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ABSTRACT

Objective: To investigate in-vitro antibacterial and free radical scavenging potentials of Mesua ferrea L. stamens which are used in traditional
medicinal preparations along with their phytochemical investigation and in-vivo toxicity studies

Methods: Various extracts of M. ferrea stamens were prepared by kinetic maceration method using four organic solvents. Potent antibacterial n-
hexane extract of stamens was selected in the preliminary screening for antibacterial activity which was performed by an agar diffusion method for
further studies. Quantification of antibacterial activity of n-hexane extract was carried out using broth microdilution method as per CLSI guidelines.
Phytochemical investigations of the same extract were performed using qualitative tests for the detection of various phytochemical groups and
Libermann-Burchard colorimetric assay for determination of total terpenoid content. In-vivo safety of the extract was determined by acute oral
toxicity studies in mice as per OECD guidelines test no. 420.

Results: n-hexane extract of M. ferrea stamens was found most potent amongst other extracts studied for antibacterial activity; moreover it
exhibited bactericidal activity against selected bacterial pathogens. The same extract exhibited good free radical scavenging activity in DPPH assay
(ICso0 value = 66.3 pug/ml). Phytochemical investigation of extract revealed presence of sterols, terpenoids and volatile oil components and the total
terpenoid content was estimated as 102.8 mg/ml of dried extract (in terms of lupeol equivalents). The extract was found safe in mice in acute oral
toxicity studies.

Conclusion: M. ferrea stamens exhibited broad spectrum antibacterial activity along with good free radical scavenging potential and in-vivo safety

which encourage further studies in the area.
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INTRODUCTION

Mesua ferrea Linn is a medium to large evergreen tree from the
family Clusiaceae; widely distributed in countries like India, Burma,
Thailand, Indochina and New Guinea [1, 2]. In India, it occurs in the
lower Himalayas from Nepal eastwards to Bengal, Assam, Eastern
and Western Ghats, North Canara, Konkan region of Maharashtra
state, Andhra Pradesh and Andaman & Nicobar Islands ascending up
to 1500 meters [3]. The plant is extensively used in traditional
medicine for various pharmacological actions and constitutes a part
of the number of traditional medicinal preparations such as
Nagkeshara-adi-churna, Nagkeshara Yoga, Eladi churna, Lavangadi
churna and Dasamoolarishta etc [2].

M. ferrea seeds, leaves and stem bark have been studied for the array
of medicinal properties such as antioxidant and antimicrobial
activity, analgesic, antispasmodic and anti-venom activities,
immunomodulatory and anti-arthritic potentials etc [2]. Flowers of
M. ferrea have also been studied for their various medicinal
potentials. The dried flowers of the plant are aromatic and used for
the treatment of bleeding piles, dysentery, cough and also used as
carminative [4]. The flower extract is an ingredient of Ayurvedic
preparation 'Arshina’ tablets used for the treatment of piles [5]. M.
ferrea flowers have also been studied for their anti-convulsant, anti-
neoplastic, hepatoprotective and immunomodulatory activities [2].
Methanolic and dichloromethane extracts of M. ferrea flowers have
been studied for antibacterial activity against various bacterial
pathogens [2]. In-vivo and in-vitro antioxidant activity of methanol
and ethanol extracts of M. ferrea flowers have also been reported [2].
Volatile oil from M. ferrea flowers exhibited antibacterial, antifungal
and anthelmintic activities [6]. However, only a limited amount of
research work has been reported for the stamens of M. ferrea which
represent a major constituent of M. ferrea flowers as they are
abundantly present in the flowers. They also constitute drug
preparations such as 'Nagkeshar' which is used for treatment of

fever, dispepsia and renal diseases [2, 6]. But only a smaller amount
of scientific data is available regarding their medicinal potentials,
phytochemical analysis and in-vivo safety.

Hence, the present study was undertaken to evaluate broad
spectrum antibacterial potential of various extracts of M. ferrea
stamens, quantification of antibacterial activity of potent extract and
evaluation of antioxidant activity and phytochemical investigation
for various phytochemical groups present in the potent extract.
Quantification of Total Terpenoidal Content and assessment of in-
vivo safety of the potent extract by acute oral toxicity studies in mice
were also part of the study.

