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Abstract
Aim: The present investigation was carried out to determine the possible bioactive components of Cenchrus
ciliaris, in vitro antibacterial activity of methanolic extracts, and comparative estimation of antioxidant properties
(in vitro and in vivo) of C. ciliaris (Poaceae). Materials and Methods: Antibacterial activity was evaluated
against seven Gram-negative bacteria, two Gram-positive bacteria, and three fungi, using disk diffusion method
followed by determination of minimum inhibitory concentrations by broth dilution method, against sensitive
bacteria and fungi. Bioactive components determined using thin-layer chromatography, infrared spectra, and
gas chromatography–mass spectrometry analysis, and antioxidant properties estimated in terms of peroxidase,
catalases, polyphenol oxidase, superoxide dismutase, lipid peroxidation activity and carotenoids, and total
phenolics contents. Results and Discussion: The most bioactive compound in C. ciliaris was stigmasterol
(3.02%), Rf value (0.83). Most of the extracts at higher concentrations showed varying degrees of inhibitory
activity against all bacteria. The highest activity was exhibited by the leaf extract against Staphylococcus aureus.
Escherichia coli, Agrobacterium tumefaciens, and Candida albicans were the most sensitive pathogens which
show maximum antimicrobial effects. Gentamycin and Ketoconazole, the standard antibiotics used were effective
against the bacteria and fungi, respectively. Highest antioxidant properties of C. ciliaris were found to greater in
in vivo than in vitro. Conclusion: C. ciliaris contains various bioactive compounds. Hence, it is recommended as
a plant of phytopharmaceutical importance.
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T

INTRODUCTION

he chemical analysis of methanolic extract
of Cenchrus ciliaris showed a mixture of
long-chain hydrocarbons, carboxyl esters,
alcohols, acids, alkaloids, steroids, amino and
nitro compound, etc. Stigmasta-5, 22-dien-3-ol
(stigmasterol) was isolated and identified from
the extract. Phytochemical screening using the
pharmacognostic methods revealed the presence
of flavonoids, steroids, and alkaloids. Taking
into consideration of the medicinal importance
of this plant, the methanolic extract of C.
ciliaris was analyzed for the 1st time using gas
chromatography–mass spectrometry (GC–MS).
This work will help to identify the compounds
of therapeutic value. GC–MS is the best
technique to identify the bioactive constituents

of long-chain hydrocarbons, alcohols, acids, ester, alkaloids,
steroids, amino and nitro compound, etc.[1]
Oxidative damages are caused by reactive oxygen species
(ROS), and excess amounts of ROS are harmful to many
cellular components including membrane lipids. ROS cause
peroxidation of polyunsaturated fatty acids in the membranes.
[2]
However, ROS are inevitable byproducts from the essential
aerobic metabolisms, and they need to be maintained under
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sublethal levels for normal plant growth. Hence, plants are
equipped with an array of enzymatic and non-enzymatic
antioxidant molecules to alleviate cellular damage caused by
ROS.[3] Multiple antioxidant enzyme systems are involved in
the enzymatic scavenging of ROS. Superoxide dismutases
(SODs) react with the superoxide radical to produce H2O2.
Hydrogen peroxide is scavenged by catalases (CATs) and
peroxidases (POXs).

its average peak area to the total areas; software adopted to
handle mass spectra and chromatograms was a Turbo Mass.
The relative percentage of the each extract constituents was
expressed as percentage with peak area normalization.[11]

C. ciliaris (C4 grass) is gaining attention in various field of
research, as they are best suited to the present environmental
conditions. C4 grasses are more competitive under the
conditions of high temperature, solar radiation, and low
moisture.[4] This grass has excellent soil-binding capacity
which helps to conserve soil in desert areas[5] and is more
efficient at gathering carbon dioxide and utilizing nitrogen
from the atmosphere and recycled N in the soil.[6,7] However,
Cenchrus is most suitable and highly nutritive grasses for
desert environmental conditions.

