraction.

Antibacterial activity of the different extracts was
evaluated by agar dilution method against four foodborne
pathogens and expressed in terms of minimum inhibitory
concentration (MIC in ppm). The MIC of extracts against
different pathogens varied depending on pathogen and
extract in question (Table 3). Among the pathogens
tested, B. cereus was the most sensitive species and
showed the least MIC value. Hexane and freeze dried
extracts could not inhibit the complete growth of B. cer-
eus even at 2500 ppm concentration, and were therefore
not tested against other pathogens. Among all the ex-
tracts, acetone extract showed lowest MIC values against
the tested cultures. The antibacterial activity may be at-
tributed to the phenolic content. The antibacterial activity
of ethyl acetate extract was higher than methanol and
HAE extract as it had the highest phenolics. Although,
acetone extract had lower phenolics than ethyl acetate

Table 2. Total antioxidant capacity (TAC) of different leaf
extracts of P. amboinicus.

Extracts TAC (uM Ascorbic Acid Equivalent/g

of extract)
Hexane 112.01 £ 0.997
Et}t‘-‘/tl 3085.8 £2.53"
Sequential acetate
Acetone 3022.55 £ 0.18"
Methanol 78256+ 1.217
HAE 523.57 + 3.60
FD 474.06 2917

tValues were significantly (p < 0.05) different as compare to HAE.
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Table 3. Antibacterial activity of Indian borage extracts (MIC in ppm).

Extract S. aureus B. cereus E. coli Y. eterocolitica
Hexane ND >2500 ND ND
Ethyl acetate 1250 1000 1000 1250
SEQUENTIAL
Acetone 750 437.5 1000 1000
Methanol 3750 2500 5000 3750
HAE 2500 1875 5000 2500
FD ND >2500 ND ND
Values are result of four experiments where no growth was observed. ND: not determined.
extract, it showed better antibacterial activity than ethyl plant material.
acetate extract. It has been reported, that not only total
content, but the type of phenolics and their relative dis-
: vbe o P REFERENCES

tribution is important for biological activity. Both ace-
tone and ethyl acetate extract have higher phenolics and
showed higher antioxidant and antibacterial activity than
other extracts. Earlier works have reported antimicrobial
activity of volatile oils of Plectranthus aromaticus against
Gram positive and Gram-negative bacteria and fungi [41,
42]. Carvacrol, thymol, B-caryophyllene have been re-
ported to be the active constituents of the essential oil of
this plant [43-45]. However, in the present investigation
we have tested the bioactivity of the non-volatile com-
pounds present in various extracts, and higher amount of
these compounds (probably phenolics) in the ethyl ace-
tate and acetone extract of the leaves may be responsible
for their higher bioactivity. In general, Gram-negative
bacteria are more resistant than Gram-positive bacteria
[29,46-51] and in the present study also Gram-negative
bacteria showed higher MIC values for all the extracts.
Higher resistance of Gram-negative bacteria than Gram-
positive bacteria against different antibacterial compounds
is attributed to differences in their cell wall [52,53] and
outer membrane [54,55].

In summary, the present study showed that the bio-
logically active constituents from P. ambonicus can be
extracted with different solvents. The ethyl acetate extract
in the present study showed higher phenolics and higher
antioxidant activity. The acetone extract also showed
highest antibacterial activity and good antioxidant activ-
ity. High antioxidant and antibacterial activities observed
in acetone and ethyl acetate extracts does provide oppor-
tunities to explore them as biopreservatives.
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