MATERIALS AND METHODS
Collection and authentication of plant material

Stamens of M. ferrea were procured from local herb trader. They
were authenticated from Agharkar Research Institute (ARI), Pune
(India), with voucher specimen number I/F-30.

Extraction of M. ferrea stamens

Extraction of stamens was carried out using the method of ' kinetic
maceration' in which plant material is kept in constant motion with
the extraction solvent [7]. Four organic solvents differing in their
polarities were used for extraction purpose. The solvents were
namely; n-hexane, dichloromethane, ethyl acetate and ethanol
Extraction was carried out at room temperature using rotary test
tube shaker at 30 RPM for 6 hours. 1 g of plant material was
extracted using 10 ml of organic solvent. The extracts were filtered
to remove particulate matter. The organic solvents after extraction
was evaporated under vacuum and dried extracts were dissolved in
dimethyl sulfoxide (DMSO) to a stock concentration of 5 % w/v for
further microbiology work.
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Pathogenic bacteria procured for the study

Six pathogenic bacteria known to cause an array of infections in
human, were selected for evaluation of antibacterial activity of
various extracts M. ferrea. The authentic, pathogenic strains of
bacteria were procured from Microbial Type Culture Collection
(MTCC), Institute of Microbial Technology, Chandigarh (India). The
six pathogenic bacteria were as follows:

The gram positive bacteria selected for the study were

1. Staphylococcus aureus, MTCC No. 96, pathogenic strain

2. Staphylococcus epidermidis, MTCC No. 435, isolated from skin lesion
3. Streptococcus mutans, MTCC No. 497, isolated from carious dentine
The gram negative bacteria selected for the study were

1. Pseudomonas aeruginosa, MTCC No.3542, pathogenic strain
isolated from human

2. Proteus mirabilis, MTCC No. 425, isolated from urine of patient
with kidney stones

3. Serratia marcescens, MTCC No. 97, pathogenic strain isolated from
pond water

All the cultures (except S. mutans) were maintained on nutrient agar.
S. mutans was maintained on Brain Heart Infusion (BHI) agar as per
MTCC recommendations.

Preliminary antibacterial screening

Preliminary screening for antibacterial activity of the various
extracts of M. ferrea, was carried out using zone of inhibition-agar
diffusion assay. Mueller Hinton (MH) Broth, Brain-Heart Infusion
(BHI) broth and Mueller Hinton (MH) Agar (all manufactured by
Himedia) were used for the assay.

All the bacterial cultures were freshly grown overnight in the broth
media recommended by MTCC. The turbidity of all the cultures was
adjusted to match 0.5 Mcfarland standard (approx. matching to 1.5 x
108 CFU/ml) using sterile MH broth. 1 ml of the turbidity adjusted
inoculum was mixed with 20 ml of sterile molten MH agar. The
mixture was poured in petri plates (BOROSIL) and allowed to cool and
solidify. After solidification of the seeded agar in petri plates, wells of 8
mm diameter were punched through the surface. 50 pl of all test
extracts of M. ferrea were added to the stipulated wells and petri plates
were incubated at 37 °C for 24 hours (except for S. marcescens, which
was incubated at 30 °C as per MTCC recommendations). After the
incubation period, the plates were observed for clear zones of
inhibition of bacterial growth due to antibacterial compounds present
in the test extracts. The zones of inhibition around wells were
measured in millimetres. 0.02 % v/v of Clindamycin (Cipla Ltd., India)
and 0.01 % v/v Gentamicin (Aquafine Injecta Pvt. Ltd,, Pune, India)
were used as a positive control for antibacterial activity against gram
positive and gram negative bacteria respectively as per Clinical
Laboratory Standards Institute (CLSI) guidelines [8]. The experiment
was repeated three times and results are expressed as a mean of three
experiments with standard deviation.