The glass plates (20 cm × 20 cm) coated with silica gel “G”
(0.4–0.5 mm thick and 45 g/80 ml distilled water) were
dried at room temperature. The dried plates were activated at
100°C for 30 min in an oven and cooled at room temperature.
Methanolic extracts were separately applied 1 cm above the
edge of the plates along with standard reference compound
(stigmasterol).[12]

EXPERIMENTAL DESIGN
Identification of Bioactive Components
Identification of components by GC–MS analysis
Interpretation on mass spectrum of GC–MS was done
using the database of the National Institute of Standard and
Technology (NIST) having more than 62,000 patterns. The
mass spectrum of the unknown component was compared
with the spectrum of the known components stored in the
NIST library. The name, molecular weight, and structure of
the components of the test materials were ascertained.[8]
GC–MS analysis
GC–MS analysis of these extracts was carried out by
following the method of Hema et al.[9] The GC–MS analysis
of the extracts was performed using a GC–MS (Model; QP
2010 series, Shimadzu, Tokyo, Japan) equipped with a VF-5
ms fused silica capillary column of 60 m length, 0.25 mm
dia., and 0.25 mm film thickness. Injection Mode: Split, flow
control mode: Linear velocity, pressure: 173.3 kPa, linear
velocity: 28.9 cm/s, purge flow: 3.0 mL/min, and split ratio:
10.0. For GC–MS detection [GC-2010], an electron ionization
system with ionization energy of 70 eV was used. Helium gas
(99.99%) was used as a carrier gas at a constant flow rate - total
flow: 16.3 mL/min and column flow: 1.21 mL/min. Injector
and mass transfer line temperature were set at 200 and
240°C, respectively. The oven temperature was programmed
(column oven temp.: 100°C and injection temp.: 270°C)
from 70°C to 220°C at 10°C/min, held isothermal for 1 min
and finally raised to 300°C AT 10°C/min. 2 ml of respective
diluted samples was manually injected in the splitless mode,
with split ratio of 1:40 and with mass scan of 50–600 amu.
Total running time of GC–MS is 48 min.[10] The relative %
amount of each component was calculated by comparing

Separation of active compound from C. ciliaris
extracts suspension by preparative thin-layer
chromatography (PTLC)

Development of chromatogram
The development tank was saturated with suitable solvent
system hexane, acetone (8:2), benzene, ethyl acetate (85:15
or 3:1), chloroform, methanol, and water (10:10:3) for the
analysis of lipid present in plant extract, but hexane, acetone
(8:2) gave better separation.[13]
Spot visualization and identification by TLC and
infrared (IR) spectra
Few pieces of iodine crystals were kept in the tank and
covered with glass plate to saturate the tank with iodine
vapor. The plate was then kept in iodine vapor saturated tank
and left for few hours.[14] Melting point and IR spectra of
each of the isolated compound were taken and a comparison
of TLC color reaction was made, which was found to be in
accordance with those reported for authentic compounds.
For Antioxidant Activity
Field studies
For field studies, seeds of C. ciliaris were grown in 12”
earthenware pots. Pots were filled with 8 kg of a mixture of
garden soil and goat manure in the ratio of 3:1. Pots were
watered every day. After 2 weeks of sowing, thinning was
done and 3–4 plants of uniform size were selected in each
pot. Leaf samples were collected for biochemical analysis.
Laboratory studies
For laboratory studies, seeds of C. ciliaris were first
sterilized by treating them with 0.01% mercuric chloride
(HgCl2) solution for 5 min, these sterilized seeds were then
germinated in 9 cm Petri plates lined with double layer of
filter paper in distilled water. These Petri plates were kept
in bio-oxygen demand incubator at 28°C ± 2°C. A cool
fluorescent light of 34.1 µmol/m2/s PAR was given to the
seeds. A 5-day-old seedlings were analyzed for different
parameter.[7]
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Preparation of enzyme extract
All operations for preparing the enzyme extracts were
performed at 4°C. Plant materials (laboratory seedling and
field condition leaves) were homogenized using appropriate
buffer in pre-chilled pestle mortar and centrifuged at
10,000 rpm for 20 min. The supernatant collected was used
for all the enzyme assays and metabolites estimation.[7]
Estimation of antioxidant
The level of lipid peroxidation (LPO) was measured in terms
of malondialdehyde content a product of LPO described by
Heath and Packer.[15] The activity of CAT (CAT, EC.1.11.1.6),
POX (POX, EC.1.11.1.7), and polyphenol oxidase (PPO)
(PPO, EC.1.10.3.1) was assayed after the method of Chance
and Maehly[16] with the some modification. SOD (SOD,
EC.1.15.1.1) activity was estimated by the method of
Beauchamp and Fridovich.[17] The total phenolics in extracts
determined according to Folin–Ciocalteu procedure[18]
Arnon’s method[19] was used for calculation of carotenoids
content.