Determination of MIC and MBC values

The most potent antibacterial n-hexane extract of M. ferrea which
was shortlisted in preliminary screening study; was evaluated for its
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) values. MIC and MBC were determined by
broth microdilution assay using 96-wells microtitre plates as per
CLSI guidelines with some modifications [9].

Determination of free radical scavenging potential

Free radical scavenging activity of n-hexane extract of M. ferrea was
evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay. 3.94 mg
of DPPH was dissolved in 100 ml of methanol to give 0.1 mM DPPH
reagent. Ascorbic acid was used a standard for the assay at
concentration range of 10-34 pg/mL. Dried n-hexane extract of M.
ferrea dissolved in methanol was used a test solution at a
concentration range of 20-120 pg/ml. 3 ml each of the solutions of
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the test extract was mixed with the 1 ml of the prepared DPPH
reagent and allowed to react in dark for 45 minutes at room
temperature. Afterwards, the absorbance of all the test mixtures was
measured using spectrophotometer (JASCO V-630) at 517 nm.
Methanol was used as a blank and methanol (without plant extract)
added with DPPH reagent was used a control for the assay.
Absorbance values of all the test samples and standards were
recorded in triplicates. The free radical scavenging activity was
calculated by following formula:

% DPPH reduction
_ Absorbance of control — Absorbance of test sample

X 100
Absorbance of control

The ICso values of test extract and standard ascorbic acid were

calculated using linear regression analysis and compared.

Phytochemical analysis

Qualitative tests for the detection of various groups of
phytochemicals present in the n-hexane extract of M. ferrea stamens,
were carried out using standard methods of Jones & Kinghorn,
(2006) [10] and Sasidharan et al, (2011) [11].

Determination of total terpenoid contents

From a stock solution (400pg/mL) of lupeol standard in chloroform;
6, 7, 8,9 and 10 ml of solutions were taken out and evaporated
separately to give concentration range of 2400-4000 pg. Similarly, 3
ml of n-hexane extract of M. ferrea (10 mg/ml) was evaporated to
dryness. To these dried standards and test extract, 0.5 ml of glacial
acetic acid and 5 ml Liebermann-Burchard reagent was added. The
volumes of mixtures were made to 10 ml using chloroform. The
mixtures were allowed to stand for 20 minutes. Absorbance values
of all the concentrations of the standard and test extract were read
at 618 nm using UV-Visible spectrophotometer (JASCO V-630).
Appropriate blank was used for the assay. Total terpenoidal content
of the test extract was determined from the equation (y = 8E™%° x
0.01) obtained by linear regression analysis of the calibration curve
of standard lupeol and expressed as lupeol equivalents (mg) per
gram of dried extract. Experiment was performed in triplicates and
results were expressed as mean value with standard deviation.

In-vivo acute oral toxicity studies

In-vivo acute oral toxicity study for safety assessment of n-hexane
extract of M. ferrea was carried out as per Organization for Economic
Co-operation and Development (OECD) guidelines test no. 420.
Study was performed on Swiss Albino female mice at Animal Testing
Centre of Ramnarain Ruia College, Mumbai (India); after an approval
(KB-130620-01) from Institutional Animal Ethics Committee. Fixed
dose procedure at a dose level of 2000 mg/kg body weight of an
animal was followed. Daily food and water intake, body weight
changes, mortality, colour and consistency of feces, breathing
abnormalities, gait etc. were the parameters observed for the
animals during the study.

RESULTS

Extraction of M. ferrea stamens at room temperature by kinetic
maceration method gave different percent extraction yields for
various organic solvents used, as shown in table 1. The yields were
in the decreasing order for ethanol (14.2%) > ethyl acetate (12.6%)
> n-hexane (7.2%) > dichloromethane (5.1%). It was observed that
the yields were more for mid-polar and polar solvents than the non-
polar ones.

Results obtained for preliminary screening for antibacterial activity
by the zone of inhibition-agar well diffusion method are given in
table 1. Zones of inhibition values mentioned in the table are means
of three different experiments performed on three different days
with the standard deviation values. All the four test extracts of M.
ferrea stamens exhibited broad spectrum antibacterial activity. It
was observed that n-hexane extract of M. ferrea stamens
demonstrated fairly potent broad spectrum antibacterial activity as
it exhibited larger diameters for inhibition zones against all the test
pathogenic bacteria. Hence the n-hexane extract of M. ferrea stamens
was shortlisted for further studies. The inhibition zone diameters for
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n-hexane extract of M. ferrea stamens ranged between 17.3-11.7 marcescens. The zone diameters obtained for n-hexane extract of M.
mm. Largest zone diameters were observed against S. mutans and P. ferrea stamens were comparable with the zone diameters exhibited
mirabilis whereas the smallest zone diameter was obtained for S. by synthetic positive controls (standard antibiotics) used.

Table 1: It shows the percent extractions yields and inhibition zone diameters for the antibacterial activity of four extracts of M. ferrea
stamens by agar well diffusion assay

S. Pathogenic Diameter of zone of inhibition + Standard deviation (S. D) for M. DMSO 0.02% 0.01 %
No. bacteria ferrea extracts (5% w/v) with their percent extraction yield (Vehicle) Clidamycin Gentamicin
n-hexane DCM Ethyl acetate Ethanol
(7.2%) (5.1%) (12.6%) (14.2%)
1 S. aureus 15.7 + 0.58 13.3+0.58 12.7 + 0.58 12.3+0.58 - 11.7 + 0.58 Not Tested
(MTCC 96)
2 S. epidermidis 16.3 +1.15 13+1 13.7 + 1.52 12.7 + 0.58 - 11.3+0.58 Not Tested
(MTCC 435)
3 S. mutans 17.3+0.58 14.3 + 0.58 13.3+0.58 14.7 + 0.58 - 15.7 + 0.58 Not Tested
(MTCC 497)
4 P. aeruginosa 12+1 9.7 + 0.58 9.3+0.58 10+1 - Not Tested 12.3+0.58
(MTCC 3542)
5 P. mirabilis 17.3+1.15 11.3 +1.15 11.3+0.58 10.3 +0.58 - Not Tested 12.7 + 0.58
(MTCC 425)
6 S. marcescens 11.7 + 0.58 10.33 +0.58 9.3+0.58 9.7 + 0.58 - Not Tested 13.7 +0.58
(MTCC97)
Abbreviations

DMSO: Dimethyl sulfoxide, DCM: Dichloromethane, -: No zone of inhibition was observed,

Table 2 gives the MIC and MBC values for the quantification of antibacterial activity of n-hexane extract of M. ferrea stamens against test pathogenic
bacteria. The MIC values ranged between 0.2-0.8 % w/v. Lowest MIC value of 0.2 % w/v was observed against S. epidermidis. A sample is said to be
bactericidal in nature when the ratio of MBC/MIC < 4 and bacteriostatic when this ratio is > 4 [12]. The n-hexane extract of M. ferrea stamens was
found bactericidal in nature as it exhibited MBC/MIC ratio 4 or less than 4 against four of the six pathogenic bacteria (for S. aureus and S. marcescens
the MBC value was out of the concentration range selected for the study).

Table 2: It shows MIC and MBC values obtained for the n-hexane extract of M. ferrea stamens as per CLSI guidelines

S. No. Pathogenic Bacteria n-hexane extract of MBC/MIC ratio*
M. ferrea stamens
MIC MBC

1 S. aureus (MTCC 96) 0.8% Abovel.6% -

2 S. epidermidis (MTCC 435) 0.2% 0.8% 4

3 S. mutans (MTCC 497) 0.8% 0.8% 1

4 P. aeruginosa (MTCC 3542) 0.8% 1.6% 2

5 P. mirabilis (MTCC 425) 0.4% 0.8% 2

6 S. marcescens (MTCC 97) 0.8% Abovel.6% -

(Concentration range tested for the extract was 1.6% - 0.05% w/v), -: Not calculated, * MBC/ MIC < 4: Bactericidal Activity [12], * MBC/ MIC > 4:
Bacteriostatic Activity [12],

Results of the qualitative tests for the investigation of phytochemical groups present in the n-hexane extract of M. ferrea stamens are given in table
3. The investigation revealed the presence of steroids, terpenoids and volatile oils in the test extract.