RESULTS AND DISCUSSION
Identification of Bioactive Components
TLC plate of C. ciliaris extracts was visualized under
ultraviolet lamp one of the spots gave characteristic
fluorescence and their Rf values were comparable to their
respective standard compound (stigmasterol – grayish-violet,
Rf value - 0.83) [Figure 1]. The characteristic color was also

developed when TLC plates were sprayed with anisaldehyde
reagent (stigmasterol – grayish-violet) corresponding to their
authentic standard compound. Melting point (stigmasterol
131–132°C) was also measured and compared with authentic
standard compound.[12]
GC–MS Analysis
The GC–MS studied showed that the retention time and peaks
of the isolated stigmasterol [Figure 2] were comparable with
that of standard. The active principles with their retention
time (34.342) and concentration (4% area) in the standard
and sample are presented. In the present study, stigmasterol
has been confirmed in C. setigerus of family Poaceae.[1,12,20,21]
Antioxidant Activity
In the present study, comparative estimation of antioxidant
properties (laboratory and field conditions) of C. ciliaris
in terms of POX, CAT, PPO, SOD, LPO activity and
carotenoids, and total phenolics contents was done. POX,
CAT, SOD activity and carotenoids, and total phenolics
contents were found to greater in field, then laboratory
conditions estimation, but LPO and PPO were show less
activity in field estimation [Table 1 and Graph 1].

DISCUSSION
Stigmasterol is used as the precursor of Vitamin D3[22] and
in the manufacture of synthetic progesterone, a valuable

Figure 1: Superimposed infrared spectra of stigmasterol (standard and isolated) compound in Cenchrus ciliaris

Figure 2: Mass spectrum of stigmasterol (RT: 34.342)
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Graph 1: Comparative study of antioxidants of Cenchrus ciliaris (in vitro [laboratory conditions] and [field conditions] in vivo).

Table 1: Antioxidants of C. ciliaris (in vitro, laboratory conditions and field conditions, in vivo)
C. ciliaris
(laboratory conditions)

C. ciliaris
(field conditions)

µmol H2O2/min/g F. wt.

0.663±0.043

0.864±0.047

CAT

Units/min/g F. wt.

1.25±0.047

1.45±0.041

PPO

min/g/F. wt.

2.47±0.035

2.15±0.035

SOD

µmol nitro blue toluene/s/g D. wt.

0.421±0.027

0.581±0.042

LPO

µmol MDA/g F. wt.

6.51±0.044

5.36±0.023

Carotenoids

mg/g F. wt.

0.147±0.042

0.197±0.008

Total phenolics

mg/g F. wt.

10.95±0.045

12.225±0.104

Antioxidants

Parameter

POX

C. ciliaris: Cenchrus ciliaris, POX: Peroxidase, CAT: Catalase, PPO: Polyphenol oxidase, SOD: Superoxide dismutase, LPO: Lipid
peroxidation, MDA: Malondialdehyde

human hormone that plays an important physiological role
in the regulatory and tissue building mechanisms related
to estrogen effects, as well as acting as an intermediate in
the biosynthesis of androgens, estrogens, and corticoids.[23]
Research has indicated that stigmasterol may be useful in
prevention of certain cancers including ovarian, prostate,
breast, and colon cancers. Studies with laboratory animals fed
with stigmasterol suggest a decrease of 23% in the cholesterol
absorption over a 6-week period.[20] It inhibits several
proinflammatory and matrix degradation mediators typically
involved in osteoarthritis-induced cartilage degradation.[24] It
also exhibits potent antioxidant, hypoglycemic, and thyroidinhibiting properties.[25]
As a part of the enzymatic component of antioxidant
system of plant response, antioxidant enzymes contribute
significantly to ROS detoxification. The coordinate function
of antioxidant enzymes such as SOD, POX, CAT, and GR
helps in processing of ROS and regeneration of redox
ascorbate and glutathione metabolites.[26] Abiotic stress
(water, salinity, heat, and heavy metal) induces generation
of active oxygen species[27] causing LPO and consequently
membrane injury, protein degradation, enzymes inactivation,
pigment bleaching, and disruption of DNA strands.[28,29]
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