Table 3: It shows the results obtained for the qualitative phytochemical investigation of n-hexane extract of M. ferrea stamens

S. No. Phytochemical groups Test Reference Results*
1 Sterols Liebermann-Burchard test Jones and Kinghorn, 2006 [10] +
2 Terpenoids Salkowski test Sasidharan et al, 2011 [11] +
3 Volatile oils NaOH and H2S04 Test Sasidharan et al, 2011 [11] +
4 Phenolic compounds Ferric chloride test Jones and Kinghorn, 2006 [10] -
5 Flavonoids Shinoda test Jones and Kinghorn, 2006 [10] -
6 Tannins Gelatine-Salt test Jones and Kinghorn, 2006 [10] -
7a. Alkaloids Mayer's Reagent Test Jones and Kinghorn, 2006 [10] -
7b. Dragendorff's Reagent Test Jones and Kinghorn, 2006 [10] -
8 Saponins Foam Test Jones and Kinghorn, 2006 [10] -

* +: Presence of Phytochemical Group, -: Absence of Phytochemical Group

Total Terpenoid Content of n-hexane extract of M. ferrea stamens was determined using Libermann-Burchard colorimetric assay. Lupeol was used
as a standard and the Total Terpenoid Content was found to be 102.8 mg lupeol equivanents per gram of dried extract (table 4). Fig. 1 illustrates the
linear regression analysis for the calibration curve of the standard lupeol.

Table 4: It shows the Total Terpenoid Content of n-hexane extract of M. ferrea stamens

Test extract Total terpenoid content

n-hexane extract of M. ferrea stamens 102.8 + 33.5 mg/g of dried extract
(Lupeol Equivalents)
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Table 5: It shows the Percent DPPH inhibition recorded for ascorbic acid standard and n-hexane extract of M. ferrea stamens

S. No. % DPPH inhibition for ascorbic acid % DPPH inhibition for
n-hexane extract of M. ferrea stamens
Concentration Mean Concentration Mean
(ng/ml) (ng/ml)
1 10 26.48 20 1.35
2 14 38.85 40 12.39
3 18 43.13 60 56.96
4 22 66.12 80 67.19
5 26 79.26 100 88.98
6 30 86.48 120 95.64
7 34 98.18 -

ICso Value = 17.9 pug/ml

ICso Value = 66.3 pg/ml

Calibration curve for Lupeol

y=8E®x-0.017
R2=0.972 /
/ ——Lupeol
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Fig. 1: It shows the calibration curve for lupeol standard from
which Total Terpenoid Content of n-hexane extract of M. ferrea
stamens was calculated

DPPH assay was used for the determination of free radical
scavenging potential of n-hexane extract of M. ferrea stamens for
which ascorbic acid was used as a standard. The ICso value of 66.3
ug/ml was obtained for the test extract as compared to the ICso
value of 17.9 pug/ml for the ascorbic acid standard. table 5 shows the
% DPPH inhibition values as per concentration for test extract as
well as the ascorbic acid standard. fig. 2 illustrates the combined
graph for the concentration versus % DPPH inhibition values for the
test extract and the ascorbic acid standard.

M. ferrea and Ascorbic acid standard
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Fig. 2: It shows the combined graph for the concentration
versus %DPPH inhibition values of the test extract and the
ascorbic acid standard

DISCUSSION

Extraction of M. ferrea stamens in various organic solvents gave
different extraction yields. Percent extraction yields for polar and
midpolar solvents such as ethanol and ethyl acetate were
comparatively more than non-polar solvents such as n-hexane and

dichloromethane, which represent that the stamens of M. ferrea
contains more amount of mid-polar and polar phytoconstituents
than the non-polar ones.

However, remarkably higher antibacterial activity with larger zones
of inhibition was exhibited by non-polar n-hexane extract of M.
ferrea stamens as compared to other extracts in the preliminary
screening for antibacterial activity by an agar diffusion method. It
indicates that the higher extraction yields do not necessarily
correspond to higher antibacterial activity. In the case of M. ferrea
stamens, the phytoconstituents responsible for potent antibacterial
activity must be non-polar in nature and hence they were extracted
in non-polar solvent such as n-hexane, following the principle of
'like-dissolves-like'. Various extracts of M. ferrea stamens exhibited
broad spectrum antibacterial activity. The n-hexane extract was
found bactericidal in nature as it gave MBC/MIC ratio < 4 [12] for
most of test bacterial pathogens; which are known causative agents
of various infections in human such as skin and soft tissue infections,
urinary and respiratory tract intections, nosocomial infections, tooth
decay and dental caries, eye infections etc.

Qualitative phytochemical tests for the potent antibacterial n-hexane
extract of M. ferrea stamens revealed presence of classes of
phytoconstituents such as terpenoids, steroids and volatile oil
components. This was found in agreement with the fact that generally;
lipophilic components in plants such as alkanes, fatty acids, sterols, and
terpenoids are extracted in nonpolar solvents [13]. The monoterpenes
and sesquiterpenes are chief constituents of essential oils and steroids
are biologically the triterpene derivatives [14, 13]. Hence following the
presence of sterols, terpenoids and volatile oil components in the test
extract as per qualitative tests, the total terpenoid content of n-hexane
extract of M. ferrea stamens was estimated using Liebermann-Burchard
colorimetric assay. Lupeol, a medicinally active triterpene, was used as a
standard for the assay which demonstrated significantly higher values of
total terpenoid content i. e. 102.8 mg/g in the dried test extract in terms
of lupeol equivalents.

The n-hexane extract also exhibited significant free radical
scavenging activity in the present study with ICso value of 66.3
pg/ml in comparison with the 1Cso value of 17.9 pg/ml obtained for
ascorbic acid standard. The terpenoidal classes present in the test
extract may be responsible for the free radical scavenging activity as
monoterpenes and sesquiterpenes (which are main constituents of
volatile/ essential oils) as well as diterpenes, phenolic terpenes
show antioxidant activity in plants [14, 15]. In-vivo and in-vitro
antioxidant activity of M. ferrea flowers have already been reported.
In an in-vivo study dried methanolic extract of M. ferrea flowers had
exhibited antioxidant activity in female wistar mice at 100 and
200mg/kg concentration [2]. Ethanol extract of M. ferrea flowers
had also been studied for nitric oxide assay for free radical
scavenging activity [2]. Present study demonstrates that the stamens
which are abundantly present in M. ferrea flowers, exhibit the same
free radical scavenging activity. Hence it can be assumed that the
antioxidant activity of M. ferrea flowers could mainly be due to the
antioxidant components present in the M. ferrea stamens.

Furthermore, the n-hexane extract of M. ferrea stamens was found
completely safe in mice at a dose level of 2000 mg/kg body weight of an
animal. There were no significant changes in food and water intake, no
significant decrease in body weights and no mortality was recorded for
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the test group in comparison with the control group. The results are in
agreement with the toxicological data reported for acetone extract of
stamens which was found safe upto 1600 mg/kg p. o.[1].

CONCLUSION

In the present study, the n-hexane extract of M. ferrea stamens was
found to possess significant bactericidal and antioxidant activities. In
addition, the in-vivo safety data obtained for the plant validates its
use in traditional medicinal preparations. The medicinal properties
of M. ferrea stamens evaluated in present study can be attributed to
the presence of steroids, terpenoids and volatile oil components and
the higher total terpenoid content as demonstrated. Hence the
present research establishes the medicinal worth of M. ferrea
stamens. The bioactivity-guided isolation and identification of
pharmacologically active components and further extensive studies
on the therapeutically potential and safe extract may provide some
important leads in the area.

ACKNOWLEDGEMENT

Authors are thankful to Dr. R. T. Sane and Dr. B. V. Vakil for technical
support and Guru Nanak Institute of Research and development
(GNIRD), G. N. Khalsa College for providing excellent laboratory facilities.

CONFLICTS OF INTERESTS
Authors have no conflicts of interest to declare.
REFERENCES

1. Sharma PC, Yelne MB, Dennis TJ, editors. Database on indian
medicinal plants used in ayurveda, Volume 1. New Delhi, India:
Published by Central Council for Research in Ayurveda and Siddha
(CCRAS), Department of Indian System of Medicine and
Homeopathy, Ministry of Health and Family Welfare (Govt. of
India); 2000.

2. Chahar MK, Sanjaya Kumar DS, Geetha L, Lokesh T, Manohara
KP. Mesua ferrea L. A review of the medical evidence for its
phytochemistry and pharmacological actions. Afr ] Pharm
Pharmacol 2013;7 Suppl 6:211-9.

3. Gupta AK, Tandon N, Sharma M, editors. Quality Standards of
Indian Medicinal Plants Volume 3. New Delhi, India: Published
by Indian Council of Medical Research (ICMR); 2005.

4.  Thakur RS, Puri HS, Husain A, editors. Major Medicinal Plants of
India. Lucknow, India: Published by Central Institute of
Medicinal and Aromatic Plants (CIMAP); 1989.

10.

11.

12.

13.

14.

15.

Int ] Pharm Pharm Sci, Vol 7, Issue 4, 93-97

The Wealth of India: A dictionary to Indian raw materials and
industrial products. Second Supplement Series (Raw
Materials). Volume 2: (G-Ph). New Delhi: India, Published by
National Institute of Science Communication and Information
Resources (NISCAIR), CSIR; 2007.

The Wealth of India: A dictionary to Indian raw materials and
industrial products. First Supplement Series (Raw Materials).
Volume 4: (J-Q). New Delhi: India, Published by National
Institute of Science Communication and Information Resources
(NISCAIR), CSIR; 2003.

List PH, Schmidt PC, editors. Phytopharmaceutical Technology.
New Delhi, India: Authorized reprint by Wiley India Pvt. Ltd;
2010.

Performance Standards for Antimicrobial Susceptibility Testing;
21st Informational supplement by clinical and laboratory
standards institute (CLSI). Document M100-S21 2011; 30:1.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard-7th ed. By
Clinical and Laboratory Standards Institute (CLSI). Document
M7-A7 2006;26:2.

Jones WP, Kinghorn AD. Extraction of plant secondary
metabolites. In: Sarker SD, Latif Z, Gray Al, editors. Methods in
biotechnology-natural products isolation. 2nd ed. Totowa, New
Jersey: Humana Press; 2006. p. 323-51.

Sasidharan S, Chen Y, Saravanan D, Sundram KM, Yoga Latha L.
Extraction, isolation and characterization of bioactive
compounds from plants extracts. Afr J Tradit Complement
Altern Med 2011;8 Suppl 1:1-10.

Djeussi D, Noumedem JAK, Seukep JA, Fankam AG, Voukeng IK,
Tankeo SB, et al. Antibacterial activities of selected edible
plants extracts against multidrug-resistant Gram-negative
bacteria. BMC Complement Altern Med 2013;13:164.

Hong WL. Extraction and isolation of compounds from herbal
medicines. In: Willow JHL, editor. Traditional Herbal Medicine
Research Methods Identification, Analysis, Bioassay, and
Pharmaceutical and Clinical Studies. Singapore: A John Wiley &
Sons, Inc. Publication; 2011. p. 81-138.

Grabmann ]. Terpenoids as plant antioxidants. In: Gerald
Litwack editor. Plant Hormones. Vitamins and Hormones book
series: Volume 72. San Diego: Elsevier Academic Press; 2005.
Ghosh S, Derle A, Ahire M, More P, Jagtap S, Phadatare SD, et al.
Phytochemical analysis and free radical scavenging activity of
medicinal plants Gnidia glauca and Dioscorea bulbifera.
PLoS One 2013;8 Suppl 12:1-18.

97


http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Gerald+Litwack&search-alias=books&text=Gerald+Litwack&sort=relevancerank�
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Gerald+Litwack&search-alias=books&text=Gerald+Litwack&sort=relevancerank�
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Gerald+Litwack&search-alias=books&text=Gerald+Litwack&sort=relevancerank�

