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Abstract
Foxtail millet (Setaria italica L.) belongs

to poaceae and an important research model plant
to explore nutritional pathways. The present study
represents a comprehensive micronutrient report
of twenty landraces, four released cultivars, and
their genetic variability in micronutrient content.
FT-IR analysis recorded various absorption peaks
at different wavelenths coressponding to certain
chemical compounds and functional groups such
as carbohydrates, alkenes, proteins, sulfur
compounds, amines and lipids, etc, indicate that
all the studied genotypes endowed with
carbohydrates, proteins and lipids.  The ICP-OES
analysis revealed a wide range of variation in
micronutrient concentrations across the studied
genotypes i.e Iron (3.69 to 7.51mg/100g), Zinc
(4.54 to 5.71 mg/100g), Calcium (13.13 to 39.58
mg/100g), Potassium (219.43 to 349.47 mg/
100g), Copper (0.60 to1.09 mg/100g), Manganese
(1.05 to 1.64 mg/100g). The PCA and cluster
analaysis highlight a wide range of genetic
variability among the genotypes. Further,  these
genotypes were clustered into six variables based
on the micronutrient content. In overall
performance of landraces better than released
cultivars in terms of micronutrient content.
Landraces like S1G4, S1G2; and relesed varity
Narasimharaya recorded higher quatities of
micronutrient compared to other genotypes

studied. These genotypes would be useful to fish
out the genes responsible for higher micronutrient
occumulation and also as parental lines in
breeding progrmmes to develop enhanced
micronutrient genotypes.

Introduction
Plant-based foods contribute an array of

nutrients that are essential for the day-to-day
needs of human beings and they endorse good
health. Humans require at least twenty-two micro
and macro elements for their proper health, growth,
and development (50).  However, global estimates
suggest that, over 60% of the people suffering
from iron (Fe), 30% zinc (Zn), 30% iodine (I) and
15% selenium (Se) deficiencies. In addition to
them, calcium (Ca), manganese (Mn), and copper
(Cu) deficiencies are common in many of the
developed and developing countries (40).
Malnourishment is a global issue; especially
developing countries from Asia and Africa facing
severe micronutrient deficiencies in their dietary
food (19, 42).  The  health and  diet  are  co-
dependent; the physiological functions of the
human body are influenced by food components
(29). Even though the requirements of
micronutrients are minimal, they play a crucial
role in proper growth and development. The
deficiencies of micronutrients cause severe health
complications such as physical and mental

Variability in seed mineral composition of foxtail millet
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retardation, blindness, gastrointestinal health
complications, reduced immunity, etc. (9).
Newborn babies and pregnant women of India
severely affected by micronutrient deficiency and
most of the infants are born underweight. It is
estimated that nearly 7.4 million children remain
undernourished (19). Thus, functional foods are
gaining importance in the prevention and/or
treatment of diseases.

Among the plant-based foods, cereals alone
play a key role as a staple food and provide ~50%
of the dietary requirements of humans. Globally,
among the cereals rice alone provides 50-60% of
required calories to 2.7 billion people.  However,
the principle drawback of rice-based food products
are being low in iron, zinc, proteins, vitamins, and
other essential nutrients along with high water
requirements for its cultivation (18, 50). On
contrary small millets consists of diverse
micronutrients, rich in essential amino acids and
high water use efficient, grow in harsh
environmental conditions, resistant to abiotic and
biotic stress conditions. Hence, recently small
millets gaining more importance and they might
play a crucial role as functional foods.

The small millet, foxtail millet (Setaria italica
L.) is an important nutritious crop belongs to the
family Poaceae, known for its origin from China.
Due to its drought tolerance capacity, it is very
well grown in semi-arid regions such as South
Asia and Sub-Saharan Africa as nutritional food.
It is also cultivated in South Korea, North Korea,
Japan, Russia, Australia, France and the United
States as a forage crops, feed for birds and cattle
(12). Foxtail millet endowed with high amounts of
protein, vitamins, minerals, starch, and fat content
(39). It has twice the content of protein and fat as
compared to rice (35).  Nutrient analysis of core
collection of foxtail millet seeds revealed that it
had a wide range of nutrients such as calcium
(171.2–288.7 mg/kg), iron (58.2–68.0 mg/kg), zinc
(54.5–74.2 mg/kg) and protein (15.6–18.5%) (43).
However, due to the presence of anti-nutrients
made them less bioavailable (1, 2, 15, 23, 30).

Bio-fortification of millets is an emerging
approach to overcome the problem of anti-nutrients
and to add more nutritional content to the crop
plants. Conventional breeding, agronomical
practices, and biotechnological strategies are the
key approaches to improve the bio-fortification of
crop plants. Agronomical practices such as
supplementing the deficit soil with inorganic
fertilizers were successfully practiced in Finland
and Turkey for the high accumulation of Se and
Zn in the seeds (50).

Genetic variation for the trait of interest is a
prerequisite for plant breeding (13).  Foxtail millet
genotypes exhibited variation in seed protein, fat,
starch, and amino acids (51); Fe content (31);
vitamin E (25); cooking quality traits (38).
Thippeswamy et al (2017) screened 25 genotypes
and identified two genotypes namely GS78 and
GS71 as superior for grain micronutrients (Zn, Fe,
and Ca) and protein content (41). Four genotypes
of foxtail millet genotype 00002, 0011 (red colour
bran) and Slovenský, Friderica (yellow colour bran)
displayed varied amounts of nutritive components,
fatty acids, phenolic compounds and antioxidants
(28). A greater amount of variability was observed
in 78 elite genotypes for nutritional parameters
such as moisture, protein, fat, crude fibre,
carbohydrate, total minerals, total energy, and
micronutrients (Cu, Mn, Zn, and Fe) (7, 21).

Landraces are a heterogeneous population,
well adapted to local climatic conditions, and are
extremely nutritious. They also serve as genetic
material to breed high nutritional and stress
adapted genotypes (11). Maxican maize
landraces were successfully used to breed high-
quality protein maize lines and cultivars (32).
Similarly, Sorghum popular Indian landrace
Maldandi (M35-1) was used in the breeding
programme to develop several restorer lines
(ICSR#) and cultivars (ICSV#) (34). In pearl millets
West African drought tolerant landrace “Iniadi” was
used to develop several cultivars e.g.: ICTP 8203
(33). As many as 245 foxtail millet traditional
varieties from different regions of Shanxi, China
was evaluated for seed folic acid variability and
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found a wide variability ranging (0.37–2.37 mg/g)
of which 24 varieties with higher folic acid content
were identified, among them, Jingu 21, a major
leading cultivar, recorded folic acid content of 2
mg/g (36). Similarly, a panel of 92 foxtail millet
landraces preserved by Taiwan indigenous
peoples were assessed for seed amylase content
(AC) using a rapid viscosity analyzer (RVA). A
huge range of diversity (0.7% to 16.9%) in
physiochemical properties was observed among
the studied genotypes (52).

Thus, identification of elite genotypes for
micronutrient content is very important towards
the development of improved varieties through
classical as well as modern tools.  To identify the
elite nutritious genotypes in the present study,
twenty local landraces collected from various
locations of Andhra Pradesh and four released
cultivars were selected, nutrient content was
analysed using modern analytical tools such as
ICP-OES (Inductively coupled plasma atomic
emission spectroscopy) and FT-IR (Fourier
Transform Infrared Spectrophotometer) and data
were subjected to multivariate statistical analysis.

Materials and Methods
Plant material : The seeds of foxtail millet
landraces collected from the farmer fields of
Rayalaseema region, Andhra Pradesh, and twenty
pure lines were developed by single seed descent
method (SSD).   The details of their development
and molecular characterization were described
elsewhere (Ramesh et al., manuscript
Unpublished).  Twenty pure landraces along with
four released cultivars (Table.1) were surfaced
sterilized with 0.01% HgCl2 followed by rinsing
with distilled water.  Seeds were sowed in the
well-prepared seedbeds of natural field soil in a
completely random blocked design with three
replicates per sample. Each genotype was grown
in three rows in net house at Yogi Vemana
University, Kadapa, Andhra Pradesh under natural
environmental conditions (30±1ºC/37±1ºC and
relative humidity varied from 50-80%), by following
standard agriculture practices. Seeds were
harvested from panicles after maturation and

stored in a cool dry place until further use. The
seeds were de-husked and milled into flours by
using a clean and sterilized mortar and pestle.
The flours were kept at 55° C for 4-5 hours in a
hot-air-oven to remove the moisture content if any.
Dehydrated flours were subjected to nutrient
analysis for macro, micronutrients, and essential
biochemical groups.

Sample preparation and FTIR Analysis :
Dehydrated flour of all twenty-four genotypes was
used for the preparation of KBr (potassium
bromide) pellets to analyze functional groups of
flour. Ten mg of dehydrated seed flour was mixed
with 100mg of KBr and vigorously ground into a
fine powder with mortar and pestle. This mixture
was compressed into diaphanous pellet discs
using a hydraulic pressure pump. These
diaphanous pellets were subjected to Fourier
transformed infrared spectroscopy analysis using
Perkin Elmer Spectrum Two (Perkin Elmer Inc.,
USA). Chemical and functional groups of the
samples were obtained with 16 scans at a
resolution of 2cm-1with the wavenumber range from
400cm-1 to 4000 cm-1 at room temperature. The
spectrometer has an auto-correction system to
eliminate water vapor without purging with
nitrogen.

Sample preparation and ICP-OES analysis : Five
hundred mg of dehydrated flour of all twenty-four
genotypes in three replications was taken into a
clean acid prewashed polypropylene tube. The
samples were digested with 2 ml of HNO3 (65%V/
V) and 0.5 ml of H2O2 (30% H2O2) in a closed vessel
microwave digestion system and allowed the
vessel to stand overnight at room temperature (cold
digestion). The vessel is closed with a screw lid;
sample-acid mixture was heated for 30 min at
125ºC for digestion. The samples were allowed to
cool and make up to 10 ml with distilled water.
The mixture was subjected to orbital shaker for 1
min for proper mixing. Finally, samples were
filtered using Whatman No 1 filter paper. The
supernatant was subjected to ICP-OES (ICPOES
HD Prodigy –Lemans) for macro and micronutrient
analysis. The ICP-OES operating conditions as

Variability in seed mineral composition of foxtail millet
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followed:  RF power 1.1kw; coolant flow 18 L/min;
Auxiliary flow 0.0L/m; Nebulizer type Hildebrand
Nebulizer; Nebulizer pressure 34 psi; Sample
uptake rate 1.4 ml/min; Spray chamber cyclonic;
Torch: Dual view; Pure gas Nitrogen; Pure gas
flow- 0.7 L/min; Axial time-10 seconds; Radial
time- 5 sec and Wash time – 40 seconds.  All the
samples analyzed in triplicates. The data was
read by the inbuilt software of the instrument. The
elemental parameters of studied macro and
micronutrients of ICP-OES analysis are described
in Table 2.

Statistical analysis:  The ICP-OES data was
subjected to XLSTAT 2019.3.1.60379 software for

principal component analysis (PCA) followed by
the “R” program for multivariate hierarchical cluster
analysis. The data of mineral content of 24 Foxtail
millet genotypes are expressed as mean±
Standard deviation of at least three replicates. The
PCA analysis was used to determinate correlation
among seed residues from wild and released
cultivars of Foxtail millet. The analyzed data were
statistically subjected to analysis of variance
technique using STATISTIX 8.1 Software and the
significance was evaluated by least significance
test (LSD) at 5% probability level (Table 3).

Gurulakshmi  et al

S No Name of Foxtail Variety type           Origin
millet genotype

1 S1G1 Landrace Eipperu, Anantapur
2 S1G2 Landrace Eipperu, Anantapur
3 S1G4 Landrace Eipperu, Anantapur
4 S1G5 Landrace Eipperu, Anantapur
5 S1C1 Landrace Eipperu, Anantapur
6 S1C2 Landrace Rakatla,  Anantapur
7 S2G1 Landrace Korrapadu, Kadapa
8 S2G2 Landrace Korrapadu, Kadapa
9 S2C1 Landrace Korrapadu, Kadapa
10 S2C2 Landrace Korrapadu, Kadapa
11 S3G1 Landrace Dudyala, Kadapa
12 S3G2 Landrace Dudyala, Kadapa
13 S3G3 Landrace Dudyala, Kadapa
14 S3G4 Landrace Dudyala, Kadapa
15 S3G5 Landrace Dudyala, Kadapa
16 RED Landrace Punganur, Chittoor
17 BLACK Landrace Basavanapalli, Anantapur
18 Srilakshmi Released Cultivar RARS, Nandyal, AP, India
19 Prasad Released Cultivar RARS, Nandyal, AP, India
20 Krishnadevaraya Released Cultivar RARS, Nandyal, AP, India
21 Narasimharaya Released Cultivar RARS, Nandyal, AP, India
22 S4G4 Landrace Maddikera, Kurnool
23 S4C4-G Landrace Maddikera, Kurnool
24 S4C4 Landrace Maddikera, Kurnool

Table 1 : 20 Landraces and 4 released cultivars of Foxtail millet



Current Trends in Biotechnology and Pharmacy
Vol. 14 (3) 239-255, July 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.3.25

243

of amide II in the crude protein. The strong
absorption peak of the NH bond in the FTIR
spectrum indicates that genotype protein richness.
In the present study, the strong absorbance peak
of the NH group was observed at 1543.69 cm-1,
1543.09cm-1 in the genotypes S1G2, S4G4
respectively, which are considered to be as protein
rich genotypes compared to other genotypes. The
released cultivars Prasad and Narasimharaya have
absorption peaks at 1542.45 cm-1 and 1542 cm-1

respectively. The genotype S4C4-G has a
maximum absorbance at 1664.45 cm-1which is a
strong amide I bond and might contain very low
protein content. The IR spectral peaks in the region
1600cm-1- 1700cm-1 and 1550cm-1-1570cm-1indicates
the presence of crude fat. In the present study, all
the analyzed genotypes recorded peaks at
1645cm-1 and 1664.45cm-1. However, the genotype
S4C4-G and S4C4 did not record peaks in the
region 1550 cm-1 -1570 cm-1. The moisture content
of the flour can be determined by measuring OH
stretching and H bending vibrations at IR spectral
peaks from 1640 cm-1 to 3300 cm-1. All the genotypes
in the present study recorded strong peaks in the
prescribed spectral region. The IR spectral peaks
at 1648.28cm-1, 1658.84cm-1 indicates the
occurrence of carbonyl group and amines 1 bond,
IR peak at 2923.12 cm-1 specifies presence of C-H
compound (lipids). All the genotypes of present
study displayed peak at 2923.12cm-1 and 1648.28cm-

1 indicating the presence of lipids and aromatic
compounds in their flour. The presence of thin
bands at 2923.12cm-1 is associated with symmetric
stretching vibrational modes of the C-H bonds in
alkylic CH2 and CH3 groups, which are mainly
due to the presence of lipids in flour.

The ICP-OES data of twenty-four genotypes
seed flour indicates that there was a high
genotypic variation for Fe, Zn, Mn, Cu, Ca, and K
as showed in Table 3. Analysis of variance
indicates that foxtail millet genotypes displayed
non-significance variation (P< 0.05) for Fe content.
Most of the studied genotypes recorded high Fe
content, which is ranging from 3.69±0.38 to

Results
In the present study, twenty-four foxtail millet

genotypes were analyzed for their micro and
macronutrient analysis using FTIR and ICP-OES
analysis. FTIR analysis was recorded at 400cm-1

to 4000cm-1region to identify different functional
groups such as amino acids, carbohydrates,
alkenes, proteins, Sulphur compounds, amines,
and lipids present the flour.  IR spectrum data
was presented in Fig. 1.

The absorbance regions below 800 cm-1,
between 800 cm-1-1500 cm-1 (fingerprint region);
2800-3000 cm-1 (C-H stretch region) and 3000-3600
cm-1 (O-H stretch region) indicates the presence of
starch. All of the genotypes exhibited similar kinds
of peaks below 800cm-1, C-H stretch region, and O-
H stretch region. However, the genotypes S4C4-
G and S4C4 displayed very weak infrared peaks
at 1015.11 cm-1 and 1017.45cm-1 respectively, in
contrast to other genotypes. The IR peaks at 1022
cm-1 indicates the amorphous structure of flour and
the peak at 1041cm-1 sensitive to the crystalline
structure of flour. The genotype S1G4, S3G2,
S3G5 shows absorption peaks at 1020.73cm-1,
1021.88cm-1, 1023.09cm-1 respectively, and could be
highly amorphous. The genotype S2G1 displays
a peak at 1041cm-1, indicates the crystalline
structure of flour.

The absorption peaks at 1660cm-1and 1550cm-

1detects the two forms of proteins amide I and
amide II. The peak at 1660cm-1detects C=O of the
Amide I, the peak at 1550 cm-1   detects NH bending

Variability in seed mineral composition of foxtail millet

Element View Wave length

Potassium Radial 766.490
Calcium Radial 317.993
Iron Axial 259.940
Zinc Axial 213.856
Manganese Axial 257.610
Copper Axial 327.393

Table 2: Elemental parameters of ICPOES analy-
sis
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7.51±0.68 mg/100gm.  Especially, the genotype
S1G4 recorded high Fe content in its seed flour
and followed by the released cultivars
Krishnadevaraya, Prasad, and Narasimharaya.
The low concentration of Fe noticed in landrace
S2C2 (3.69±0.38 mg/100g). Almost all the studied
genotypes recorded a greater amount of Zn ranging
from 4.54± 0.34 to 5.71± 0.33 mg/100gm. The
maximum content of Zn (5.71± 0.33) found in the
landrace Black and followed by the genotypes
S2C1, RED, S2C2, and S2G2. The genotype

S1G1 contains a minute amount of Zn. However,
genotypes recorded non- significant variation in
Zn content (P< 0.05). The calcium content in
foxtail millet germplasm under study varied from
13.13±0.57 mg/100g to 39.58±0.83 mg/100g. The
genotypes displayed huge variation for Ca content
(P< 0.05). Highest concentration of Ca was
observed in the landrace S4C4 (39.58±0.83),
followed by S1G2 (32.91±0.64), S3G1
(31.03±0.45) and S1C1 (28.12±0.83mg/100g). The
low Ca content was observed in the landrace S4C4-

Gurulakshmi  et al

Fe Zn Ca K Mn CU

S1G1 4.92±0.34bcde 4.54±0.34a 23.72±0.29d 258.03±0.69ij 1.49±0.16abc 0.63±0.16de

S1G2 6.3±0.42abcd 5.33±0.42a 32.9173±0.64b 251.057±0.49l 1.38±0.16abc 0.64±0.30de

S1G4 7.51±0.68a 4.65±0.38a 21.09±0.72defgh 267.63±0.41h 1.49±0.20abc 1.02±0.13abc

S1G5 5.07±0.44bcde 5.16±0.50a 18.27±0.59hijk 219.433±0.32n 1.16±0.14bc 1.09±0.17a

S1C1 5.39±0.65abcde 5.2±0.56a 28.12±0.83c 250.48±0.61l 1.13±0.13c 0.92±0.27abcd

S1C2 5.63±0.60abcde 4.69±0.48a 20.83±0.43defgh 349.54±0.81a 1.59±0.20ab 1.05±0.21ab
S2G1 5.28±0.76abcde 5.4±0.37a 21.53±0.38defgh 238.75±0.54m 1.28±0.12abc 0.85±0.18abcde

S2G2 4.81±0.73cde 5.45±0.29a 18.52±0.51ghij 238.70±0.73m 1.38±0.24abc 0.73±0.07cde

S2C1 5.83±0.86abcde 5.67±0.35a 15.11±0.75jkl 257.41±0.42ijk 1.31±0.10abc 0.71±0.08de

S2C2 3.69±0.38e 5.59±0.40a 19.29±0.50ghi 255.16±0.83jkl 1.19±0.10bc 0.8±0.09abcde

S3G1 5.06±0.54bcde 4.64±0.24a 31.03±0.45bc 300.65±0.69f 1.47±0.19abc 0.67±0.07de

S3G2 5.08±0.45bcde 4.65±0.31a 18.05±0.46hijk 253.08±0.63kl 1.49±0.15abc 0.81±0.11abcde

S3G3 4.48±0.56cde 4.87±0.36a 18.27±0.48hijk 290.05±0.64g 1.31±0.17abc 0.6±0.10e

S3G4 5.54±0.06abcde 4.96±0.28a 22.87±0.69def 317.54±0.53cd 1.64±0.21a 0.77±0.09bcde

S3G5 4.16±0.21de 5.11±0.39a 15.79±0.56ijkl 313.51±0.32de 1.2±0.14abc 0.69±0.07de

Red 4.76±0.52cde 5.65±0.33a 14.79±0.49kl 271.4±0.57h 1.12±0.10c 0.83±0.11abcde

Black 4.45±0.66cde 5.71±0.33a 23.70±0.28d 261.08±0.60i 1.33±0.15abc 0.63±0.06de

S4G4 5.58±0.93abcde 5.56±0.25a 15.06±0.55jkl 316.98±0.53cd 1.38±0.21abc 0.79±0.10bcde

S4C4-G 3.87±0.27e 4.65±0.19a 13.13±0.57l 309±0.41e 1.05±0.16c 0.71±0.04de

S4C4 3.8±0.42e 4.66±0.26a 39.58±0.83a 317.58±0.35cd 1.08±0.13c 0.79±0.08bcde

Srilakshmi 3.99±0.31e 5.26±0.23a 19.95±0.49fgh 320.92±0.64c 1.33±0.12abc 0.74±0.05cde

Prasad 6.63±0.76abc 5.45±0.37a 20.011±0.39efgh 321.29±0.42c 1.12±0.10c 0.83±0.11abcde

Krishnadevaraya 7.15±0.72ab 5.04±0.35a 22.06±0.70defg 303.67±0.55f 1.15±0.14bc 0.69±0.07de

Narasimharaya 6.48±0.69abc 5.31±0.40a 23.25±0.79de 333.58±0.54b 1.09±0.19c 0.66±0.03de

Mean 5.23 5.13 21.55 284.07 1.30 0.78
LSD<0.05 1.929 1.103 11.263 48.331 0.422 0.282

CV 26.78 16.34 10.04 1.05 20.91 22.91

Table 3: Analysis of Variance (one way-Least significance test) showing the results of different macro and
micro nutrient concentrations (mean value and SD) of 24 genotypes of Foxtail millet (At 5% probability level)
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Fig 1: FTIR Spectra showing the functional groups of the organic and inorganic com-
pounds of 20 Landraces and 4 released cultivars
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Fig 3: Hierarchical cluster dendrogram showing clusters in 24 Foxtail millet genotypes under various
micro and macronutrient concentration

Fig 2: Scatter plot of variables and Biplot of 24 foxtail millet genotypes for first two Principal compo-
nents contributing 47.60 per cent to total variability
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G (13.13±0.57mg/100g). The grain Cu content of
genotypes ranged from 0.60±0.10 mg/100g to
1.09±0.17 mg/100g. However, genotypes
displayed non significance variation (P< 0.05) in
Cu content. The greater amount of Cu observed
in S1G5 (1.09±0.17 mg/100g), while the genotypes
S1C2 and S1G4 had the medium range 1.05±0.21,
1.02±0.13 mg/100g respectively. The lowest
concentration of Cu was recorded in the landrace
S3G3 (0.60±0.10 mg/100g). Genotypes exhibited
non-significance variation (P< 0.05) for
manganese.  The Mn concentration in genotypes
ranged from 1.05±0.16 to 1.64±0.14 mg/100g. The
genotype S3G4 has the highest Mn concentration,
followed by S1C2, S3G2, S1G1, and S1G4.  The
genotype S4C4-G recorded the lowest
concentration of Mn (1.05±0.16 mg/100g).  Foxtail
millet genotypes displayed a high significance of
variation for potassium content (P< 0.05). The K
content in foxtail millet germplasm was ranging
from 219.43±0.32 mg/100g to 349.47±0.81 mg/
100g.  The landrace S1C2 accumulated the
highest concentration (349.47±0.81), followed by
Narasimharaya, Prasad, Srilakshmi, and S4C4.
The genotype S1G5 accumulated a low
concentration of K among all studied genotypes.
Overall, the landraces S1C2, S3G4, S1G5 have
the highest concentration of K, Mn, and Cu
respectively.

Principal component analysis: The PCA
analysis was applied to the determinate correlation
of mean values of six micronutrients of the
genotypes. The principal component analysis
grouped the genotypes based on the variables of
Iron, Zinc, Calcium, Potassium, Copper, and
Manganese. PCA demonstrated that out of six;
the first two principle components elucidated
superiority of total variation. These two principal
components have eigenvalue >1 and contributed
47.601% percent of total variability and were
plotted to examine the relationships between
different clusters with PC1 on X-axis and PC II on
Y-axis (Fig. 2). Out of six PC’s, PC I and PC II
have eigenvalues of 1.557, and 1.299 respectively.
PC III had the eigenvalue 0.964 and PC IV had

the eigen value of 0.907 (Table 4). The PC I
contributed maximum regards variability
(25.953%) followed by PC II (21.648%), PC III
(16.074%) and PC IV (15.112%). The first four
components contributed for 78.78% the variability
of all the data and the remaining two components
contributed 21.22% of variability among the 24
genotypes for micronutrient and macronutrient
concentration. In the present study, the PC I had
the highest positive loading for Zinc (0.803) and
higher negative loading for Manganese (-0.617),
Calcium (-0.480). In PC II, Copper (0.745), Iron
(0.569) has positive loadings and Potassium
having a negative loading (-0.419). PC III attributed
to Potassium (0.764), Iron (0.228), and Calcium
(-0.559) with positive and negative loadings
respectively. The PC IV consists of variables
regards to Iron (0.622), Calcium (0.502) and Zinc
(0.285) with positive loadings and Manganese (-
0.414) negative loadings (Table 4).

The score values of each principal
component for 24 foxtail millet genotypes were
represented in Table 5. Based on the factor scores,
the PC1 component explains that Zn
concentrations are higher in RED followed by
S2C2, S2C1, BLACK, and S2G2 and lower in
S1C2, S1G4, S3G1, S3G4, S1G1, and S4C4. The
PC II reveals that Cu, Fe, Mn and Zinc
concentrations are higher in S1G4, S1G5, S1C2,
S2G1, and S2C1 and lower in S4C4, S4C4-G,
S3G1, and S3G3. The PC III loadings elucidated
that concentrations of K, Fe, Zn and Cu are higher
in Prasad, S4G4, S1C2, Narasimharaya, and
S4C4-G, lower in S1G2, S4C4, S2G1 and S1C1.
The PC IV loadings represent Fe, Ca, Zn and K
concentrations are higher in Narasimharaya,
Krishnadevaraya, S1G2, Prasad, S1C1 and S4C4-
G, lower in S3G2, S4C4-G and S1G1.

In the present investigation, the principal
component score plot of PC I and PC II
differentiated the genotypes into four quadrants
depending on the concentrations of six trace
metals. Out of four quadrants based on the
compositions of macro and micronutrients,

Variability in seed mineral composition of foxtail millet
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genotypes were scattered into three quadrants in
PC analysis. The genotypes on the top right
quadrant represent Zinc concentration. The
genotypes that were scattered in the top left
quadrant were associated to Mn, Fe, Cu
concentrations. The genotypes on the left bottom
quadrant were corresponding to their Ca and K
concentrations. However, the genotypes in the right
bottom quadrant did not exhibit any associations
in the measured traits.

Hierarchical cluster analysis: Further, to identify
the genetic variability more accurately in the
genotypes, the hierarchical cluster analysis was
performed based on the concentrations of their
macro and micronutrients by using R Program
software package. The analysis in the form of
dendrogram revealed that the investigated
genotypes were separated with a euclidean
distance ranging from 0 to 6; which indicates a
high genetic variation between the genotypes. The
dendrogram classified the genotypes into four
main clusters as shown in Fig. 3. The first main
cluster (I) consists of only two genotypes i.e.,
S1G4, and S1C2. This cluster was characterized
by genotypes with high Fe and K contents,
moderate levels of Mn, Cu and Zn and lowest
concentration of Calcium. Cluster II consists of
genotypes S3G4, S3G1, S3G2, S1G1, and S1G2
with the moderate levels of all macro and
micronutrients. However, the genotype S3G2
recorded lowest concentration of Ca, K and S3G4
has the highest Manganese content compared to
other genotypes of Cluster II. Cluster III consists
of eight genotypes namely, S1C1, S1G5, S4G4,
S2C2, RED, BLACK, S2C1, S2G1, and S2G2.
This cluster consists of genotypes with high levels
of Fe, Zn, Cu, K, and Mn. The lowest calcium
content genotypes were also identified in this
group. The genotype S2C2 consists of a low level
of Fe concentrations. The fourth cluster consists
of eight genotypes namely PRASAD,
KRISHNADEVARAYA, NARASIMHARAYA,
S4C4, S4C4-G, S3G3, S3G5, and SRILAKSHMI.
The three genotypes PRASAD, KRISHNA
DEVARAYA, and NARASIMHARAYA were mainly

separated from this cluster due to high levels of
Fe, Zn, K, Mn and lowest contents of Ca and Cu.
The genotype S4C4 was separated from this
cluster due to highest concentration of Ca.

Discussion
Recently, millets are gaining importance

due to their survivability under extreme
environments, low glycemic index, gluten-free rich
protein, and affluence in minerals, vitamins, and
antioxidants (24). The seed mineral composition
depends on the nature of the genotype, uptake,
and acquisition, allocation capacity of minerals
into seeds. Due to their cost effectiveness, the
research community more focused on the
enrichment of mineral nutrients in the millets
through genetic improvement programs.
Understanding the natural genetic variants for
mineral nutrition and identification of genotypes
with greater mineral content is an important step
in this direction and landraces might serve as
great primary resources. Until recently, the
scientific community reluctant to use exotic
germplasm due to the fear of loss of co-adapted
gene complexes, linkage drag, and lengthened
pre-breeding time (11). However, recent research
community started focusing ion exotic germplasm
for improvement of abiotic stress resistance, and
improved nutritional capacity due to the advantage
of improved plant phenotyping facilities, genomics
resources and discovery, exploration of allelic
diversity (11).

FTIR technique in combination with
multivariate statistical analysis; has been
successfully applied for chemical mapping of
minerals in several agriculture products (17, 49).
In a previous study, Fourier transform near infrared
spectroscopy (FT-NIRS) was used to evaluating
259 foxtail millet genotypes of China, based on
the analysis of Protein, Fat, Starch and Amino
acids (51). Similarly, in the present study, FTIR
analysis revealed the presence of organic and
inorganic components in foxtail millet genotypes.
The IR spectra as depicted in Fig.1, displayed
the presence of biochemical constituents such
as amino acids, carbohydrates, alkenes, proteins,

Gurulakshmi  et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (3) 239-255, July 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.3.25

249

Variability in seed mineral composition of foxtail millet

Sulphur compounds, amines, and lipids in all of
the genotypes. The absorption spectra 800-1500cm-

1 is a highly overlapping region, which displays
various peaks with complex spectra, and
identification of specific peaks is very difficult (46).
The location and glycosidic linkage bands also
affect the presence of peaks in the fingerprint
region. The infrared spectra of polysaccharides
(amylose, amylopectin, cellulose, and starch)
which are present in the fingerprint region are
majorly evaluated, from the vibrational bands of
monomeric unit glucose (8, 47, 47). The infrared
bands 1022 cm-1 and 1041 cm-1 are attributed to
amorphous structure and crystalline structure
respectively, as reported previously in flours of raw
foxtail millet and rice (48) (20). The genotypes
S1G4, S3G2 and S3G5 displayed amorphous
starch structure, which might contain more
amylopectin, whereas genotype S2G1 displayed
the characteristic features of crystalline starch.
The IR peaks at 1022cm-1and 1048cm-1are
associated to the C-O bond stretching of the C-
O-C group in the anhydrous glucose ring (45).
The IR region between1640-3300cm-1 indicates the
moisture content; the presence of strong peaks
in that region indicates the presence of moisture
in flour (27).  Moisture content can be detected
by its OH stretching and H bending vibrations (10).
However, it is very difficult to quantify moisture
content based on IR spectral peaks as the other
OH group- containing compounds such as
alcohols, phenols, hydro -peroxides also interfere
spectral bonding of H and OH groups (10). We
did not observe any genotypic variation for moisture
content in the present investigation. A strong
absorption peak of the NH bond in the FTIR
spectrum indicates the protein richness of the
sample (3). We have observed a high genetic
variation for the NH group among the studied
genotypes. The presence of a strong absorbance
peak of the NH group in S1G2, S4G4, Prasad
and Narasimharaya signifies their protein richness
in the flour. The presence of amide II spectral bond
at 1550 cm-1 in the landraces S1G2 and S4G4
mostly from the NH bending secondarily from the
CN stretch effect indicates these landraces are

rich in protein (3).  The released cultivars Prasad
and Narasimharaya have been considered as
second-ranking genotypes with regards to protein
content having an absorption peak at 1542.45 cm-

1 and 1542 cm-1 respectively.  The landrace S4C4-
G, considered as low protein rich genotype having
a very weak NH bond in its spectrum of flour. These
results are in agreement with the wheat genotypes
(3).  FTIR spectroscopy has been widely used as
a quality control method to detect fat and moisture
in high-fat products (44). The absorption spectra
in the range of 1600 cm-1 to 1700 cm-1 and 1550 cm-1

to 1570 cm-1 indicate the presence of fat.  In the
present investigation, we have not observed
genotypic variation for fat content among the
studied genotypes. The IR peak 1648.28cm-1,
1658.84cm-1and 2923.12 cm-1indicates the presence
of carbonyl group, amines 1 bond, and C-H
compound (regards lipids) respectively. All the
investigated genotypes exhibited similar kinds of
peaks for carbonyl groups, amines 1 and lipids.
These results are in agreement with the data
obtained for finger millet flour and pearl millet flour
(14).

Principle component analysis is one of the
important statistical techniques, which can
summarize the data from complex data sets (6).
The PCA of six characteristics such as Fe, Zn,
Ca, K, Mn, and Cu considered for the total
variability. The eigenvalue of PCA, which is greater
than 1, recognized as significant, and the PCA
were greater than ±0.3 identified as meaningful
(16). In the present investigation, PCA delivered a
high variability among the studied foxtail millet
genotypes in the range of 78.78%, which indicates
a considerable level of genotypic variation among
the genotypes for mineral content.  PCA can
analyze the genotypes through verification of
studied variables such as Fe, Zn, Ca, K, Mn and
Cu as explained by the first two principal
components. The first principal component
occupies most of the variation in the analysis as
possible. The second principal component
displays much longer variation and mostly
incorporeal to the PC I. By analyzing PC I and
PC II, one can explain the correlation between
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variables (macro and micronutrients), factor
loadings, factor scores, interpretation of
genotypes in the scattered plot, similarities and
differences (CAMO SOFTWARE AS, 1998). In the
present investigation, high loadings and high
factor scores are obtained for some variables and
low loadings and low factor scores are obtained
for other variables (Table 4). The high loading
present in particular variables involved a greater
contribution to the variation among studied
genotypes. The distance between the positions
of any two genotypes on the score plot is directly
proportional to the degree of similarity or difference
between them. Therefore, the genotypes are
scattered to very close proximity having similar
variation, genotypes near the origin having
distinctive variation and far from the central axis
of score plot having an extreme variation. The
extreme genotypes are useful for breeding
programs due to differentiation in their biochemical
concentrations compared to other genotypes. The
genetic diversity of studied foxtail millet genotypes
were categorized based on the mineral
concentration as followed; the landraces RED and
S2C2 for Zn, landraces S1G4 and S1G5 for Cu,

Fe, and Mn, released cultivar Prasad and landrace
S4G4 for K, released cultivars Narasimharaya,
Krishnadevaraya, and S1G2 for high calcium.

Cluster analysis is a diagrammatic
representation and reliable visual method to
analyze the complex union of multiple traits and
differentiation in the genotypes at various mineral
nutrition concentrations. ICP-OES coupled with
multivariate statistical analysis was used in
several crop species for seed mineral content.
Shergo et al., (2013) conducted a genetic diversity
study for characterization of mineral, total starch,
total sugar and protein contents using multivariate
statistical analysis for the selection of parents for
hybridization (37).   Multivariate analysis was
employed to study the genetic divergence among
pearl millet germplasm based on their agro
morphological traits and grain nutritional values
(5). The genetic diversity studies were also carried
out in indigenous germplasm lines of finger millet
for their mineral nutrients using multivariate
analysis (4).  Cluster analysis measures the data
based on the genetic distance among the
landraces and released cultivars (26).  Previously,
a similar study was conducted for micro and

Factor loadings F1 F2 F3 F4

Fe -0.344 0.569 0.228 0.622
Zn 0.803 0.168 0.066 0.285
Ca -0.480 -0.369 -0.559 0.502
K -0.403 -0.419 0.764 0.101
Mn -0.617 0.284 -0.105 -0.414
Cu -0.146 0.745 0.004 -0.076
Eigen value 1.557 1.299 0.964 0.907
Variability (%) 25.95 21.64 16.07 15.11
Cumulative (%) 25.95 47.60 63.67 78.78

Table 4: Principal component analysis of six mineral elements in foxtail millet genotypes showing
factor loadings, Eigen values and their percentage contribution to the total variation.
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Factor scores F1 F2 F3 F4

S1G1 -1.249 -0.668 -1.081 -0.954

S1G2 -0.486 -0.244 -1.574 1.601

S1G4 -2.039 2.613 -0.004 0.345

S1G5 1.012 2.164 -1.057 -0.395

S1C1 0.323 0.563 -1.200 0.970

S1C2 -2.521 1.175 1.350 -0.880

S2G1 0.846 0.922 -0.929 0.109

S2G2 1.045 0.422 -0.817 -0.611

S2C1 1.419 0.818 0.235 0.178

S2C2 1.908 -0.203 -0.624 -0.626

S3G1 -1.951 -1.252 -0.761 -0.001

S3G2 -0.869 0.717 -0.599 -1.388

S3G3 0.047 -1.217 0.211 -0.861

S3G4 -1.778 0.152 0.437 -0.606

S3G5 0.708 -1.100 1.004 -0.801

RED 2.028 0.461 0.453 -0.085

BLACK 1.297 -0.710 -0.811 0.078

S4G4 0.471 0.530 1.438 -0.128

S4C4-G 0.620 -1.364 1.122 -1.227

S4C4 -1.215 -2.471 -1.212 0.952

Srilakshmi 0.244 -1.008 0.683 -0.781

Prasad 0.391 0.502 1.458 1.558

Krikrishnadevaraya -0.374 0.030 0.897 1.697

Narasimharaya 0.123 -0.831 1.383 1.858

Table 5: The scores of the four rotated principal components.
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macronutrient analysis using a multivariate
statistical analysis of 60 pearl millet genotypes
(22).  In the present investigation through PCA
and dendrogram of clusters, it was identified that
genotypes included in this study displayed high
genetic variability for seed mineral content and
might serve as valuable sources for the foxtail
millet improvement programs. As the studied
genotypes dispersed into different clusters, they
might belong to highly heterotrophic groups for
breeding programs. Therefore, the present study
genetic diversity analysis of foxtail millet
genotypes would be crucial for foxtail millet
breeders to identify genotypes to enhance their
nutritional importance.
Conclusion

The present study represents a
comprehensive comparison of the foxtail millet
landraces and released cultivars for their
micronutrient content through ICP-OES and FTIR
coupled with multivariate statistical analysis. The
data generated in this study would be not only
helpful for the identification of elite genotypes
regarding seed mineral content, but also to tap
the alleles responsible for high mineral content in
foxtail millet. Our findings highlighted the
importance of landraces that are being
underutilized earlier in the breeding programs.
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Abstract
Salmonella  enteritidis is a most important

pathogenic bacterium of avian and mammals.
Salmonella Enteritidis is the main cause of
Salmonellosis in poultry flocks. S. enteritidis
majorly infects the chicks, eggs and vertically
transmitted to their off springs. The majority of
the food infections to the humans are caused by
salmonella by eating chicken meat and eggs.
Monitoring of poultry farms with the bacteriological
methods were time consuming and labour
intensive process. The present study was
development an in-house indirect enzyme linked
immunesorbent assay (iELISA) for the detection
of antibodies against Salmonella enteritidis in
chicken serum samples. For detection of
antibodies, Salmonella enteritidis LPS was used
as antigen and rabbit anti chicken IgG HRP was
used as the secondary antibody to detect
antibodies against Salmonella enteritidis. The
developed in-house ELISA was compared with the
Rapid plate agglutination test. The purified LPS
antigen 200ng/well, test sample serum at a
dilution of 1:100 and rabbit anti chicken IgG HRP
1:10000 were used as optimal concentration of
the assay and OD was measured at 450nm. A
total of 1020 chicken serum samples were
collected and performed the assay along with
known Positive and negative controls. Out of these

samples 592 and 566 samples were seropositive
with iELISA and RPA respectively. Out of 1020
samples 58% samples shown positive immune
response with iELISA and 55.6% samples were
shown positive immune response to Rapid plate
agglutination assay. The major prevalence of SE
antibodies against SE antigen were shown in 20-
25 weeks birds was 65.5%.The findings suggested
that an in-house indirect ELISA based on
S.enteritidis LPS can be a useful as a rapid and
sensitive assay for the detection of antibodies  to
S.enteritidis and can be best assay for regular
monitoring of Salmonella Enteritidis infection in
flocks.
Key words: Antibody, antigen, LPS, RPA, HRP
conjugate, ELISA

Abbreviations: SE-Salmonella enteritidis, LPS-
Lipopolysaccharide, RPA-Rapid Plate agglutina-
tion ELISA – Enzyme linked immunosorbent
assay; SDS-PAGE – Sodium dodecylesulphate
– Polyacrylamide Gel Electrophoresis; HRP –
Horse radish peroxidase; IgG – Immunoglobulin
G; PBS – Phosphate buffered saline; TMB – 3,32
,5,52 -Tetramethyl benzidine;  nm – nanometer;

Introduction
Salmonella enteritidis is one of the important

pathogen of many mammals and birds, it  cause
Salmonellosis.It is one of the dominant salmonella
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sero type and it is consided for its economical
impact all over the world including India, it is also
the major food borne pathogen associated with
poultry meat and eggs. In recent years the
majority of food borne pathogen outbreaks caused
by the contamination of chicken meat and with
contaminated eggs has increased.Salmonella
enteritidis is a gram negative, flagellated, rod
shaped, facultative aerobic bacterium.The
contaminated environment  with Salmonella
serovars are  main source of infection, by the
reason of this Salmonella can remain in the
environment for a long period of time, hereafterthe
Salmonella have being transmitted to suitable
hosts, where it can shed in their faeces for long
time.(1) Poultry farms may carry few Salmonella
serovars without showing any clinical symptoms
of disease and without causing any harmful effects
to chickens (2). To combat salmonella infections
in flocks poultry sectorfacing most difficult
problems and not only worried for poultry industry
as well as concerned for public health hazard(3)
because it causes problems in food safety.To
overcome these problems in poultry there is a
need for suitable assays to use as a screening
test to detect S.enteritidis infection in poultry
flocks based on clinical symptoms. Routine
bacteriological procedures for the isolation and
identification of S.enteritidis were laborious and
time consuming method.Molecular methods such
as PCR, ribotyping or restriction endonuclease
analysis which have the epidemiological
importance but these methods were more
expensive to test each bird The diagnosis of
infection traditionally has been done by
serologically. Several serological assays have
been used to detect SE antibodies they are the
most reliable for flock screening rather than for
testing individual birds.The most widely used
serological assays are the serum agglutination
test, ELISA, tube and micro agglutination tests.In
the Serum plate agglutination test serum or whole
blood samples from individual birds were tested.
But the assay method is crude, inaccurate and
insensitive (4).coming to the immunological
assays Enzyme-linked immunosorbent assay

(ELISA) methods were emerged as best tools for
diagnosis the disease and monitoring the immune
status of the poultry flocks and ELISA assays
were developed for the detection of salmonella
antibodies (5). Most ELISAs currently in use for
the detection of  S.enteritidis  infected flocks
identify antibodies to either crude surface-
extracted antigens or flagellar antigens.
Lipopolysaccharide (LPS) is the major antigenic
and immunogenic structure on the surface of
S.enteritidis, it consist three components: lipid
A, inner core and O-side chain oligosaccharides.
Lipid A is the endotoxic principle of LPS and
activates macrophages. Several factors released
from the macrophages exert biological effects
associated with fever and shock (6).

The main objective of this study was to
develop an indirect enzyme-linked immunosorbent
assay (iELISA) for the detection of S.enteritidis-
specific antibodies in chicken sera samples.
S.enteritidis LPS has been used as an antigen
for the detection of S.enteritidis in chicken flocks.

Materials and Methods
Bacterial strain and growth conditions :
Salmonella enterica subsp enteric serovar
Enteritidis  (ATCC 13076TM) was obtained from
American Type Culture Collection (ATCC). It was
maintained as pure culture as recommended by
ATCC and was revived periodically by successive
transfers on same medium. The culture was
grown on nutrient agar for 24 hrs at 37oC.The
culture was harvested in 5% phenol and it was
centrifuged at 5000 rpm for 10 min. The weight of
the harvested bacterial cell pellet was measured
and further used for the extraction LPS. The entire
procedure was carried out in a Class II bio-safety
cabinet.

Extraction of LPS : Extraction of LPS was done
by hot phenol water method without any
modifications (7). 12 g (wet weight) of cells was
suspended in 105 ml distilled water pre-warmed
to 65-70°C. Equal volume of 90% aqueous phenol
prewarmed to 65-70°C was added to the cell
suspension. The mixture was stirred vigorously
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at 65-70°C for 15 min. The mixture was chilled on
ice for 15 min. Mixture was centrifuged at 8000
rpm (Remi cooling centrifuge C-24 BL) at 4°C for
15 min for separation of aqueous and phenol
phase. The LPS was collected from the aqueous
phage in a fresh tube. Then carefully collected
aqueous phase was dialyzed against distilled
water in dialysis membrane of MWCO (Molecular
weight cut off) 3.5 kd till absorbance at 260 nm of
water outside dialysis membrane became zero.
The aqueous phase was centrifuged at 8000 rpm
for 15 min to remove insoluble impurities. The LPS
precipitation was done by Ethanol precipitation in
which sodium acetate was added to LPS at final
concentration of 0.15 M. Tube was placed on ice
and four volumes of chilled 96% (v/v) ethanol was
added and kept at -20°C for 24 hours (8).
Precipitates of LPS were collected by
centrifugation at 5500 g. 10 mg LPS pellet was
reconstituted in 2 ml phosphate buffered saline
and stored at 4°C.

SDS-PAGE and silver staining : 10 microliter of
LPS preparations were mixed with 10 ìlLaemmli
sample buffer (62.5 mMTris-HCl with pH-6.8, 25%
glycerol, 2% SDS, 0.01% bromophenol blue and
5% â mercaptoethanol) and heated at 90°C for 5
min. Samples were loaded in gel consisting of
12% resolving gel and 5% stacking gel. The SS-
PAGE gel Electrophoresis was done by using
(BIORAD’s Mini Protean Tetra Cell apparatus).
LPS was visualized by standard silver staining
procedure (9).

Development of an immunoassay to measure
immune response against S.enteritidis

Sample collection:  This study was conducted
with approval from the Institutional animal ethics
committee    of the Genomix Private Ltd. A total
1020 serum samples were randomly collected
from 9 (MSB Farms, Gold chick hatcheries,
Srinivasa hatcheries, GSV poultry Bindhu poultry
farm VR poultry, Sneha farms, Gagana farms and
Abhudaya hatcheries)different chicken flocks in
and around Hyderabad, Telangana State of India

in between June and July 2019 with no prior history
of vaccination. . Three milliliter of blood was drawn
from each bird randomly and all collected samples
were subjected to centrifugation at 3000 rpm for 5
minutes. The clear sera were harvested using the
pasteur pipette decantation method. The serum
samples were then stored at 4oC and further used
for the serological investigation in the present
study. The reference sera used in this study for
optimization of assay and field sample analysis
were provided by Department of Veterinary Public
Health and Epidemiology, P.V.N.R Telangana
Veterinary University, Hyderabad.

Assay development and test procedure : The
reagents used for ELISA were commercially
procured to develop iELISA. The rabbit anti chicken
HRP conjugate (Sigma Aldrich, USA), tetramethy
lbenzidine/H2O2 (Abcam, USA) and 96 well ELISA
plates (Nunc polysorpthermo fishers) were used.
Positive serum sample from PCR confirmed cases
of S.enteritidis were obtained by Department of
Veterinary Public Health and Epidemiology,
P.V.N.R Telangana Veterinary University,
Hyderabad. The optimal working condition for
dilutions of the coating Antigen LPS-SE, blocking
solution, Serum samples, HRP conjugate were
found out by checker board titration for their usage
in developing ELISA. Briefly, the antigen
concentrations optimized by assaying  0.5ìg/ml
to 16 ìg/ml concentrations and antibody dilutions
tested at 1:25, 1:100, 1:200, 1:400, 1:800, 1:1600
and secondary antibody that is rabbit anti chicken
IgG HRP antibody tested at 1:5000, 1:10,000,
1:20,000.The known positive (PCR confirmed) and
negative (SPF Sera) controls used for
standardizing the assay and in order to get the
high differential ratio between positive and negative
sera. The validation of the In-house iELISA was
carried out by 156 reference serum samples
provided by P.V.N.R Telangana Veterinary
University. After validation, in-house iELISA were
tested with field sera samples along with other
laboratory serological assay(SE RPA
test).Preparation of ELISA micro titer plates are
done as follows the nunc poly sorp micro titter
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plates are coated with the LPS-SE antigen at
concentration of 2ug/ml with coating buffer (0.2M
sodium carbonate and bicarbonate) pH 9.2 and
they were incubated at 4oC overnight. The plates
were then washed thrice with PBS-Tween 20. The
remaining protein sites were blocked by adding
300ì l  of 3% (Amul) skimmed milk powder
prepared with 1X phosphate buffered saline,
respectively to all wells of the plate and incubated
at 37oC for 1 hr. The plates were then washed
thrice with wash buffer. The test sera and control
sera was diluted to 1:100 and they were added to
the wells. The plates were then incubated at 37oC
for 1 hr. The plates were washed thrice and then,
the100 microliter of rabbit anti chicken
immunoglobulin IgG in HRP (1:10000 diluted in
1XPBS) was added to each well and incubated
for 1hr at 37oC. The plates were washed thrice
and they were treated with 100 ìl of TMB/H2O2 for
15 min. Finally, the reaction was stopped by
adding 100 ìl of stop solution (0.5M H2SO4). The
OD readings were taken with an Elisa micro titter
plate reader instrument (Robonik, India) at 450
nm. The values obtained by the assay were used
to calculate by the percent positivity (PP) value.

Percent positivity value (PPV=True
Positive / (True Positive+ False Negative) X 100).

The SE RPA (Salmonella enteritidis Rapid
Plate Agglutination) Test : The SE RPA test is
carried out by using Biovac SE-RPA (Biovac
SERPA TESTS AS2 Biovac animal health care)
assay is a colored inactivated suspension of
Salmonella Enteritidis antigen that are used for
the detection of antibodies against S.Enteritidis
in chickens by making a visible agglutination
reaction.

Procedure : In the biovac rapid plate agglutination
test, a drop of test sample was placed on a clean
glass plate and a drop of biovacS.enteritidis
antigen from was taken with dropper and
deposited on plate, then the glass plate was gently
rocked and rotated 30 to 40 seconds to ease the
agglutination process. Read the results within 50
sec. Positive reaction was noted by the formation
of clumps and negative reaction by without any
clumps or clear solution.

Results
The LPS  extracted  from the  S.enteritidis

was run by SDS-PAGE, the gels were stained by
Silver nitrate LPS was visualized and
characterized upon staining the gel by silver
staining method. SDS-PAGE followed by silver
staining of LPS showed that molecular weight the
LPS of S.enteritidis was ranging from ~14 kD to
25 kD. The Concentration of the Extracted S.E
LPS was 2.07 mg/ml (Fig. 1).In house iELISA and
RPA were compared with 156 reference serum
samples. Cut off valuewas selected according to
differentiate ratio between positive and negative
values based on PP values.The sensitivity,
specificity and accuracy of indirect ELISA using
SE Antigen are sensitivity is 94.4%, specificity is
96.6% and accuracy is 93.5%.The Indirect ELISA
assay for field samples were performed with a
total number of 1020 serum samples from 9
individual commercial flocks and with a set of
known reference samples, along with iELISA and
another laboratory rapid plate agglutination assay
also performed for all the collected serum
samples. Among these, 592 (58.03%) serum
samples are positive by iELISA and 566 (55.4%)
serum samples were positive by Rapid plate

Navaneetha et al

Fig. 1. SDS-Page/silver staining of LPS from
Slamonella enteritidis, Lane M : Bio-Rad preci-
sion plus protein standard, 1-LPS from Slamonella
enteritidis.
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agglutination test respectively. The Percentage
positivity of the SE antibodies in commercial flocks
are MSB Farms (57.1%) and 55.3%, Gold chick
hatcheries was 55% and 53.3%, Srinivasa
Hatcheries was 57% and 53.5, GSV poultry was
47% and 45%, Bindhu poultry farm was 64% and
60.4%, VR poultry was 78% and 74%, Sneha
farms pvt, ltd was 44% and 42%, Gagana farms
was 68% and 67%, Abhyudaya hatcheries was
39% and 36.2 % and the positive % of reference
sera was 100% and 98% (Fig.2). In this study the
age of the chickens used was in between 20 to
35 weeks and according to the age of the birds
the serological response of the SE antibodies
against SE pathogen 20-25 weeks was given
65.5%, 26-30 weeks were given 47% and 31-35
weeks were given 47.2%  immune response (Table
1). Among the birds of all age groups, young birds
are given higher serological response to the
Salmonella enteritidis antigen.

Discussion
The objective of the present study was to

gauge the development of an indirect ELISA for
the detection of IgG antibody against Salmonella
enteritidis in poultry flocks. To  develop this assay
Salmonella enteritidis LPS (Lipopoly sacharide)
used as antigen in ELISA were assessed together
with serum plate agglutination test. For this study
a total 1020 number of chicken serum samples
were collected from birds of different age groups
of 9 commercial poultry farms and performed
iELISA and RPA test. In this study, we isolated
LPS (Lipopolysacharide) from Salmonella
Enteritidis purified cells by hot phenol-water
extraction method. The LPS was obtained in upper
aqueous phase and it was subjected precipitate
the LPS by ethanol. Thereafter LPS was dialyzed
and the isolated LPS concentration was determine
it was 2.07 mg/ml. The LPS had given a band in
between 14 to 25 kD on SDS PAGE. The SDS-

Development of iELISA for detection of Salmonella enteritidis

Fig. 2: Graph showing the sero positivity of chicken samples
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PAGE showed low molecular weight LPS was the
characteristic for the repeated some sugar units
as reported earlier by others (10,11).The iELISA
With SE purified LPS was developed, to know
the seroprevalance of Salmonella enteritidis in
chickens and this showed that iELISA was  robust
tool for its mass screening and has many
advantages than the other diagnostic methods.
Similar reports have been showed by cooper (12)
who detects the immune status of the SE
antibodies in three flocks which gave high titer
value than the other tests (12). In this study more
than 1,000 sera were sampled among these
chicken serum samples 592 (58.03%) and 566
(55.4%) were found to be seropositive for iELISA
and RPA test respectively. Serological
investigation of age-wise analysis shown that
highest infection rate was 65.5% in 20-25 weeks
age group followed by 47% in 26-30 weeks and
47.2% in 31 to 35 weeks. Among the birds of all
age groups, younger birds are given higher
serological response to the Salmonella enteritidis
antigen.

Conclusion
This study stated  that  the iELISA

immunoassay  of SE was superior, rapid, easy to
perform and most reliable test to screen the large
number of birds for S.enteritidis infection and best
use full tool for serosurvivalance to control the
vertical and horizontal transmission of S.enteritidis
in flocks.
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Abstract
The present investigation utilizes the eco-

efficient pullulan polysaccharide as film forming
biopolymer. Pullulan-based edible films offer good
physical, thermal and mechanical properties
which enable them to use in shelf-life preservation
of fresh produce. Blends of other film forming
polysaccharides, plasticizers and an antioxidant
with pullulan (Pu) solution were prepared in order
to determine physical and optical parameters of
those films. The morphological and biodegradable
studies were attempted to identify the changes
on the films’ surfaces. The films made from (only)
pullulan (10Pu), pullulan composited with sodium
alginate(10Pu_0.5SA), gelatin (10Pu_0.5G),
polyethylene glycol (10Pu_0.5PG), calcium
chloride and lemon juice (10Pu_1CC_2L) resulted
heavier film densities, higher whiteness indexes
and lower total color difference values.All the films
were tested for their biodegradability in soil, where
visual changes were appreciated after 15 days,
partial and complete degradation took place at
the end of 34 days and 53 days, respectively.
Thus, these pullulan blended films could be a better
replacement for synthetic fi lms towards
environmental problems.

Keywords: Pullulan, Plasticizers, antioxidant,
edible film, biodegradable

Introduction
Use of bio-active packaging materials for

extending shelf-life of fresh produce replaces the
traditional petroleum-based (synthetic) packaging
polymers (1,2). Edible films using thin wrapping
materials, generally have packaging properties
that shield the inner part from outer environment
by limiting gas and water vapor transportation and
improve the shelf-life of fresh produce by protecting
them from physical, chemical and microbiological
deteriorations (3). Traditionally, waxes, soymilk
proteins, gelatin, sucrose and sugar derivatives
were used as edible coatings to extend the storage
life of many food items (4). Later, due to increased
demand of coatings on food was served by
petroleum-based coatings on food package.
Further, dramatic increase of petroleum costs led
to high packaging costs of fresh food materials.
The past three decades, researchers have shown
tremendous concern over cheaper edible materials
for healthy packaging alternatives that lead to the
commercial edible films prepared (5, 6, 7).

Typically, edible film composed of film
forming compound, plasticizer, additive, and
solvent to formulate a film forming dispersion (8).
Characteristics of edible films, generally, affected
by composition of film forming material, type and
concentration of additives (9). In the present study,
film forming materials viz., Pullulan (EPS from
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Aureobasidium pullulans), Gelatin, Sodium
Alginate, Agar and Starch; plasticizers like Poly-
Ethylene Glycol 4000, Sorbitol, Glycerol and
Calcium chloride; and Citric acid (in lemon juice)
as an antioxidant additive were used in
combinations to prepare variety of edible films.
The prepared edible films were analyzed for
organoleptic (color, whitening index), physical
(opacity, light transparency), topographical
properties and biodegradability.

Materials and methods
Materials used : All the chemicals (of analytical
grade) were purchased from M/s. Qualigens
Biochemicalswere purchased from M/s. HIMEDIA
chemicals Ltd. Standard Pullulan of medium
molecular weight (viscosity:180 centipoise)was
purchased from M/s. Kumar Organics Pvt. Ltd.,
Bengaluru. Deionized water was used from a
Millipore Simplicity system.

Film formation :  Pullulan (10% w/v) was
dissolved in distilled water and heated by a hot
plate stirrer at 80oC, 500 rpm for 60 min; and then
solution was cooled down to room temperature.
Different mixed concentrations (% w/v) of other
film forming materials (Gelatin, Starch, sodium
Alginate, Agar), plasticizers (Glycerol, Sorbitol,
Calcium chloride, Polyethylene glycol-4000,
6000), and additive (Citric acid) were mixed with
10 (% w/v) Pullulan suspension to form variety of
film formulations (Table 1). Pullulan based edible
films were formed by the casting method and dried
at 60oC and 40% relative humidity (RH) in an
environment chamber (S.K. Scientific & Surgical,
India), for 24 h prior to characterization.

Color parameters measurement : Color Flex EZ
45/0ocolor spectrophotometer (Hunterlab, Reston,
VA, USA) was used to test the color parameters
of the edible films, according to ASTM E308. The
CIE lab scale measurements were made, and the
instrument was calibrated with a standard white
plate (L’ = 91.83, a’ = - 0.73, b’ = 1.52) as film
background before the measurements. Results
were expressed as L* (luminosity), a* (red/green)
and b* (yellow/blue) parameter values of the film

samples sample and L’, a’ and b’ are the color
parameter values of the standard white plate. A
mean value of five repetitions of film’s top and
bottom side was recorded.

The total color difference (ÄE) was calculated
using the following equation (10):

The Whitening Index (WI) of edible films was
calculated as described by Bolin and Huxsoll
(1991):

Film  thickness and density measurement :
Film thickness was measured by using Mini
Electronic Dial Thickness Indicator (Gauge Tester,
Joro). The thickness reading was made of mean
value of three experimental tests in ten different
positions, each twice per second measuring a
minimum, a maximum and an average value, with
a resolution of 0.001 mm, at room temperature.
The density of each film (in g/cm3) was determined
and expressed as an average of three
measurements and standard deviation.

Film transparency measurement : Transparency
of pullulan-based films was measured according
to the procedure of Han and Floros, 1997 (11)
using a spectrophotometer (Biospectrometer®

kinetic, Eppendorf, New York, USA), as per ASTM
method D1746-92 (12). Edible film’s transparency
was calculated using following equation (13):

where T600 is transmittance at 600 nm, A600 is
absorbance, and b is the length of the light path
through the medium (i.e., film thickness).

Morphology  evaluation :  The films’ morphology
was determined by using a microscope (Olympus
CX31 HD Digital Microscope, Feasterville, PA)

Rama Krishna et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (3) 263-270, July 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.3.27

265

with a standard light. Film strips were observed in
black and white and the images were recorded at
a 20X magnification (13).

Biodegradability in soil : Biodegradation of
prepared films was tested in soil under controlled
laboratory conditions (25ºC, 25% humidity and
pH=7). Samples were placed onto the soil located
in plastic containers which were covered by
aluminium foil in order to keep the films free of
dirt. Biodegradation was studied taking
photographs at regular time intervals (14).

Results and Discussion
Color related characteristics : The consumer
acceptance of any edible film depends, primarily,
on film’s color that in turn influenced by the
ingredient composition by means which it was
formulated (15). The different composition of film
forming compounds, plasticizers, additive used
for pullulan based edible films and film thickness,
total color difference (ÄÅ), whiteness index (WI),
and Transparency values were tabulated in the
Table 2. The presence of various materials
significantly affected the films formation and their
characterization. All the pullulan-based films have
shown the thickness range of 0.04 to 0.1 mm.
Thickness can affect barrier properties, particularly
water vapor permeability due to differences
between the water vapor pressure below the film
and that of the moisture build-up above the film
(16). To obtain films with similar thickness, same
suspension volumes were used. However, films
prepared with plasticizers exhibited higher
thickness that those prepared with other
polysaccharides. The films’ thickness values are
in good agreement with previous studies (17, 18).

The Hauntercolor parameters results (L*, a*,
b*) were used to calculate the total color difference
(ÄÅ) and whiteness index (WI), the values shows
significant variation of color characteristics
(p<0.05). The films made from (only) pullulan,
pullulan composited with sodium alginate, gelatin,
polyethylene glycol, calcium chloride and lemon
juice resulted heavier film densities, higher
whiteness indexes and lower total color difference

values. The similar results were also reported in
previous study (15, 18). The transparency (based
on absorbance at 600 nm wavelength) values of
these films were very high, also attracts the
packaging visual characteristics in both product
consumer acceptability and food quality, when
these are applied on fresh produce. So, these five
films were used in the mechanical and thermal
characterization. The same trend was also
reported by Bertan et al., 2005 (19) andTaqi et
al., 2011 (20).

Microstructure of films : Edible films are usually
hydrophilic in nature, whereas conventional plastic
films are non-polar, as reported by Antarés and
Chiralt, 2016 (21). The incorporation of various
plasticizers and additives in the film forming

Formulation of pullulan/plasticizer blended films for their physical and biodegradability studies

Fig.  1: Surface micrographs of Pullulan based ed-
ible films (a)10 Pu, (b) 10 Pu_0.5 SA, (c) 10 Pu_0.5
G, (d) 10 Pu_0.5 St, (e) 10 Pu_0.5 A, (f) 10 Pu_0.5 G*,
(g) 10 Pu_0.5 S*, (h) 10 Pu_1 CC,  (i) 10 Pu_0.5 PG,
(j) 10 Pu_0.5 PG*, (k) 10 Pu_0.5 G*_0.5 S*, (l) 10
Pu_0.5 G_0.5 G*, (m) 10 Pu_0.5 SA_0.5 G, (n) 10
Pu_0.5 SA_ 0.5 G*, (o) 10 Pu_0.5 SA_1 PG, (p) 10
Pu_1 CC_1 PG, (q) 10 Pu_1 PG_2.5St, (r) 10 Pu_1
CC_2 L, (s) 10 Pu_1 CC_2 S*, (t) 10 Pu_2 L
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dispersion is done by homogenization of polymer
aqueous solution. When the film is dried,
plasticizers and additives embedded into the
polymer matrix, as observed by microscopy. The
drying time plays an important role in determining
the arrangement of the components during the
film-forming step, thus the final microstructure of
the edible films. Morphological analysis of the films
under study was carried out by optical microscopy
(20X magnification), to evaluate the homogeneity
and the structure of the prepared films. Fig. 1
shows the surface micrographs of all the prepared
films. Pullulan composited films presented a more
homogeneous and uniform structure than pullulan
(alone) ones. Starch containing films (Fig. 1. (d),
(q)) shows a mild change (agglomerations) in the
structure of films due to non-uniform distribution
of starch. The most irregular structure was
observed in Pullulan film (Fig. 1. (a)). The

morphology of the films supported the tensile
results, evidencing that a different structural
arrangement of the components in the film forming
dispersion significantly influences both
mechanical and gas barrier properties. The similar
surface micrographs were also observed by many
researchers for edible films (13, 14, 18).

Biodegradability tests : Edible films made from
biopolymers takes advantage of reducing
environmental pollution clean-up (14). The pullulan-
based films were visualized using a digital camera.
Fig. 2 (a) and (b) shows the surface of pullulan
blended films at 0, 4, 8, 15, 27, 34, 41, 46 and 53
days in contact when buried under fertile soil. The
visual images outline the films’ surface change
indicating cracks, holes, color changes and
microorganism’s appearance, in a progressive
manner. Over the time, microorganism’s(present

Fig. 2 (a). Pullulan based edible films degraded in soil after different (0, 4, 8, 15, 27, 34, 41, 46 and 53) days:
(A)10 Pu, (B) 10 Pu_0.5 SA, (C) 10 Pu_0.5 G, (D) 10 Pu_0.5 St, (E) 10 Pu_0.5 A, (F) 10 Pu_0.5 G*, (G) 10
Pu_0.5 S*, (H) 10 Pu_1 CC,  (I) 10 Pu_0.5 PG, (J) 10 Pu_0.5 PG*
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in soil) attack on the film’s surface was gradually
spreaded.The gravimetric biodegradation studies
were not performed, due to the microbial
degradation of film surface. Almost all the films
were slowly degraded after 5 weeks (34 days) in
soil but visual changes were only appreciated after
the 15 days. By the end of 53 days, all the films
were completely degraded by soil microorganisms
and disappeared (Fig. 2 (a), (b)). Microorganism
proliferation was enhanced by the humidity of films
which was favoured by the pullulan content. The
similar observations were also reported by
Debandi et al., 2016 (13) for films made with
Chitosan/ Glycerol.

Conclusion
Use of different polysaccharides, plasticizers

and additives were blended to pullulan, edible
biopolymer, to formulate the edible thin films was
attempted. Film physical, optical, surface and
biodegradability properties were evaluated.Out of

twenty different pullulan-based edible films, only
the films formulated with plasticizers have shown
high film thicknesses. High value of density,
whiteness index and low value of color difference
was observed in 10Pu, 10Pu_0.5SA, 10Pu_0.5G,
10Pu_0.5PG and 10Pu_1CC_2L films. Different
morphological changes were also seen in all these
pullulan blended films. Biodegradability, of all these
films, in soil elucidates the use of these pullulan-
based films would be an alternate for plastic films
that completely eradicates the environment
pollution.
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Fig. 2 (b). Pullulan based edible films degraded in soil after different (0, 4, 8, 15, 27, 34, 41, 46 and 53 days:
(K) 10 Pu_0.5 G*_0.5 S*, (L) 10 Pu_0.5 G_0.5 G*, (M) 10 Pu_0.5 SA_0.5 G, (N) 10 Pu_0.5 SA_ 0.5 G*, (O) 10
Pu_0.5 SA_1 PG, (P) 10 Pu_1 CC_1 PG, (Q) 10 Pu_1 PG_2.5St, (R) 10 Pu_1 CC_2 L, (S) 10 Pu_1 CC_2 S*,
(T) 10 Pu_2 L
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Film symbol
Film Forming Material Plasticizer    Additive

(% w/v) (% w/v)  (% w/v)

Pu SA G St A G* S* CC PG PG* L

10 Pu 10.0 -- -- -- -- -- -- -- -- -- --
10 Pu/0.5 SA 10.0 0.5 -- -- -- -- -- -- -- -- --
10 Pu/0.5 G 10.0 -- 0.5 -- -- -- -- -- -- -- --
10 Pu/0.5 St 10.0 -- -- 0.5 -- -- -- -- -- -- --
10 Pu/0.5 A 10.0 -- -- -- 0.5 -- -- -- -- -- --
10 Pu/0.5 G* 10.0 -- -- -- -- 0.5 -- -- -- -- --
10 Pu/0.5 S* 10.0 -- -- -- -- -- 0.5 -- -- -- --
10 Pu/1 CC 10.0 -- -- -- -- -- -- 1.0 -- -- --
10 Pu/0.5 PG 10.0 -- -- -- -- -- -- -- 0.5 -- --
10 Pu/0.5 PG* 10.0 -- -- -- -- -- -- -- -- 0.5 --
10 Pu/0.5 G*/0.5 S* 10.0 -- -- -- -- 0.5 0.5 -- -- -- --
10 Pu/0.5 G/0.5 G* 10.0 -- 0.5 -- -- 0.5 -- -- -- -- --
10 Pu/0.5 SA/0.5 G 10.0 0.5 0.5 -- -- -- -- -- -- -- --
10 Pu/0.5 SA/ 0.5 G* 10.0 0.5 -- -- -- 0.5 -- -- -- -- --
10 Pu/0.5 SA/1 PG 10.0 0.5 -- -- -- -- -- -- 1.0 -- --
10 Pu/1 CC/1 PG 10.0 -- -- -- -- -- -- 1.0 1.0 -- --
10 Pu/1 PG/2.5St 10.0 -- -- 2.5 -- -- -- -- 1.0 -- --
10 Pu/1 CC/2 L 10.0 -- -- -- -- -- -- 1.0 -- -- 2.0
10 Pu/1 CC/2 S* 10.0 -- -- -- -- -- 2.0 1.0 -- -- --
10 Pu/2 L 10.0 -- -- -- -- -- -- -- -- -- 2.0

Pu- Pullulan, SA-Sodium Alginate, G- Gelatin, St- Starch, A- Agar, G*-Glycerol, S*- Sorbitol, CC-
Calcium chloride, PG- Polyethylene Glycol4000, PG*- Polyethylene Glycol6000, L- Lime juice

Table 1.  Pullulan blended films classification based on composition
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Table 2. Pullulan based edible films thickness, density, color properties and transparency.

Film symbol Thickness Density Color Whiteness  Transparency
(mm) (g/cc) Difference, E Index, WI

(Abs)

10 Pu 0.06±0.001§ 10.46±0.2¶ 13.48±0.55¡ 78.39±0.21¢ 36.13±0.21¤

10 Pu/0.5 SA 0.05±0.001 7.95±0.1 16.77±0.47 75.09±0.43 19.08±0.34
10 Pu/0.5 G 0.05±0.002 7.24±0.21 16.47±0.24 75.39±0.34 1.66±0.07
10 Pu/0.5 St 0.05±0.002 0.954±0.09 37.29±0.59 54.56±0.54 2.22±0.12
10 Pu/0.5 A 0.04±0.001 1.450±0.23 29.05±0.24 62.72±0.13 2.35±0.54
10 Pu/0.5 G* 0.07±0.003 0.716±0.08 22.51±0.76 69.45±0.52 2.25±0.27
10 Pu/0.5 S* 0.04±0.001 1.600±0.17 21.38±0.35 70.45±0.31 2.07±0.35
10 Pu/1 CC 0.05±0.002 1.03±0.05 33.46±0.53 58.36±0.28 2.66±0.31
10 Pu/0.5 PG 0.05±0.001 9.10±0.13 16.86±0.37 75.17±0.17 4.30±0.42
10 Pu/0.5 PG* 0.10±0.004 1.463±0.06 35.64±0.45 56.13±0.56 8.42±0.25
10 Pu/0.5 G*/0.5 S* 0.04±0.002 1.075±0.02 39.80±0.55 52.09±0.23 4.95±0.32
10 Pu/0.5 G/0.5 G* 0.04±0.001 1.575±0.01 34.34±0.52 57.45±0.47 4.27±0.38
10 Pu/0.5 SA/0.5 G 0.07±0.001 1.31±0.03 19.73±0.13 72.05±0.87 1.63±0.54
10 Pu/0.5 SA/ 0.5 G* 0.06±0.003 1.233±0.02 27.68±0.65 64.12±0.76 2.21±0.23
10 Pu/0.5 SA/1 PG 0.04±0.001 1.30±0.04 37.75±0.16 54.05±0.58 3.70±0.54
10 Pu/1 CC/1 PG 0.10±0.005 1.854±0.05 36.17±0.56 55.63±0.52 12.02±0.33
10 Pu/1 PG/2.5St 0.06±0.002 1.850±0.21 36.17±0.32 55.63±0.43 2.31±0.26
10 Pu/1 CC/2 L 0.05±0.002 10.35±0.34 19.14±0.44 72.61±0.87 32.62±0.45
10 Pu/1 CC/2 S* 0.04±0.003 1.04±0.02 24.79±0.54 67.56±0.45 4.23±0.28
10 Pu/2 L 0.04±0.001 1.650±0.04 36.47±0.24 55.33±0.37 2.72±0.36

Data shows mean ± standard deviation and different superscript letters (§, ¶, ¡, ¢, ¤) in each column
indicated significant differences (p<0.05)
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Abstract
Natural and induced mutants are the primary

resource for understanding the functions of the
genes. The study of lethal dose (LD) and
development of 300Gy, 400Gy, and 500Gy gamma
irradiation population in Solanum lycopersicum L.
cv. ArkaVikas was carriedout in the present
investigation. The highest germination percentage
was recorded in control (98.53%). The germination
percentage reduction, seedling height decline, and
decreased pollen fertility in M1 generation was
noted with the increasing gamma radiation dose.
The 300Gy irradiation caused 41.73% seed
germination reduction and was considered an
appropriate irradiation dose to develop a
mutagenized population. A total of 3000 seeds
have been irradiated with 300Gy of gamma rays
and 1,748 (58.26%) M1 mutagenized plants have
survived and out of these 1,185 viable fertile plants
were noted. In M1 generation two chlorophyll
mutants have been identified. Six plants from each
M2 line were screened based on morphological
alterations and six putative mutants (0.51%) were
identified. The identified mutant lines displayed a
varied range of morphological variations that
include altered chlorophyll content, elongated
fruits, and orange color fruit.

Keywords: Solanum lycopersicum L., gamma
irradiation, mutagenesis, morphological variations.

Introduction
Globally, Solanum lycopersicum L. occupies

the second place in the fresh vegetable market

and the food processing industry. Tomato belongs
to the Solanaceae family, with a small genome
size, various mapped traits and EST clones (1).
Tomato bears a fleshy berry fruit and emerged as
a model plant for fruit ripening studies. The ge-
nome size of tomato was predicted to be approxi-
mately 900 Mb with 12 chromosomes and 34,727
protein-coding genes (2). Out of these predicted
protein-coding genes, 30,855 genes are supported
by RNA sequencing (RNA-Seq) data (2).
Mutagenized population development and mutant
collection is a fundamental and key resource for
gene function investigation and several research-
ers have developed a mutagenized tomato popu-
lation (3 and 4). Induced mutagenesis is one of
the effective approaches to the genetic enhance-
ment of crop plants (5). Significant efforts have
been made to generate large scale induced
mutagenized population by chemical (EMS, and
DEB), physical (X-rays, gamma rays, and fast and
thermal neutrons) and biological (T-DNA and
Transposans) mutagens (3, 6, 7, 8, 9 and 10).
Mutagenesis frequency, spectrum, screening, and
usability were varied from one to another approach.

The tomato genetic resource center (Univer-
sity of California, Davis) collected and cataloged
1,050 monogenic stocks, including morphologi-
cal mutants, alloenzyme markers, and 1,153 wild
tomato accessions (http://tgrc.uctavis.edu). Physi-
cal and chemical mutagenesis causes high-fre-
quency mutations in plants (11). Gamma rays and
fast neutrons are widely used as physical mu-
tagens for the development of a mutagenized popu-
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lation and these populations are used for mutants
screening (12, 13 and 14). Forward genetics is
one of the approaches, in which the gene respon-
sible for the natural mutant or induced mutant phe-
notype is determined. Gamma-rays have the ca-
pacity to induce large-scale deletions, sometimes
the reconstitution of chromosomes and useful
mutants have been isolated with low and medium
doses (15).

The availability of complete genome se-
quence and dense genetic maps has enabled re-
searchers to develop systematic approaches to
discover the function of identified alleles. Several
approaches such as TILLING (Targeting Induced
Local Lesions IN Genomes), De-TILLING and in-
sertional mutagenesis (T-DNA or transposon tag-
ging) enable high-throughput gene functions char-
acterization (16, 17, 18, 19 and 20). TILLING is
one of the strategies in which point mutations in-
troduced in genome by alkylating agent ethyl
methanesulfonate followed by mutation detection
(21 and 22). Li et al. (9) developed a fast neutron
based delete-a-gene reverse genetics approach
in Arabidopsis, which is dependent on PCR strat-
egy to detect deletions using shorter extension
times to allow preferential amplification of short
deletion in gene at high pooling depths.

Mutant resources have contributed to both
plant breeding and functional genomics.  More-
over, the rate of mutant recovery in EMS
mutagenized population was actually higher than
gamma rays irradiation mutagenesis (15). This
may be due to gamma irradiation, which often
causes larger DNA deletion (15, 23 and 24) and
most mutants with extreme deletions of DNA may
not have survived. Thus, there is still a need to
develop large scale deletion mutagenized genetic
resources and development of more efficient de-
tection methods. Here, we describe the develop-
ment of mutagenized gamma-irradiated M2 popu-
lation of Solanum lycopersicum L. cv. Arka Vikas,
and this population exploits for the screening of
mutants. The generated M2 deletion mutagenized
population may contribute to the genetic resources
for breeding and functional genomics in tomato.

Materials and Methods

Plant material and determination of optimal
dose for mutagenesis : Solanum lycopersicum
cv. Arka Vikas seeds were procured from the In-
dian Institute of Horticulture Research (IIHR), Ban-
galore, India. Cultivar Arka Vikas seed batches
were treated with 300Gy, 400Gy, and 500Gy
gamma irradiation doses. The gamma radiation
treatment was carried out at Baba Atomic Research
Institute (BARC), Trombay, Bombay, India in 2016.
In order to record the results of seed germination
and seedling survival, the treated seeds were
placed on moisture filter paper in petri plates in a
growth chamber at 25±2°C.

Development of mutagenized population: The
gamma irradiated seeds were manually sown in
the nursery bed. The seedlings were transplanted
in an open field after three weeks of germination.
Fertilization and herbicide treatments were applied
once and the field was regularly irrigated by flood
irrigation.  The M1 plants were allowed to self-
pollinate to produce M2 seeds. Red ripe fruits were
harvested from individual plants at the end of the
plant life cycle and M2 seeds were collected for
construction of the M2 families.

Phenotypic screening of M2 population: Around
ten seeds of each M2 family were sown in nursery
beds. As mentioned above, six plants from each
of the M2 lines were grown in open field. Each M2
plant was tagged and a systematic phenotypic
assessment of the mutant population was carried
out based on the visual characterization. Pheno-
typic variations were captured using the digital
camera (Sony NEX-3N). All the M3 seeds were
collected from individual M2 plants.

Results and Discussion
Mutants with favorable genetic variations

have attracted the breeders to develop the new
cultivars. It is therefore very essential to develop a
wide range of induced mutagenized populations
by various mutagenesis approaches. An Indian
cultivar ‘Arka Vikas’ was used in the present in-
vestigation for the development of the mutant re-
source. Geneticists have used natural and induced

Prashanth et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (3) 271-278, July 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.3.28

273

mutations for the genetic enhancement of eco-
nomically important crops (25) these mutations
have also been used as tools for the study of gene
function. Natural or chemically induced genetic
diversity is considered to be an important genetic
resource and has been used for cultivation with-
out any stringent regulatory restrictions imposed
by national and international agencies.

Three specific doses of gamma radiation, i.e.
300 Gy, 400 Gy, and 500 Gy, were chosen to de-
termine the optimal dose of mutagen for the devel-
opment of the gamma-irradiated mutagenized
population of the cv. Arka Vikas. The lethal dose
in the cv. Arka Vikas at 300 Gy, 400 Gy, and 500
Gy, was 41.73, 67.63, and 86.33% respectively,
whereas 98.53% seed germination was observed
in control (Table 1). The frequency of seed germi-
nation and survival of M1 seedlings decreased with
an increased dose of gamma radiation. The LD50
values of various mutagens vary greatly in plant
species and induced mutagenized populations are
developed based on LD50 values.  Mutation in-
duction in the genome is a random phenomenon,
and a mutation’s recovery depends on the chance
of survival of the individual plants, consecutively
which affects the likelihood of a desirable mutant
being identified.

Okabe et al. (26) reported one mutation per
1,237 Kb and these mutations affected an aver-
age of three alleles per kilobase from EMS
mutagenized population. Till et al. (27) reported
one putative mutation per 300 Kb from 1.5% EMS
mutagenized Nipponbare population. In
Arabidopsis thaliana, averages of 720 mutations
were detected in each M2 plant (28). Neverthe-
less, the EMS mutagenesis typically causes ran-
dom G/C to A/T transitions and the incidence of
truncated mutations is lower than 5% (29) and
expected to result in a large percentage of leaky
mutation. In addition, these leaky mutations were
probably undetected morphologically and remained
in the mutagenized population, and the efficient
detection of mutations required further screening
of the lines. An occurrence of lower mutation fre-
quency in the gamma-irradiated population was

noted in literature, and this may be due to the
lethality of larger deletions. Naito et al. (13) irradi-
ated the buds with gamma-rays and used the pol-
len to fertilize the open flowers and further studies
revealed that in the most mutant’s large deletions
of up to 6 Mbp were found, the majority of which
were not transmitted to progeny. They also reported
mutations containing 1- or 4-bp deletions that were
normally transmitted to the next generation (13).

Parameters for assessing the mutagen mu-
tagenicity are seed germination, lethality, steril-
ity, chimeric plants in M1 generation and viable
mutant frequency (3, 14 and 30). In addition, the
adverse effects of physical and chemical mutagens
on various biological parameters have been re-
ported earlier (31 and 32). In this study, we devel-
oped a total of 1,449 M2 gamma-irradiated lines.
A total of 1,185 M1 plants survived and produced
fertile offsprings from germinated 1,748 M1 seed-
lings belonging to 300 Gy gamma-irradiated seeds
(Table 2). A total of 235 and 29 M1 seedlings were
survived from 400 Gy and 500 Gy gamma-irradi-
ated seeds, respectively (Table 2). The 300 Gy
dose is chosen as the best possible irradiation
dosage after careful evaluation of the seed germi-
nation and M1 seedling survival percentages.
Physical and chemical mutagens have induced a
wide range of morphological mutations in various
crops (3, 4, 23, 33, 34, 35, 36 and 37). Chimeric
plants have also been identified in the M1 genera-
tion of the developed gamma-irradiated
mutagenized population.

Six individual plants were transplanted to the
field from each M2 line and screened for morpho-
logical and developmental variation. A total of six
lines were identified as putative mutant candidates
with morphological changes. The observed phe-
notypic variations were reduced chlorophyll con-
tent (Fig. 1D), increased chlorophyll content in
leaves (Fig. 1E), elongated fruits (Fig. 1 F & G),
orange color ripened fruit mutant (Fig. 1 H) and
pale yellow flower (Fig. 1I). All six mutant candi-
dates were identified from 300 Gy gamma-irradi-
ated mutagenized populations. The mutant fre-
quency was measured as the number of mutants
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detected from total families screened. The muta-
tion frequency was measured as 0.51% (6/1,185)
and is an approximate rough index of the frequency
of gamma irradiation mutagenesis. In the present
investigation, 0.168% of the germinated M2 seed-
lings showed chlorophyll mutants. Gamma-ray ir-
radiation in rice resulted in the identification of one
mutation per 6.19Mb and the point mutation rate
was relatively lesser than the EMS mutagenesis,

however, the rate of knockout mutations was higher
in gamma-ray irradiation than the EMS mutagen-
esis (38). A total of 10.88% M2 plants with mor-
phological phenotypes were identified on the ba-
sis of primary screening from the EMS
mutagenized population (3).

One of the drawbacks of gamma-radiation
mutagenesis is that there no efficient method of

Fig. 1: Morphological mutants identified fromã-irradiated mutagenized population. (A) (B) & (C): Wild type
(cv. ArkaVikas); (D) Leaf color: Reduced chlorophyll mutant; (E) Leaf color: Increased chlorophyll mutant;
(F) & (G) Fruit shape: Elongated fruit; (H): Fruit color: Orange color fruit mutant; (I): Flower color: Pale
yellow color.
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reverse genetics approach for detecting the smaller
to larger deletions in the genome. However, there
are few reports in literature for the identification of
deletions in the genome. The technique of TILL-
ING (Targeting Induced Local Lesions IN Genome)
was introduced to recognize the point mutations
(39) and the technique was applied to various
crops, such as rice, tomato, wheat, barley (26,
27, 40 and 41). The TILLING technique is also
effective in detecting 2–4bp deletions induced by
gamma-rays (38). Li et al. (9) developed a reverse
genetics approach to discovering deletions in tar-
geted genes in Arabidopsis and has identified de-
letions in 84% of targeted regions by using a total
of 51, 840 lines. Furthermore, they reported dele-
tions in rice genome using a similar approach.
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Abstract
Lysine is one of the most commercially

available amino acid, which is chiefly used as a
feed additive, human medicine and as a dietary
supplement. In the present day, Corynebacterium
glutamicum is the most popularly known
microorganism for the industrial biosynthesis of
lysine. The purpose of this study was to improve
the yield of lysine production by chemical
mutagenesis. In this study the culture conditions
were optimized and the maximum growth was
observed at 37p C, pH-7.4 for 72 hours.

The chemical mutagen, N Ethyl N Nitroso
Urea (ENU) was used to develop the auxotrophic
mutants by treating the wild type strain with
different concentrations of ENU (i.e.,35mM,
50mM, 70mM, and 100mM) at different time
periods (i.e.,0, 5, 10, 15, 20, and 25mins). The
obtained mutants were then inoculated in seed
culture medium enriched with methionine and
threonine and all the mutants obtained were
screened for lysine concentrations.

The most potent auxotrophic mutant
developed in this study produced 30.2 g/l lysine
when the culture was exposed to ENU of 70mM
concentration for 10 minutes.

Keywords:  L-lysine, Corynebacterium
glutamicum, N Ethyl N NitrosoUrea (ENU),
mutagenesis, auxotrophs, seed culture medium.

Introduction
L Lysine is one of the most important

essential amino acids which could be used in
many biophysical mechanisms in the living
organisms. Corynebacterium glutamicum is used
to produce L Lysine commercially1. L-Lysine is
an essential amino acid which is utilized in many
biochemical reactions like phosphorylation and
also used as an additive for fodder crops2. Annually
around 80, 00, 00 tones were produced which
made L Lysine second among global amino acid
synthesis at industrial scale3,4. Chemical
synthesis, enzymatic method, fermentation,
extraction from protein Hydrolysate, genetic
engineering and protoplast fusions were several
kinds of technologies employed in L Lysine
synthesis from Corynebacterium glutamicum3,26.
L-lysine is one of the most deficient components
found in the food of both human and animals.
Animal feed generally contains a less quantity of
L-lysine and is not synthesized by cattle, poultry
or other livestock, so L-lysine will be added as a
food supplement for animals to meet feed
requirements6. L-Lysine, one of the eight essential
amino acids for animals and humans which is
used as feed additives, dietary supplements and
also as an ingredient of pharmaceuticals and
cosmetics7.

Corynebacterium glutamicum is a non-lethal
and non-emulsifying gram-positive bacterium. It
exhibits a low protease activity in the culture and
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can secrete protease-sensitive proteins into the
culture supernatant14. C. glutamicum is a gram-
negative bacteria with the absence of
lipopolysaccharide removed in the production of
therapeutic proteins15 increases the yield by
reducing the purification steps. C. glutamicum is
generally recognized as safe (GRAS) for the
industrial biochemical production of L Lysine and
L glutamate16.

Corynebacterium glutamicum is one of the
major microorganisms used in amino acid
synthesis. The Corynebacterium glutamicum is a
rod-shaped bacteria, aerobic and gram-positive
bacteria grows in the soil, on the surfaces of
vegetables and fruits17. C.glutamicum has the
capability to metabolize glucose, fructose, and
sucrose18, 29. C. glutamicum utilizes many different
kinds of carbohydrates, organic acids, and alcohol
as a carbon and energy source for rapid microbial
growth and for many amino acids synthesis24, 25.
The glucose, or sucrose or any carbon source is
utilized by the Corynebacterium glutamicum for l
lysine synthesis by fermentation28. The time of
incubation is reported for maximum L Lysine is
between 48 hrs to 72 hrs30, 31. The ddh recombinant
Corynebacterium glutamicum MTCC 25069
produces more amounts of L Lysine compared to
Wild type. This is because of the expression of
more amount of ddh which acts as an enzyme for
the substrate 2,6 dicarboxylic acid with the
participation of less number of enzymes. Chemical
mutagenesis with ENU increased the yield of L
Lysine in the mutant than the Wild type strain27.
The ENU causes insertion or deletion mutation
and shows its effect on protein synthesis. The
ENU causes mutation in Homoserine
dehydrogenase gene to cause the Homoserine
Auxotrophs of C. glutamicum21.

Generally, the Aspartyl â semialdehyde is
produced in two ways. In the Krebs cycle of
Corynebacterium glutamicum, the Oxaloacetic
acid (OAA)19,20 undergoes transamination reaction
with the presence of glutamate: oxaloacetate:
transaminase enzymes produce aspartyl â semi
aldehyde which further produces homoserine and

L L diaminopimelate (2,3 meso- DAP) by two
different pathway1. The Aspartyl â semialdehyde
is also formed from Aspartate dehydrogenase from
Aspartyl phosphate which was formed from
Aspartate by Aspartate kinase2,19. The aspartyl
â-semi aldehyde acts as a common substrate to
produce L Lysine through L L diaminopimelate
(2,3-DAP) and Methionine or threonine through
homoserine1,28. The aspartylâ-semi aldehyde
converts to Homoserine by reacting with
homoserine dehydrogenase4 which participates in
the Homoserine pathway in the production of
Threonine and Methionine22,23. Homoserine reacts
with MetA6 and produces O-Acetylhomoserine
which reacts with Met B synthesize Cystathionine
further reacts with C7 to produce Homocysteine
finally reacts with Met E or Met H to produce
methionine or Homoserine reacts with homoserine
kinase produces L homoserine phosphate and
converts to threonine11 by Threonine synthase in
Homoserine pathway. Aspartyl â semi aldehyde
reacts with 2,3 Dihydrodipicolinate synthase
produces 2,3 Dihydropicolinate which further
reduces to 2,6 Dicarboxylic acids by 2,3
Dihydrodipicolinate reductase. Corynebacterium
glutamicum chose three kinds of enzymes
namely Acetyltransferase or Succinyl Transferase
or diaminopimelate dehydrogenase (ddh) to
produce L L diaminopimelate (2,3 meso DAP).
The LL diaminopimelate (2,3 meso DAP) converts
to L Lysine by Lysine synthase. By Recombination
with ddh gene with a constitutive promoter
enhances the productivity of L Lysine by diverting
the acetyltransferase and succinic transferase
pathway to ddh pathway. The Chemical Mutagen
N-nitroso-N-ethyl urea (ENU)3,9 has the capability
to cause deletion or insertion mutation in the
Homoserine dehydrogenase18 enzyme and blocks
the Homoserine Pathway which generally leads
to the production of threonine and Methionine. This
block in the homoserine pathway diverts the
aspartic â-semialdehyde to react with 2,3
Dihydrodipicolinate synthase the enzyme to
produce more amounts of “-diaminopimelate (“
DAP) through ddh pathway.2,3 Dihydrodipicolinate
synthase 35 converts aspartic β-semialdehyde to
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2,3 Dihydropicolinate. In the presence of reductase
2,3 Dihydropicolinate reduces to Piperidine 2,6,
dicarboxylic acid.  The formation of DAP will be
done by binding of Piperidine 2,6, dicarboxylic
acid with three different enzymes acetyltransferase
or Succinyl transferase or diaminopimelate
dehydrogenase enzymes leads to three different
pathways for the L Lysine production through DAP.
2,6 dicarboxylic acid reacts with acetyl transferase
produces the N – acetyl 2 –amino 6-keto L-
pimelate which reacts with the enzyme
aminotransferase produces N- Acetyl- L- L -
diaminopimelate produces L- L- DAP by
deacetylase in the acetyltransferase pathway
which is a three-step pathway. 2,6 dicarboxylate
reacts with Succinyl transferase to produce N
Succinyl 2- amino 6 keto L pimelate which reacts
with dap C Produces N Succinyl L-L
diaminopimelate which again reacts with dap E
gives L L diaminopimelate is also a three step
pathway. The ddh recombinant strain produces
more L L diaminopimelate (2,3 meso DAP) by
overexpression of ddh enzyme which follows ddh
pathway for the production of L L diaminopimelate
(2,3 meso-DAP) by reacting with 2,6 Dicarboxylic
acid as substrate by eliminating the more number
of reactions that were in the remaining
acetyltransferase and Succinyltransferase
pathways by overexpression of ddh by the ddh
recombinant strain of C. glutamicum MTCC 25069
strain with constitutive promoter.

Materials and Methods
Chemicals used in this study: Seed culture
medium: (Peptone 5 g/l, Yeast extract 3.75 g/l,
NaCl 5 g/l, KH2PO4 25 g/l, K2HPO4 25 g/l,)  [D-
Glucose 10 g/l, (NH4)2SO4 17.46 g/l, ZnSO4 0.05
g/l, FeSO4.7H2O 0.02 g/l, MnSO4.5H2O 0.02 g/l,
MgSO4.7H20 0.04 g/l, Methionine 2 g/l, Threonine
2 g/l].

Optimization of Corynebacterium glutamicum
MTCC 25069 : The culture conditions of
Corynebacterium glutamicum were optimized to
improve the the yield of L-lysine.

Optimal pH: In order to find optimal pH, the
temperature and time of incubation were kept
constant. The 24hr broth culture which was
incubated at different pH levels was centrifuged
and the quantification of protein was done by
Lowry’s method.

Optimal temperature: To find the optimal
temperature, the pH and time of incubation were
kept constant. The 24hr broth culture which was
incubated at different pH levels was centrifuged
and the quantification of protein was done by
Lowry’s method.

Optimal time: In order to find the optimal time,
pH and temperature of the bacterial cultures were
kept constant. The cultures were incubated at
different time intervals. The samples were then
collected and the total protein was estimated by
lowry’s method.

Mutation of Corynebacterium glutamicum
MTCC 25069 : The bacterial strain
Corynebacterium  glutamicum MTCC 25069  was
mutated by using the chemical mutagen N Ethyl
N NitrosoUrea. The mutation of this bacteria was
carried out at different concentrations of ENU (i.e.,
35mM, 50mM, 70mM, and 100mM) and the
auxotrophs were isolated as per given below. Seed
culture medium was used for the growth of mutant
bacterial cells.

Procedure: The wild type bacterial cells were
grown on Luria Bertani (LB) broth and 10ml of LB
broth was taken in eight falcon tubes and was
inoculated with the growth. These tubes were
incubated at 37p C for 24 hours and were used for
mutagenesis purpose. After 24 hours the tubes
were centrifuged at 10000 RPM for 5 minutes and
the pellets were collected. The pellets were
suspended in 3ml Sodium Citrate buffer (pH 4.1)
and again centrifuged at 10000 RPM for 5 minutes.
The pellets were again resuspended in Sodium
Citrate buffer containing 1.2ml ENU solution. The
cultures were incubated for 0, 5, 10, 15, 20 and
25 minutes. The growth culture without adding
mutagen was also run along with the test samples
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Fig. 1: Deregulation of lysine synthesis in auxotrophs (Nakayama, 1985).
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under similar conditions. After incubation, the
samples were centrifuged at 10000 RPM for 5
minutes and the pellets were collected. The pellets
were now washed with 3ml Sodium Citrate buffer
and again centrifuged at 10000 RPM for 5 minutes
to remove ENU and the resultant pellets were
resuspended in 3ml of Sodium Citrate buffer. These
pellets were inoculated in seed culture medium
enriched with methionine and threonine and were
incubated at 37p C for 3 days.

Isolation of  auxotrophs:  The growth obtained
was inoculated in 1ml seed culture medium
containing no methionine and threonine. To this,
100 units of penicillin G was added and incubated
on shaking incubator for 20 hours at 37p C. After
20 hours, 50 units of penicillinase was added to
each tube and left for 10 minutes.100ul of this
growth was inoculated on seed culture medium
plates without methionine and threonine and with
seed culture medium with methionine and
threonine. These plates were incubated at 37p C
for 3 days. Colonies that grow on seed culture
medium with methionine and threonine but not on
seed culture medium without methionine and
threonine were isolated. These isolated colonies
were screened for lysine production. The samples
were centrifuged at 15000 rpm for 10 minutes.
The supernatant was collected and analyzed for
lysine concentration.

Qualitative and quantitative analysis: For the
qualitative analysis of lysine, paper chromato-
graphy was used whereas quantitative estimation
was done by using the Ninhydrin method.

Results  and Discussion :
Optimal pH: The pH of the media’s were adjusted
to 2, 5, 7.4, 9 and 11. From the values obtained
from growth turbidity, (For total protein estimation)
an efficient growth for Corynebacterium
glutamicum MTCC 25069 was observed at an
optimal pH of 7.4 (as shown in Fig. 3).

Optimal temperature: The cultures were
incubated at different temperatures (i.e. 10p C,
25p C, 37p C, and 45p C). The optimal temperature
required for the growth of Corynebacterium

glutamicum MTCC 25069 is 37p C (as shown in
Fig. 4).

Optimal time: Fermentation was carried out for
120 hours and for every 24 hours the samples
were collected to measure growth turbidity.The
growth turbidity has increased after 48 hours and
was maximum at 72 hours. Later the concentration
of protein gradually decreased (as shown in Fig.
5).

Enhanced L-lysine production
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Fig.  5: Culture plates treated with 35mM con-
centration of ENU.

Fig.  6: Culture plates treated with 50mM con-
centration of ENU.

Fig. 7: Culture plates treated with 70mM con-
centration of ENU.

Fig. 8: Culture plates treated with 100mM con-
centration of ENU.

Fig.  9: Standard graph for Ninhydrin method.

Fig. 10: Ninhydrin method for 35mM.

Fig.  11: Ninhydrin method for 50mM.
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Table 1: Concentration of Lysine in mutants
developed from Corynebacterium glutamicum
MTCC 25069

Mutants Lysine

Wild type concentration  (g/l)
MTCC 25069 14.959

A0 10.318

A5 10.835

A10 18.275

A15 24.873

A20 12.453

A25 10.706

B0 14.507

B5 20.927

B10 27.784

B15 28.302

B20 18.437

B25 18.356

C0 26.701

C5 30.275

C10 24.356

C15 19.051

C20 18.614

C25 17.838

D0 11.790

D5 10.027

D10 10.431

D15 6.970

D20 13.180

D25 5.790

Enhanced L-lysine production

Fig. 12: Ninhydrin method for 70mM.

Fig. 13: Lysine estimation by Ninhydrin method
for 100mM.

Well no.1 and 2: reference
Well no 3 to 6: A15, B15, C5, D20.

Fig. 14: SDS-PAGE gel showing lysine bands
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Isolation of auxotrophs: The Auxotrophs were
isolated after spreading chemically (ENU) mutated
samples onto the seed culture medium containing
methionine and threonine and on to the seed
culture medium without methionine and threonine.
Colonies that grow only on methionine and
threonine containing plates but not on plates
without methionine and threonine were considered
as auxotrophs. These auxotrophs were isolated
after several repeats and a reduced growth was
observed on the plates which were analyzed for
lysine production. (From Fig 6 to Fig 9)

Quantitative analysis:
Ninhydrin method: This method was used to
quantify lysine concentration in both mutated
samples and in the wild type strain of
Corynebacterium glutamicum MTCC 25069.

   Here y = absorbance at 440nm and x =
Concentration of lysine (g/l) (Fig. 11).

The concentration of lysine was calculated
and presented in Table 15:

Out of 24 mutants, only 13 (represented in
bold in the table) showed an increase in the lysine

yield, compared to the wild type strain which
is grown in the seed culture medium.

In both the sets A and B, the mutants
obtained by treating the cultures with ENU for 15
minutes showed higher lysine concentration
compared to the remaining samples.

In set A, the concentration of lysine has
increased only in A10 and A15 mutants. Whereas
in set B all the mutants showed an increase in
lysine yield except B0.

All the mutants of set C showed an increase
in the lysine concentration with the highest
maximum yield of 30.275g/l by C5 mutant. All the
mutants of set D showed a negative effect on the
mutants as there was no increase in the lysine
yield.

Graphs were plotted for each set of ENU
concentrations from the values obtained from the
Ninhydrin test (i.e., for 35mM,50mM,70mM, and
100mM).

From the (Fig. 16), it can be interpreted that,
at 35mM concentration of ENU, the mutant
sample treated for 15 minutes showed the highest
lysine concentration compared to the remaining
mutant samples.

From (Fig. 13), it can be inferred that the
mutant sample obtained by treating the wild type
strain with 50mM ENU for 15 minutes produced
the highest lysine concentration.

From the (Fig. 14), it can be interpreted that,
at 70mM concentration of ENU, the mutant
sample at 5 minutes showed the highest
maximum lysine concentration.

The mutant samples obtained by treating
the wild type strain with 100mM concentration of
ENU at different time periods showed different
concentrations of lysine, with the highest yield at
20minutes (Fig. 15).

SDS-PAGE: This method was performed to
confirm whether lysine is present in the mutated
sample and wild type strain.

At different concentrations of ENU, the
mutant samples producing the highest lysine
concentrations from each set were selected (i.e.,
A15, B15, C5, and D20).

In the above gel picture, the first two wells
are loaded with L-lysine (reference) and the
remaining wells are loaded with samples. After
staining and destaining of the gel, bands were
visible and they stand along the same line with
lysine and by comparing with the reference (L-
lysine) it can be inferred that lysine was present
in the mutant samples (Fig. 16).

Conclusion
 According to lysine production statistics in

2015, approximately 2.4 metric million tons of L-
lysine is required every year, but there is an
enormous shortage in the production of this amino
acid as only 2 million tons of L-lysine is produced
annually. Due to the increasing demand in the
world market for this amino acid, there is a growing
interest in the development and optimization in
the fermentative process of L-lysine production.
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 Of all the bacteria present, Corynebacterium
glutamicum is an industrially important
microorganism for the production of various amino
acids, hence it has been selected for this study.
Mutagenesis is carried out by using N Ethyl N
NitrosoUrea (ENU) which is one of the potent
alkylating chemical mutagens. (ENU) adds alkyl
groups (an Ethyl group in ENU) to many positions
on all four bases, mutagenesis is best correlated
with an addition to the oxygen at the 6th position
of guanine to create an O-6 alkylguanine. This
addition results in GC ’! AT transitions and would
lead to direct mispairing with thymine.

In this study, the bacterial culture conditions
were optimized and the maximum growth was
observed at 37p C, pH 7.4 for 72 hours. The
auxotrophic mutants were obtained by treating
the wild type bacterial strain with different
concentrations of ENU ( i.e. 35mM,50mM,70mM,
and 100mM) for different time periods (i.e 0, 5,
10, 15, 20 and 25 minutes). 13 out of 24 mutants
showed a significant difference in the yield and
productivity compared to the wild type strain.

The auxotrophic mutant treated with 70mM
ENU for 5 minutes showed the highest lysine
concentration of 30.2g/l.

From this, we can conclude that the
mutagenic effect of ENU was significant when cells
of Corynebacterium glutamicum MTCC 25069
were treated with 70mM concentration of ENU for
5 minutes.
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Abstract
     Silver nanoparticles were synthesized from
fractionated leaf extract in Hexane, Chloroform
and Water. Synthesis of AgNPs was confirmed
by change in color of leaf extract solution, followed
by confirming of reduction of silver ions in the leaf
extract by UV-Visible spectroscopy. The Surface
Plasmon resonance (SPR) peak was observed
from 400 to 450nm. The biosynthesized AgNPs
were characterized by dynamic light scattering
measurement (DLS), Zeta potential and
Transmission electron microscopy (TEM). The
XRD, Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD) analysis confirmed
the crystalline nature of AgNPs and the presence
of elemental silver. The size of the silver nano
particles ranged from 10-50nm and were spherical
in shape as found by DLS and TEM studies. The
synthesized AgNPs showed higher antioxidant
activity by DPPH assay as compared to the crude
leaf extract. Antibacterial activity was higher in
the synthesized AgNPs on observing the inhibition
zone of Gram positive and Gram Negative
bacteria.

Key words: AgNPs, Biosynthesis, Crystalline,
Phytochemicals,Zeta potential.

Introduction
     During the past decade production of Silver
nanoparticles (AgNPs) has gained wide exposure
due to its applications in different industries based
on the unique physical, chemical, optical and

biological properties of AgNPs. Biosynthesis of
AgNPs can be carried out by Microorganisms and
plant extracts or by physical and chemical
methods. In case of Microorganisms, the
synthesis is slow and time consuming, while in
Physical method high energy radiation, microwave
irradiation and inert gas condensation are used
which is expensive . Whereas in chemical methods
hazardous chemicals such as reductants,
stabilizers and organic solvents, are used. The
plant mediated biosynthesis of Silver
Nanoparticles using plant extracts as a source of
natural reductants has gained importance
because of its higher stability, easier preparation
procedure and no hazards to the environment as
compared to chemical methods. The small size
of AgNPs has paved the path to improve and gain
more importance in pharmacological applications,
electronics, optics, catalysis, food industry,
agriculture, and textile industry and water
treatment. Several studies have been carried out
on synthesis of silver nanoparticles from plant
extracts and it has been reported that the plant
species is one main factor responsible for
reduction of the silver ions. Apart from acting as
reductants, Plant extracts also help in capping
and stabilizing of nanoparticles (1).

Annona reticulata belongs to Annonaceae,
a very large family of plants which comprise about
120 genera and more than 2000 species (2).
Annona reticulata., is commonly known as
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Ramphal (Hindi), Ramasitapalam (Telugu),
Ramachita (Tamil), Manilanilam (Malayalam), and
Ramaphala (Kanada). It grows in tropical and
subtropical region. It is a small tree with a height
of seven to eight meters. Leaves of the plant are
membranous, lanceolate, oblong lanceolate,
acute, cuneate rounded at the base (3). It is a
large evergreen shrub or small tree, grown
commercially for its fruit.The leaves of A. reticulata
have great medicinal properties due to the
presence of phytochemicals like Annoreticuin,
Solamin, Dopamine, Coclaurine, Acetogenin,
Squamone (4). The leaves possess good
antioxidant and antimicrobial activity. It is a
medicinal plant used widely in ayurvedic system
of medicine for the treatment of several diseases
like dysentery, worm infections, hemorrhage,
constipation, dysuria, and ulcer (5). A. reticulata
possess various phytochemical constituents in
Stem, Leaf and Root. The plant is reported to
contain acetogenins which posses potential
anticancer and anti-inflammatory property (6).
Various plant parts like leaves, bark, seed and
root are medicinally useful and they show many
therapeutic activities as anticancer, CNS
depressant, analgesic, antihyperglycemic, anti-
inflammatory, antiproliferative, wound healing and
antiulcer activity (7). The root contains aporphine
alkaloids like liriodenine, norushinsunine, reticuline
and one acetogenin neoannonin(8).

     This is the first report of the biosynthesis of
AgNPs using different leaf extract fractions in polar
solvents like Hexane, Chloroform and Water. The
Phytochemicals fractionated with different polar
solvents of A.reticulata leaf were used to
synthesize AgNPs. The synthesized AgNPs were
characterized by UV-Vis spectroscopy, Dynamic
Light Scattering (DLS), Zeta sensitizer, Fourier
Transform Infrared spectroscopy (FTIR), X-ray
diffraction (XRD) and Transmission Electron
Microscopy (TEM). Various biological assays like
Antioxidant and Antibacterial activities were carried
out to evaluate their biomedical and
pharmacological applications of A.reticulata leaf
extract.

Materials and Methods
     Silver nitrate was purchased from Avra
synthesis Pvt.Ltd.,Nacharam, Hyderabad,
Telangana State, India. Fresh leaves of Annona
reticulata were collected from Mittapalem,
Srinivasamangapuram village, Tirupathi region,
Chittoor Disrict, Andhra Pradesh, India. The
harvested leaf sample was authenticated by Dr.
A. Mudhusudan Reddy, Assistant Professor,
Department of Botany, Yogi Vemana University,
Kadapa, Andhra Pradesh, India, and deposited in
the herbarium with a voucher specimen number
(AMR4855YVUH).

Preparation of Annona reticulata leaf powder:
A. reticulata leaves were thoroughly washed with
tap water, shade dried and then grounded into
smooth powder and then transferred to air tight
container and preserved at -20oC in darkness till
further use.
Extraction and fractionation of Annona
reticulata leaf extract with hexane, chloroform
and water : 500gm of A.reticulata leaf powder
was soaked in 1000ml of 90% methanol for 48
hrs on rotary shaker for agitation at 35oC. This
leaf extract was later filtered and extracted by
using Whatman filter paper No1. The filtrate was
then concentrated on a rotary evaporator (Hidolph
Germany make) at 35oC temperature and under
reduced pressure. This concentrated methanol
extract of A.reticulata leaf was referred to as Crude
(ArL Crude). The A. reticulata crude extract (ArL
Crude) was dissolved in 500ml of distilled water
and filtered to which 500ml of Hexane solvent was
added this was followed by vigorous shaking. The
layers were then allowed to separate by shaking
for 6hr in a separating funnel (9). The separated
hexane layer was collected and labelled as
Fraction 1 A. reticulata Leaf Hexane Extract (F1-
ArL HE). Similar procedure was followed and
repeated with Chloroform solvent and this extract
was labeled as Fraction 2 A.reticulata Leaf
Chloroform Extract (F2-ArL CE), and the remaining
aqueous extract was labeled as Fraction 3
A.reticulata Leaf Water Extract (F3- ArL WE).
Each of the fractions obtained were dried and
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concentrated by using Rota vapor. The
concentrated samples were collected into vials
and stored at -20ÚC until further use.

Biosynthesis of silver nanoparticles (AgNPs)
in fractionated A. reticulata leaf extracts :
100mg of all three fractions (hexane, chloroform
and water) of leaf extracts were taken separately
and added in individual flasks containing 100ml of
1mM AgNO3 aqueous solution and then incubated
in an oven at 80o C in darkness. This incubation
leads to reduction of silver ions to AgNPs after
24hrs in darkness. The change in the color of the
leaf extract fractions from green to dark brown in
color indicated the formation of Silver Nano
particles (10). The synthesized AgNPs in Hexane
fraction of leaf extract was labelled as A.reticulata
Leaf Hexane Extract AgNPs(ArL HE AgNPs ), the
synthesized AgNPs by chloroform extract was
labelled as A.reticulata Leaf Chloroform Extract
AgNPs(ArL CE AgNPs) and the synthesized
AgNPs by water extract was labelled as
A.reticulata Leaf Water Extract AgNPs (ArL WE
AgNPs) respectively.

Characterization of synthesized AgNPs of A.
reticulata leaf extract fractions : The reduction
of silver ions in silver nitrate solution by A.
reticulata leaf fractions was monitored by UV-
visible spectroscopy (UV-1800 Shimadzu Co.,
Japan) ranging from 200 to 800nm at resolution of
1nm (11)
     The particle size of the synthesized AgNPs
were determined by Dynamic Light Scattering
(DLS) technique and zeta potential was
determined by using Zetasizer (HORIBA scientific
sz-100) with a range of 0.1 to 10000nm at
scattering of angle of 90o and 25o. For diameter
measurement 1ml of sample was transferred to a
plastic cuvette, and automatically equilibrated for
2min. For zeta potential analysis, 1ml of the
sample was injected in to the zeta cell, and the
measurement was repeated thrice.

     The FTIR spectra analysis was carried out by
JASCO FTIR-4700  with a range of 399.193cm-1to
4000cm-1.The synthesized AgNPs after the

reaction were subjected to centrifugation at 10,000
rpm for 10min and then the precipitate was washed
with deionized water to eliminate the
uncoordinated biomolecules on the surface of
AgNPs. The final product was collected and dried
in a vacuum oven.

The X-ray diffraction (XRD) analysis of
biosynthesized AgNPs was performed on the X-
ray diffractometer (Brucker, D8 advance, Germany)
operated at a voltage of 40kV and a current of
30mA at a wave length of 1.5406A, at scattering
angle of 30o-80o range (12).

Transmission Electron Microscopy (TEM)
studies was performed at 100kV, to determine
the size and morphology of the biosynthesized
AgNPs. Thus was done by taking one drop of the
reaction mixture on silicon wafer and then the
sample was evaporated and dried completely for
further analysis.

Antioxidant assay (DPPH free radical
scavenging activity) : 1, 1-Diphenyl 1-2-
picrylhydrazyl (DPPH) free radical scavenging
potential of phytochemical fractions and AgNPs
of A. reticulata were evaluated by preparing 1mM
of DPPH in Methanol solution (13).
Phytochemicals of all fractions and AgNPs at
different concentrations (0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 0.9, and 1mg) were added to 1ml of
1mM of DPPH solution. The reactions was carried
out under dim light and incubated for 30min. The
change in the color of the reaction mixture from
purple to yellow was monitored and measured at
517nm. Ascorbic acid (Vitamin C) was used as
reference and methanol was taken as blank.

% of DPPH scavenged = (A ctrl – A test) / A ctrl x
100

A ctrl = Absorbance of the control reaction

A test = Absorbance of the test sample with DPPH

Antibacterial activity : The bacterial strains were
obtained from Institute of microbial Technology
(IMTEC), Chandigarh, India. The antibacterial
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assay was performed by disc diffusion method
(14) against pathogenic bacteria like
Staphylococcus aureus (MTCC-87)and Bacillus
subtilis (MTCC 10619) which are (Gram-positive)
and Salmonella ebony (MTCC 3384) and
Salmonella enteric (MTCC 3858) which are Gram-
negative bacteria.  The bacteria were cultured in
nutrient broth and kept for incubation at 35oC in
an rotary shaker for 24hr. After incubation, 100μl
of bacterial culture was uniformly spread on the
surface of the freshly prepared nutrient agar
petridishes with the help of sterile ‘L’ shaped glass
rod. Simultaneously presterilized  circular filter
paper discs with a diameter of 25mm are dipped
in  10μl of each sample leaf extracts with a
concentration of 1mg and were placed on the
surface of the bacterial plated petridish. Standard
antibiotic Ampicillin (1mg/ml) was used as a
positive control. Eventually the zone of inhibition
was measured after incubation time of 24hr at
37oC.

Results and Discussion
UV-Visible spectroscopy analysis: The initial
formation of AgNPs was monitored by change in
color of all leaf extracts samples in all three
solvents. The color was initially green and later

turned to dark brown (Fig.1).

The biosynthesized AgNPs exhibited a
strong absorption Surface Plasmon resonance
(SPR) band by UV visible spectral analysis as
shown in (Fig.2). The well-defined SPR absorption
at 446 nm, confirmed the synthesis of
ArLHEAgNPs (Fig 2.a). SPR absorption peak at
439 nm, confirmed the synthesis of ArLCEAgNPs
(Fig2.b) and SPR absorption peak  at 441 nm,
confirmed the synthesis of ArLWEAgNPs (Fig2
c).

Fig. 1: Synthesis of AgNPs in A.reticulata leaf
extracts in different solvents.

Fig. 2: UV–Vis absorption spectra of the
synthesized AgNPs by A.reticulata leaf extract

a. Leaf extract in Hexane
b.  Synthesis of AgNPs in Hexane extract
c. Leaf extract in Chloroform
d. Synthesis of AgNPs in Chloroform extract
e. Leaf extract in Water
f. Synthesis of AgNPs in Water extract

( 2.a) A.reticulata Hexane Extract AgNPs Shows
the SPR absorption peak at 446 nm.
(2.b) A.reticulata Chloroform Extract AgNPs
Shows the SPR absorption peak at 439 nm.
( 2.c) A.reticulata Water Extract AgNPs Shows
the SPR absorption peak at 441nm.

Determination of particle size by Dynamic Light
Scattering (DLS) analysis: The synthesized
AgNPs of A. reticulata Leaf extract was analyzed
by DLS to determine the partical size and
diameter.The average particle size is as shown in
Table.1 and Fig .3. The results have shown that
the average particle size of ArL HE AgNPs is
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Table. 1. The average particle size of biosynthesized AgNPs from A.reticulata leaf extract

S.No AgNPs of different solvent extracts Particle size

1. Hexane Extract AgNPs (ArL HE AgNPs) 14.1nm

2. Chloroform Extract AgNPs (ArL CE AgNPs) 2.3 nm

3. Water Extract AgNPs (ArL WE AgNPs) 6.8 nm

Table.2. The Zeta potential of AgNPs synthesized from fractionated A. reticulata leaf extract in
different solvents.

S.No AgNPs of different solvent extracts Zeta potentialin mv

1.  Hexane Extract AgNPs (ArL HE AgNPs) -28.0 mv

2. Chloroform Extract AgNPs (ArL CE AgNPs) -31.3 mv

3. Water Extract AgNPs (ArL WE AgNPs) -30 mv

Fig.  3. Particle size of AgNPs synthesized by fractionated A. reticulata leaf extract. (a) Hexane
Extract  AgNPs  (b) Chloroform Extract  AgNPs (c) Water Extract AgNPs.

Green synthesis of silver nanoparticles from Annona reticulata leaf extract
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14.1nm, ArL CE AgNPs is 2.3nm and particle size
of ArL WE is 6.8nm.

Zeta potential : The Zeta potential of the AgNPs
of A. reticulata leaf extract fractions in Hexane,
Chloroform and water was analyzed and is as
shown in Table.2 and Fig.4.(a,b,c) shows the
graphical representation of the Zeta potential. The
negatively charged Nanoparticles prevented the
agglomeration formation and lead to long term
stability of the nanoparticles. In this study the
synthesized AgNPs showed  very high value of
zeta potential and confirms the existence of

repulsive force among the particles thus increasing
the long term stability of the AgNPs.

FT-IR analysis : FT-IR analysis with synthesized
AgNPs in different solvents to investigate the
surface chemistry composition of AgNPs capped
by the biomolecules in Annona reticulata leaf
extract showed different peaks which is because
of different functional groups involved in the
synthesis and stabilization of AgNPs (Fig.5.a,b,c)
various functional groups involved in the formation
of AgNPs leaf extract in different solvents.

AgNps Sample FTIR peak Functional group Reference no
Different solvents (cm-1)

a. ArL HE AgNPs 3272.92 N–H stretching of amide II 15
(Hexane) 2941.98 –C–H stretching of –CH2 of Protein 16

2128.37 CC or CN triple bond 17
1618.19 C–C stretching 18
1328.06 C–O stretching/ O–H 19
1080.52 C–OH of the phenols 20

b. ArL CE AgNPs 3334.34 N–H stretching of the secondary
(chloroform) amide of the protein 21

2320.60 N–H/C–O stretching 22
2093.32 CC or CN triple bond 23
1608.74 C–O/aromaticC–C stretching 24
1337.04 C–O stretching/ O–H 25
1064.38 C–OH of the phenols 26

c. ArLWEAgNps(Water) 3300.43 N–H stretching of the
secondary amide ofthe protein 27

2914.47 –C–H stretching of –CH2 ofProtein 28
2320.90 N–H/C–O stretching 29
2128.37 CC or CN triple bond 30
1618.19 C–O/aromaticC–C stretching 31
1314.15 C–O stretching/ O–H 32

Table. 3. The various functional groups involved in the formation of AgNPs in different solvents
(a) Hexane extract  (b) Chloroform Extract and (c)  Water Extract.
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(a)  A.reticulata Hexane Extract AgNPs
(b) A.reticulata Chloroform Extract AgNPs
(c)  A.reticulata Water Extract AgNPs.
XRD Studies : The crystalline nature of the
biosynthesized AgNPs was confirmed by XRD
pattern as displayed in Fig. 6.  These patterns
revealed four diffraction peaks at the 2è values of
the three samples  at 38.31æ%, 44.58æ%, 64.71æ%,
77.71æ%, and 81.92æ%  .This could be indexed to
(111), (200), (220), (311), and (222)
crystallographic planes respectively. This
suggested that all the peaks of the prepared
AgNPs   corresponded to face-centered cubic
(FCC) lattice phase of silver and showed
consistency with the standard JCPDS (File No
04-0783) data.

Fig. 4. Zeta potential of AgNPs synthesized by fractionated A.reticulata leaf extract in different solvent.
(a) Hexane extract  AgNPs  (b) Chloroform Extract  AgNPs (c) Water extract AgNPs.

TEM Analysis : The TEM Micrographs revealed
the spherical morphology of all the AgNPs. The
AgNPs segregated based on their diameters
which ranged diameters ranging from 10nm-
100nm as seen in the (Fig.7).

Antioxidant activity (1, 1-Diphenyl-2-
picrylhydrazyl radical scavenging activity) :
Anti oxidant activity if different solvent fractions
(F1 ArL HE, F2 ArL CE and F3 ArL WE), of
A.reticulata leaf extract and its synthesized
AgNPs varied as in Table.4 and Fig.8. The best
antioxidant activity was observed at 1.0 mg conc.,
(97.84%) in AgNPs synthesized in water extract
and crude leaf water extract sample (97.516%).
Among all the synthesized AgNPs  in different
solvents, the lowest antioxidant activity was
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Fig. 5. Shows the various functional groups observed by the different peaks of AgNps Synthesized
by A. reticulata leaf extracts in different solvents.

Fig. 6. XRD pattern studies confirming the crystal nature of the AgNPs by showing the Braggs peaks
corresponding to(111), (200), (220) and (311) planes of (a) A.reticulata Hexane Extract AgNPs  (b)
A.reticulata Chloroform Extract AgNPs (c) A.reticulata Water Extract AgNPs.
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Fig. 7. Shows TEM micrograph of synthesized AgNPs in different solvent fractionated A.reticulata
Leaf extracts.(a) A.reticulata Hexane Extract AgNPs  (b) A.reticulata Chloroform Extract AgNPs (c)
A.reticulata Water Extract AgNPs.

Fig. 8. shows the graphical representation of antioxidant activity of fractionated A.reticulata leaf
extracts and its synthesized AgNPs.

Green synthesis of silver nanoparticles from Annona reticulata leaf extract
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Fig.  9. Showing the Zone of inhibition of A. reticulata fractionated leaf extracts and its synthesized
AgNPs towards the Gram positive and Gram negative bacteria

Sugunakar and Chandramati

observed in AgNPs synthesized in Hexane leaf
extract(84.34%). The antioxidant activity
increased with an increase in concentration of
leafextract . The lowest concentration used of leaf
extract in different solvents is (0.1mg). The hexane
extract (F1 fraction ) showed the least Antioxidant
activity (46.220%) and the highest antioxidant
activity in concentration (0.1mg) of water extract.
Synthesized AgNPs all the synthesized AgNPs

showed a better response (84.341, 90.280 &
97.840) as compared to the crude leaf extract
showed a steady increasing antioxidant activity
with increase in leaf sample concentration(0.1 to
1.0mg conc.,). The F3 fraction of A.reticulata leaf
extract in water and its synthesized AgNPs
antioxidant activity (97.516% and 97.840%) was
very near to the Ascorbic acid(98.920%).

Salmonella ebony (Gram
Negative Bacteria)

Plate – A Plate – B

Staphylococcus aureus
(Gram Positive Bacteria)

Plate – A Plate – B

Salmonella ebony
(Gram Negative Bacteria)

Plate – A Plate – B

Table.4: Showing the percentage DPPH radical scavenging activity of A. reticulatafractionated leaf
extracts and its synthesized AgNPs.

Conc.,of %of DPPH %of DPPH %of DPPH %of DPPH %of DPPH %of DPPH %of DPPH %of DPPH
Samplein Scavenged Scavenged by Scavenged Scavenged Scavenged Scavenged by ArLWE Scavenged
mg/ml byArLCrude  F1ArLHE by ArL HE by F2ArLCE by ArLCE  by F3ArL AgNps by Ascorbic

AgNps AgNPS WE Acid

0.1 90.064 46.220 51.619 51.349 55.021 94.816 96.328 96.328
0.2 90.604 51.943 61.339 55.561 58.747 95.194 96.436 96.436
0.3 91.306 57.667 63.067 58.747 62.635 95.788 96.814 96.814
0.4 91.576 62.742 66.792 65.604 69.600 96.382 96.922 96.922
0.5 92.170 67.008 71.436 71.652 73.596 96.706 97.138 97.138
0.6 92.926 72.408 73.002 77.807 80.075 96.814 97.192 97.192
0.7 93.088 73.002 75.647 78.617 84.287 97.030 97.300 97.300
0.8 94.006 76.727 80.021 81.479 85.529 97.300 97.354 97.354
0.9 94.168 78.347 83.369 83.909 88.768 97.354 97.570 98.110
1 94.330 82.235 84.341 85.745 90.280 97.516 97.840 98.920

ArL = Annonareticulata leaf, HE = Hexane extract, CE = Chloroform, WE = Water extract
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Anti-bacterial activity : After incubation period
for 24hr, growth (ZOI) was observed around discs
impregnated with AgNPs and leaf fractions.  Fig.9
shows the plating of bacteria with the test
samples. Plate a. with normal leaf fractions
Whereas plate b. with synthesized AgNPs and
Ampicillin against Gram positive and Gram-
negative bacteria. ArL WE AgNPs showed
Maximum ZOI  against Stephylococcus aureus
(5.43±0.08) , Salmonella abony(6.26±0.08),
Salmonella enteric (6.3±0.05). The results of
Antibacterial activity has shown that ArL WE
AgNPs showed  the highest activity against the
bacteria . he Zone of inhibition of samples were
measured and is shown in Table.5. It is clear from
the obtained results that the AgNPs showed a
higher antibacterial activity compared to the normal
plant extract samples.
Plate. a:  A. reticulata leaf extract fractions,

Plate.b: Synthesized AgNPs by A. reticulata leaf
extract fractions

Conclusion:
Plant mediated biosynthesis of silver

Nanoparticles was performed by using various
fractions of Annona reticulata.L leaf extract
fractionated by Hexane, Chloroform, and Water
solvents . It was found that various phytochemical
constituents of leaf extract were responsible for
the formation of AgNPs. The size, morphology,
crystalline nature and stability of AgNPs were
characterized by using advanced techiniques like
UV Visible spectroscopy, Dynamic light
scattering, zeta potential, FTIR, X-Ray diffraction
and Transmission electron microscope. The
synthesized AgNPs were spherical in shape with
size ranging 10 to 100nm, as observed in TEM
and XRD. Among three different fractions, aqueous
leaf extract fraction of A. reticulata has shown
good antioxidant and antibacterial activity. The
synthesized AgNPs have also shown enhanced
activity of phytoconstituents compared to the
normal leaf extract fractions due to the decrease
in the size of the particle and increase in the

Samples Stephylococcusaureus Salmonella Salmonella
(MTCC-87)  abony enteric

ZOI in (mm) (MTCC 3384) (MTCC 3858)
ZOI in (mm) ZOI in (mm)

ArL Crude 2.4±0.15 2.43±0.08 2.23±0.08
F1-ArL HE 3.3±0.05 4.2±0.05 3.3±0.05
F2-ArL CE 2.56± 0.14 3.26±0.03 4.3±0.05
F3-ArL WE 3.73±0.08 5.13±0.16 4.36±0.03
ArL HE AgNps 5.33±0.12 5.5±0.05 6.26±0.08
ArLCEAgNps 3.33±0.08 5.2±0.05 5.46±0.06
ArL WE AgNps 5.43±0.08 6.26±0.08 6.3±0.05
Ampicillin 6.73±0.12 8.16±0.08 7.63±0.08

Green synthesis of silver nanoparticles from Annona reticulata leaf extract

Table .5. Antibacterial activity of different extracts and their synthesized AgNPs against gram positive
and gram negative bacteria.

ZOI = Zone of Inhibition
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surface volume ratio. Thus, the study concluded
that plant mediated biosynthesis of AgNPs is a
cost effective and ecofriendly which would
establish its importance in biomedicine.
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Abstract
Natural products and associated

combination therapy have gained prominent role
in decreasing the adverse effects of synthetic
drugs engaged in the severity of colon cancer. D-
Limonene a dietary monoterpene and hispolon a
bioactive polyphenol proven to be anticancer
agents independently against several cancers. The
current study is designed to examine
complimentary anticancer effect of D-limonene-
hispolonconcoction in COLO-205 and HCT-116 cell
lines. Collectively, our cell viability, cell migration,
clonogenic tests and CompuSyn analysis results
exemplified that the combination of D-limonene
and hispolonnatural products eminently effective
against colon cancer cell lines.Gastric cancer
patients are reported to develop severe side effects
due to the currently available chemotherapy,our
combinational anticancer therapy bydietary
natural compounds would be highly beneficial to
the patients.

Key words: Colorectal cancer, D-limonene,
Hispolon.

Introduction
Misregulation of different biological pathways

resulted from the genetic mutations, infections,
environmental factors, etc., cause various
diseases in the body. One of such dreadful disease
is cancer, it is one of the major causes of mortality
despite immense research in the cancer therapy
and prevention worldwide [1]. Among all the
cancers reported, colorectal cancer grabs at most
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attention as this is 2nd leading cancer in
bothwomen and men[2]. Majority of colorectal
cancers (CRCs) are sporadic, while 10% of them
have genetic background. It is demonstrated that
the aberrations in Ras and PI3K signalling pathway
leads to development of CRC with enhanced risk
of tumor[3].Hence, essentially these multi
signalling pathways targeted with multidrug
combinations would be highly beneficial. Natural
compounds with anticancer activity and pleiotropic
properties are involved in better chemo preventive
and/or therapeutic alternatives [4].

A monoterpene natural compound D-
limonene with a lemon-like odor available in several
citrus oils like orange, lemon, lime, mandarin, and
grapefruit. The food companies have been using
D-limonene additives for flavor and fragrance. D-
limonene is also used by clinicians for dissolving
cholesterol containing gallstones [5], gastro
esophageal reflux disorders,to relieve heartburns,
and gastric acid neutralization in the stomach [6].
It is exemplified that D-limoneneis involved in
regulating many cellular targets in cancer cells
such as modulating chemical carcinogenesis,
immune modulation, apoptosis, and antioxidant
activity. D-limonene is an effective natural
compound in preventing the growth of numerous
cancer types including lymphomas [7], mammary
[8], gastric [9], liver [10], lung [11] and prostate
cancer [12] in preclinical cancer models.

Hispolon is a polyphenol isolated from various
fungal species such as Phellinus igniarius,
Phellinus linteus, and Inonotushispidus[13, 14,

Anticancer potential of D-limonene and hispolon against colon cancer cell lines
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15]. It isidentifiedas an effective natural compound
that show antiviral [16], hepatoprotective [17],
immunomodulatory [18] and anti-proliferative
activities [19, 20, 21] in different models. The role
of hispolan is also demonstrated in induction of
apoptosis, suppression of metastasis, and cell
cycle[22, 23, 24, 25]. In 2008, Wei chen et al.,
demonstrated the ability of hispolon against
gastric cancer and also demonstrated its reduced
cytotoxic effect on the normal cells [26].

In the current study, we investigated the role
of hispolon, D-limonene and the combination of
hispolon and D-limonene against the colon cancer
cell lines. Cell viability and cytotoxic assays
results demonstrated that the synergistic effect
of hispolon and D-limonene is shown significant
effect against the COLO-205 and HCT-116.

Materials and Methods
The human colon cancer cell lines HCT 116

and COLO 205 was gifted from Dr. Royal Suresh
(IIT, Chennai), RPMI 1640, McCoy’s 5a, Fetal
bovine serum (FBS) were purchased from GIBCO
Ltd (Life Technologies TM., Grand Island, NY).
MTT [3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide], Hispolon, D-Limonene were
purchased from Sigma (St. Louis, MO, USA).
Stocks were prepared in dimethyl sulfoxide
(DMSO) stored at -20ºC until use. All other
chemicals of analytical grade were purchased from
Sigma, USA.

Culturing and maintenance of COLO 205 and
HCT 116 cells : COLO 205 and HCT 116 Cells
were cultured respectively in RPMI 1640, McCoy’s
5a medium with 10% heat-inactivated Fetal-Bovine
Serum and 1% antibiotic solution (10,000 units of
Penicill in, 10 mg Streptomycin and 25ìg
amphotericin / ml). Cells were maintained at 37ºC
in an  incubator with 5% CO2.

Determination of cell viability : MTT assay is
used to determine the effect of hispolon and/or D-
limonene on the cell viability of colon cancer cells.
Concisely, cells were seeded at a density of 1 X
104 cells per well in 96-well plates and treated
either with D-limonene or hispolon and also with

their combinations, at specified concentrations
for 24 and 48 hr. For combination effects the cells
were treated with both the drugs concurrently as
well as sequentially. In concurrent treatment, first
the cells were treated with hispolon(10, 50, 100,
150, 200, 250, 300 μM) and D-limonene (100, 500,
1000, 1500, 2000, 2500, 3000 μM) separately and
in case of combinations D-limonene and hispolon
(1000+50, 1000+100, 1500+50, 1500+100) were
taken for 24 and 48hr continuously. Whereas in
sequential treatment, cells were pre-treated with
either D-limonene or Hispolon for 12hr, followed
by the exposure to the other agent for a total of
24 and 48hr. After that cells were incubated with
the MTT reagent (5 mg/ml in DMEM) for 3hr at
37o C, followed by solubilization of the formazan
crystals with DMSO for 10min on shaker.
Absorbance was measured at 570 nm using a
microplate analyzer (iMark Microplate Absorbance
Reader, BioRad) [27]. The percent cell viability
was calculated using the following

% Cell viability = OD of sample /OD of control X
100

In vitro scratch assay : In vitro scratch assays
are particularly appropriate for the cell migration
analysis in the cell biology. Cells were seeded at
a density of 5×104 in 6 well plates and the
monolayer of 80% confluent cells were treated for
48hr with hispolon, D-limonene and with their
combinations respectively. The concentration of
serum in the complete media was decreased to
diminish cell proliferation, but used sufficient
enough to prevent cell detachment and/or
apoptosis. After 48hr of treatment, themedium was
removed and a scratch was created with a sterile
p200 pipette tip and washed twice with 1X PBS
to remove floating cells and plates were incubated
after adding complete media with 5% FBS. Cell
migration was monitored by capturing images at
0, 24 and 48hr using a bright field microscope
(Olympus CX21FS1) [28]. Gap area was
measured relative to the total cell-covered area
with Wimasis image analysis software. The drug
treatment effect was measured by a reduction in
the % cell migration at each time interval compared
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to untreated control using the % Cell migration
formula; % Cell migration = (Scratch area at 0hr-
Scratch area at specific time point)/Scratch area
at 0h x100.

Clonogenic assay : The clonogenic assay is used
to determine the ability of a cell to proliferate
indefinitely, thereby retaining its reproductive ability
to form a large colony which is noticeable to the
naked eye. Cells were seeded (5×104) in 6-well
culture plates and treated with various doses of
drugs either single or in combination, as indicated
for 48hr. Then COLO 205 and HCT 116 cells were
trypsinised and approximately 100 cells were
seeded for each drug concentration into new and
fresh 6-well culture plates and incubated for
another 3 weeks with change of fresh media once
in three days. The Colonies were exposedto
glutaraldehyde (6% v/v) stained with crystal violet
(0.5% w/v) for 30 minutes and counted under a
microscope (Olympus CX21FS1) [29].

Analysis of combination effects : Further the
anticancer effect of Hispolonand D-limonene
combination in COLO-205 and HCT-116 cells were
analyzed using CompuSyn software [30] for
synergism, additive or antagonistic effects based
on Combination Index (CI). If the Combination
Index (CI) of more than 1 indicate antagonistic, CI
is equal to 1 indicate additive and CI is less then
to 1 indicate synergistic effect.

Statistical analysis : The obtained results are
presented here as the mean ± standard deviation
(SD) from three independent experiments.
Differences were evaluated by the one-way
analysis of variance (ANOVA) followed by
Dunnett’s multiple comparison test. The level of
significance was set at p 0.05.

Results and Discussion
Natural products are proven as most reliable

and effective sources for novel anticancer agents.
Prognostic utility of natural compoundsin
colorectal cancer are currently being investigated
[31]. In the current study we demonstrated the
synergistic effect of D-limonene and hispolon

anticancer activity against COLO-205 and HCT-
116 cancer cell lines.

The combinational effect of hispolon and D-
limonene was initially screened by its cell viability
using MTT assays. Cells were treated with
increasing doses of D-limonene and Hispolon (10-
300 ìM) for 24 & 48hr. Upon drug treatment, cells
exhibited significant difference in cell viability
compared to control (P<0.05). In dose and time
dependent manner both the drugs tested
individually and they inhibited the cell proliferation
(Fig. 1). Under these experimental conditions, the
calculated IC50 values in COLO-205 were at 1042
μM and 100 μM for D-limonene and hispolon
respectively; whereas in HCT- 116 the IC 50 values
for D-limonene and hispolon were at 1850 μM and
190 μM respectively. Both COLO 205 and HCT-
116 were treated with different combinations of
the drugs sequentially as well as simultaneously
added and cell viability was identified as described
before by MTT assay (27). The combination of
varying doses of D-limonene and hispolon
produced maximum antiproliferative activity at 48hr
when compared with the treatment of either agents
alone in both the cell lines. The combination of D-
limonene and hispolon (LIM+HIS) at a
concentration of 1500+100 produced highest
antiproliferative activity in COLO-205; whereas in
HCT-116 also the combination at a concentration
of 1500+100 showed highest activity (Fig. 2.A.D).
Antiproliferative effect was more when the cells
were exposed to both drugs simultaneously than
sequential treatment (84% vs. 70% or 65% for
COLO-205: Fig. 2. A.B.C) and (86% vs. 68% or
62% for HCT-116: Fig. 2.D.E.F).

Effect of D-limonene and hispolon on cell
migration : The cell migration experiments were
conducted to study the synergistic effect of D-
limonene and hispolon in COLO-205 & HCT-116
cell lines (Fig. 3.A.B). Lower doses of D-limonene
(250, 500 μM) and hispolon (25, 50 μM) and their
possible combinations were chosen for the study
to minimize the cytotoxicity. In control group cell
migration into the scratch was 100% in 48hr
resulting complete closure of the gap, whereas

Anticancer potential of D-limonene and hispolon against colon cancer cell lines
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Fig. 1. Effect of D-limonene and hispolon on cell viability showing the effect of D-limonene and
hispolon on cell viability in COLO-205 (A,B); HCT-116 (C,D) CRC cell lines. Cells were treated for 24
& 48 hr and viability was determined by MTT. Data were expressed as mean ± SD (n=3). *p < 0.05.

Fig. 2. Effect of D-limonene and hispolon combination on cell viability. Combination effect of D-
limonene (LIM) and hispolon (HIS) on anti-proliferative activity in COLO-205 & HCT-116 cells. A.D:
Cells were treated with D-limonene in combination with hispolon at the same time. B.E: Cells were
pre-treated with D-limonene for 12hr followed by exposure to hispolon. C.F: Cells were pre-treated
with hispolon for 12hr followed by exposure to D-limonene. Cells were treated for a total of 24 & 48hr
and viability was determined by MTT. Data were expressed as mean ± SD (n=3). *p < 0.05.
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drug treatment alone or in combination caused a
significant inhibition of cell migration in both the
cell lines (P<0.05). The maximum inhibition of %
cell migration observed at 48hr was 63.65, 59.45

in COLO-205 and HCT-116 cells respectively at
the highest concentration of LIM+HIS (500+50 μM).

Combination of D-limonene and hispolon

Fig. 3.D-limonene and hispolon inhibits cell migration. Effect of D-limonene and hispolon combinations
on cell migration in COLO-205 (A); HCT-116 (B) cell lines. Cells were treated for 48hr and scratch
images were captured at 0, 24 and 48hr and analyzed as described in materials and methods. The
percent cell migration was expressed as mean ± SD (n=3). *p < 0.05

Fig. 4. D-limonene and hispolon inhibits colony formation. Effect of D-limonene and hispolon
combinations on colony formation of COLO-205 and HCT-116 cell lines. A: The percent inhibition of
colony formation at different drug combinations expressed relative to untreated cell control considering
as zero; B: Images of colonies that were stained with 0.5% crystal violet reagent. The data were
expressed as mean ± SD (n=3). *p < 0.05.

Anticancer potential of D-limonene and hispolon against colon cancer cell lines
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inhibits colony formation : Clonogenic assay
was performed to study the effects of D-limonene
(250, 500 μM), hispolon (25, 50 μM) and their
combinations (Fig. 4.A). Represent images of the
assay were shown in (Fig. 4.B). Both the drugs
at high concentrations resulted a significant
inhibition of colony formation (%) compared to
control (P<0.05). Drug combinations were more
effective than either of the drugs alone. LIM+HIS
at high concentration (500+50) showed maximum
inhibition of 53.66; 51.76 in COLO-205 & HCT-
116 cells respectively.

Assessment of synergistic anticancer activity
of D-limonene and hispolon : CompuSyn
software (32) Drug combinations was analyzed

by CompuSyn software and CI values were
generated to determine synergy, additive or
antagonistic effects. LIM+HIS on cell viability was
strongly synergistic (CI<1) at 1000+50; 1000+100
in COLO-205 when the drugs were exposed at
the same time. In HCT-116 also at 1500+50;
1500+100 produced strong synergism in the same
format. In case of pretreatment formats all the
combinations were shown to be antagonistic (CI
Ã1) in both the cell lines (Table 1.A). In COLO-
205 the combination shows strong synergism on
inhibition of cell migration at 250+50; 500+25 and
500+50; whereas it shows a weak synergistic
interaction on colony formation at the dose of
500+25. However, in HCT-116 the combination at
500+25; 500+50 produced strong synergism on

Table 1. Combination Index (CI) values of D-limonene and hispolon combination effect on COLO-
205 and HCT-116 cell lines A: Effect of combination treatment on anti-proliferative activity. Cells were
treated with the drug combination simultaneously as well as sequentially as described in material &
methods. B: Effect on cell migration and colony formation. Synergistic interaction is determined if
CI<1, an additive interaction if CI=1 and antagonistic if CI >1.
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inhibition of cell migration and clonogenic ability
(Table 1). Together our results demonstrated that
the combination treatments of hispolon and D-
limonene was more significant than the
independent drug treatment. It is also evident from
our results that exposure of both drugs at the same
time was more effective than pre-treatment format.
Results confirmed that COLO- 205 cells are more
sensitive to anticancer activity of the hispolon and
D-limonene.

Conclusion
In conclusion, overall our results revealed

that the combination treatment of hispolon and
D-limonene elicits synergistic anticancer effect
in colon cancer cell lines (COLO-205 and HCT-
116).These kind of combined natural compound
treatmentsmay have further clinical utility for
treating colon cancer, however the current findings
requireadditional experimental evidence to identify
anticancer effects of hispolon and D-limonene
combinations in different cancer cell lines.Here
we suggest that present study may be valuable
to identify potential anticancer compounds and
this kind of efficacious natural drugsas dietary
products wouldhelp to combat against dreadful
human diseaseswithout side effects.
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Effect of sample buffer composition and pH on LMW impurities analysis

Abstract
Product and process related impurities of

biopharmaceuticals have serious implications on
product safety and efficacy in clinical use. Low
molecular weight (LMW) impurities are generated
during process and stability studies are routinely
analyzed using non-reducing capillary
electrophoresis with SDS during different stages
of product development and release. The current
sample processing methodology with heat
denaturation is known to induce fragmentation and
interfere with the LMW impurity analysis. In this
study, we compared different sample processing
buffers with different compositions and pH and
finally found a solution to the problem of sample
artifacts generated during heat denaturation step
of sample processing which interferes with the
LMW impurity analysis by CE-SDS method. We
compared three sample buffers (100 mM Tris-Cl,
25mM Citrate and 25mM citrate with Urea) in for
their ability to maintain product integrity during
sample processing at different pH and
temperatures in the non-reducing CE-SDS
analysis. This study suggests that, the sample
processing with 25mM citrate with 8M Urea sample
processing buffer does not require heat
denaturation at higher temperatures and hence is
the most appropriate buffer for sample processing
in the LMW impurity analysis.  The 25mM Citrate
+ 8M Urea buffer has shown better drug product
stability and integrity compared to other buffers.

Hence, we recommend the 25mM Citrate buffer
with 8M Urea for sample processing in LMW
impurity analysis by CE-SDS method.

Keywords: Sample buffer, capillary
electrophoresis, anti-CD20 monoclonal antibody,
pH, Low molecular weight impurities

Introduction
Therapeutic monoclonal antibodies (mAbs),

which are produced with recombinant DNA
technology constitute for majority of bio-
pharmaceutical  approvals in recent times (1).
Therapeutic mAbs are commonly produced in the
cells of murine/mammalian origin and their
purification involves a variety of chromatography
and filtration steps in the harsh conditions which
may influence the structural and functional integrity
of the antibodies and may generate process and
product related impurities. Hence, the purity and
quality of these antibodies is utmost critical for
them to be used in the patients. To ascertain the
purity of these antibodies, the process and product
development as well as product release involves
full structural and functional characterization using
a battery of analytical methods. Analytical
characterization of purity is crucial for the safety
and efficacy of therapeutic monoclonal antibodies
and for their commercial release (2). Testing the
monoclonal antibody drug products for their
stability is an important parameter for evaluating
the product shelf life and is also a regulatory
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requirement. The product related impurities such
as high and low molecular weight impurities and
process related impurities must be well
characterized and analyzed during in-process,
stability and lot release stages of therapeutic mAb
production. Most importantly stability studies at
high temperature induce product degradation and
these low molecular weight impurities such as
degradation products of therapeutic mAbs must
be thoroughly characterized.

High performance size exclusion
chromatography (HP-SEC) is a commonly
employed method for protein characterization
based on its molecular weight (3). However, HP-
SEC is low in sensitivity and resolving power for
low molecular weight species. The other method,
SDS-PAGE although has better sensitivity, it has
some limitations such as manual operation, long
run time, and inaccurate quantification (4). Non-
reducing capillary electrophoresis- SDS (Non-
reducing CE-SDS) is considered one of the best
method to analyze low molecular weight impurities
in therapeutic monoclonal antibody samples.
Because of its automation, quantitative nature,
capillary electrophoresis (CE) technology is the
new bench mark for therapeutic antibody-purity
analysis.

In the biopharmaceutical industry, currently
CE-SDS is applied at all stages of the product
development, which includes analysis of structural
isoforms, analysis of size variants, carbohydrate
occupancy, and in process development, and
product release (5-8). For the product degradation
or stability analysis, non-reducing CE-SDS is the
most preferred method, which offer great aptitude
of low molecular weight impurities detection. In
the non-reduced CE-SDS analysis, the native
protein is treated with SDS prior to CE separation
to mask the protein native charges (9).

Sample processing and the choice of
sample processing buffers are the most critical
factors in the CE-SDS based impurity analysis
as sample preparation itself known to induce
antibody fragmentation and contribute to the

increased LMW impurities in the samples (10,11).
Some studies have also reported that the free
sulfhydryl groups in the antibody itself induce
disulfide bond catalysis, resulting in increased
antibody degradation. To arrest the antibody
degradation, some studies have suggested the
addition of alkylating agents to the CE-SDS
sample buffer to prevent artifacts generated due
to harsh sample processing which involves heat
denaturation and alkaline conditions of buffer (10-
14). These alkylating agents have minimal impact
on the sample artifacts generated due to heat
denaturation as samples with constant
concentration of Iodoacetamide (IAM) has shown
lesser fragmentation at lower temperatures
compared to the samples incubated at higher
temperatures (15).Hence, heat induced antibody
fragmentation and generation of low molecular
weight (LMW) impurities during sample
processing interferes with the CE-SDS based
LMW impurity analysis and pose a greater
challenge for non-reducing CE-SDS to be used in
the analysis of low molecular weight impurities.
Avoiding the sample artifacts during sample
processing is highly recommended for accurate
analysis of low molecular weight impurities.
Unfortunately, with the existing sample processing
buffers this cannot be achieved completely. Zhang
et al. (16) used Citrate buffer in the pH range of
5.5 to 6.5 for sample processing to minimize
sample artifacts. However, they are only
marginally successful, because still heating at
high temperature (65°C) is required and heating
is known induce fragmentation. The only solution
is to achieve effective sample processing at lower
temperatures with pH maintained around neutral
conditions. In this study we used Urea in
combination with Citrate buffer with pH 6 to achieve
good separation with lesser degradation products.

Materials and Methods

Preparation of reagents and buffers: The Tris-
Cl sample buffer containing 100 mM Tris-Cl and
1%SDS with pH 9 was prepared by dissolving
605 mg of Tris base and 0.5 gm of SDS in 50 ml
water for injection (WFI) and pH was adjusted
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using 1N HCl. The 25mM Citrate phosphate
sample buffer pH was prepared as per previous
literature (16). The 25mM citrate + 8M Urea buffer
was prepared by dissolving 48 gm of Urea in 100ml
25mM citrate sample buffer with pH 6. The
alkylating agent, 250 mM IAM was prepared by
dissolving 23 mg of Iodoacetamide in 500 μl of
filtered WFI. The other reagents like SDS-MW
Gel buffer and 10kDa internal marker was prepared
as per manufacturers recommendations.

Preparation of monoclonal antibody samples:
Both the reference standard (Reference Medicinal
Product from innovator) and the test samples were
treated simultaneously. Test samples were
processed in duplicates and injected individually
while the standard was processed as singlet and
injected in duplicates. The standards and test
samples were diluted to 1 mg/ml with filtered WFI
from the nominal concentration. To 45 μl aliquots
of standard and test samples 50 μl of sample
buffer, 2 μl of 10 kDa internal marker and 5 μl of
250 mM IAA solution were added and mixed
thoroughly by vortexing in Eppendorf tubes
followed by centrifugation at 300 g for 1 min at
25°C. The samples and standard were incubated
at the respective temperatures (at 70°C and 90°C
as per the experimental protocol) for 10 minutes
followed by centrifugation at 300 g for 1 min at
25°C and taken 100 μl aliquots of samples and
standard. The anti-CD20 mAb (Chimeric) sample
and other anti-VEGF (Humanized) and anti-Her2
(humanized) mAbs samples (1 mg/ml) were
incubated with 50 μl of Tris-Cl buffer pH 9, Citrate
buffer pH 6 and Citrate buffer with 8M Urea pH 6
were processed as mentioned previously.

Non-reducing capillary electrophoresis –
sodium dodecyl sulfate (NR CE-SDS): Capillary
electrophoresis system (PA 800 plus) from
Beckman coulter with bare fused silica capillary
(Total length – 30.2 cm, Effective length – 20.2
cm, Inner diameter – 50 μm, Outer diameter –
375 μm) containing Photodiode array (PDA)
detector was used for performing all the
experiments. Reagents were aliquoted into the
vials and were placed in the inlet and outlet trays.

The Inlet and outlet and sample trays were placed
on the arms of the instrument. Capillary cartridge
was installed and method was created as per
manufacturer’s recommendation. System
suitability was tested using reference standard
and bracketing reference standard. Standard and
samples (0.5mg/ml) were injected in duplicates
with 7 kV voltage for 30 seconds. During
separation, a voltage of 15kV with reverse polarity
maximum current of 300μA was applied. The PDA
detector was set with electropherogram channel
1 wavelength of 214nm and channel 2 wave length
of 220nm and reference channel wavelength of
350nm containing band width of 10nm and the
sampling rate of 2Hz for data collection. All
experiments were carried with bare fuse silica
capillaries and the capillary temperature was
maintained at 25°C throughout the experiments.
All the calculations were performed using
corrected peak areas and migration times.

Capillary preconditioning: All the new capillaries
were preconditioned through a rinse procedure
starting with 0.1N NaOH for 10 min for cleaning
the capillary surface, 0.1N HCl for 5min for
neutralizing the capillary surface, water for 5min
for removing the residual acid, using 20 psi
pressure.  A voltage of “15 kV was applied with
reverse polarity to the capillary filled with running
buffer for 5 min after the rinse.

Results and Discussion
Effect of heating, sample buffer composition
and pH on the LMW profile of anti-CD20
monoclonal antibody: We found significant
additional degradation induced by Heating in anti-
CD20 mAb samples at 90°C compared to 70°C
(Fig. 1 a & b). The sample preparation involving
heat denaturation is contributing to the increased
low molecular weight impurities, which are
interfering the analysis. Interestingly, we found that
the increased degradation at higher temperature
(90°C) was primarily due to higher pH. The Tris-Cl
buffer with pH 6 shown lesser degradation
products and more intact mAb portion at both the
temperatures (Fig.1 a & b). Zhang et al.16 also
observed the similar results with undisclosed

Effect of sample buffer composition and pH on LMW impurities analysis
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antibody, and our results second their results. We
have also evaluated the effect of Tris-Cl buffer pH
(6 to 9) on LMWs% and intact mAb peak area (A
%) at 70 °C for 10 mins incubation time. We found
that the degradation pattern is linear in the range
of pH 9 to 7 with intact mAb A% increased and
LMW% decreased with decrease in pH proves
that pH independently effect the product
degradation during denaturation procedure
(supplementary data set 1).

Although, Zhang et al. (16) reported the
citrate buffer pH 6 shown better intact mAb peak
area, they have not disclosed the antibody. Our
results specifically suggested that, the
temperature has a significant impact on
fragmentation of anti-CD20 chimeric antibody, only
at higher pH. Since, the Tris-Cl buffer with pH 6 is
not stable for analysis, we tested the 25mM Citrate
phosphate buffer with pH 6 for further experiments.
We also compared the degradation profiles
(LMWs) of both Chimeric and Humanized
monoclonal antibodies in both 25 mM Citrate

phosphate buffer and 100mM Tris-Cl buffer at 70°C
and 90°C temperatures. To find whether the
observed effect is mAb specific, we have also
evaluated the effect of sample buffer and its pH
on different therapeutic monoclonal antibodies
with different engineering patterns such as
chimeric and humanized antibodies at both the
temperatures. Although both mAbs have exhibited
more degradation in Tris-Cl buffer compared to
citrate buffer, the extent of degradation was more
in case of chimeric anti-CD20 monoclonal
antibody suggesting antibody type may also
influence the extent of degradation at both the
temperatures (Fig. 2 a & b). The addition of
alkylating agent IAM does not seem to have much
effect on the heat induced degradation of anti-
CD20 monoclonal antibody, as we observed similar
LMW profile in with and without IAM (data not
shown). Zhu et al. (15) also reported that the
alkylating agents have minimal effect on
fragmentation due to the variations in incubation
times and concentration of IAM and due to variation
in heating times of samples (15).

Bala et al

Table 1. Comparison of Degradation profile of three different antibodies in all three buffers

Chimeric anti-CD20 Humanized anti-VEGF mAb    Humanized anti-HER2 mAb
mAb mAb      mAb

Citrate Citrate Citrate
Buffer Tris-Cl Citrate Buffer, Tris-Cl Citrate Buffer, Tris-Cl Citrate Buffer,

Buffe, Buffer, pH 6.0 Buffe, Buffer, pH 6.0 Buffer, Buffer, pH 6.0
pH 9.0 pH 6.0 + 8M Urea pH 9.0 pH 6.0 + 8M Urea pH 6.0 pH 6.0 + 8M Urea

Time 10 min. 10 min. 10 min. 10 min. 10 min. 10 min. 10 min. 10 min. 10 min.
Temp. 70 °C 70 °C 37 °C 70 °C 70 °C 37 °C 70 °C 70 °C 37 °C
LC 2.1 0.77 0.49 0.38 0.35 0.29 0.39 0.23 0.15
HC 0.14 0.14 0.11 0.16 0.15 0.13 0.04 0 0
1H1L 0.41 0.42 0.39 0.12 0.12 0.11 0.06 0.06 0.02
2HC 1.25 1.95 1.86 0.71 1.51 1.21 0.61 1.11 1.05
2H1L 5.59 1.95 1.55 0.94 0.73 0.62 0.71 0.23 0.17
Intact mAb 90.3 94.48 95.32 97.4 96.88 97.5 97.81 98.03 98.44

*LC – Light chain, HC – Heavy chain, 1H1L – 1 heavy and 1 Light chain, 2HC – 2 Heavy chains, 2H1L
– 2 Heavy chains and 1 Light chains
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Fig. 2a & 2b. Effect of sample buffer on product degradation profile of two different therapeutic
monoclonal antibodies

Fig. 1a & 1b. Effect of temperature and pH on product degradation profile in the Tris-Cl buffer
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Urea as  denaturing agent  in  sample
preparation:  Since, we observed heat
denaturation increase the product degradation
further and interferes with the analysis of inherent
LMWs, we have evaluated the possibility of
substituting heat denaturation with chemical
denaturation using chaiotropic agents such as
Urea. The samples were incubated with 25 mM
Citrate phosphate Buffer containing 8M Urea (pH
6.0) at 37°C for 10 mins and compared with the
samples subjected to routine heat denaturation
at 70°C for 10 minutes in both Tris-Cl and Citrate
buffers. We found the addition of urea to the citrate
buffer marginally decreased the product
degradation further at 37°C and improved the intact
mAb peak area percentage at lower temperatures
suggesting that Citrate buffer with Urea is better
alternative to the Citrate buffer and Tris-Cl buffers
which require heat denaturation during sample
processing. However, Urea concentration (range
4 to 10M) does not seems to have any effect on
degradation profile (See supplementary data set
2). This suggests the heat denaturation can be

replaced by chemical denaturation with Urea for
the analysis of LMW impurities by non-reducing
CE-SDS. These results suggests that, the
chemical denaturation by Urea has exhibited the
similar resolving power and separation with better
product integrity at 37°C compared to the 25mM
Citrate buffer and Tris-Cl buffer run at 70°C.

Batch to batch variation of anti-CD20 chimeric
mAb product degradation in all three buffers:
We have compared this effect using the anti-CD20
monoclonal antibody product of innovator and in-
house generated anti-CD20 antibody and found
that the rate of degradation is more in the in-house
generated antibody which may be attributed to
quantity of other critical quality attributes of the
antibody which may have an effect on the
degradation profile (Fig. 3 a & b).

Variation in degradation profile of different
antibodies with all three buffers: All three buffers
including Citrate buffer containing urea are
compared with three different classes of antibody
such as chimeric, humanized and fully human

Bala et al

Fig. 3a & 3b. Batch to batch variation of product degradation in anti-CD20 mAb samples
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antibodies. All three antibodies shown better intact
mAb A% in Citrate buffer with Urea and the extent
of degradation was more in the case of chimeric
anti-CD20 monoclonal antibody compared to the
other two antibodies (Table 1) (Fig. 4 a, b & c).
The peak heights in Citrate Buffer and Citrate Buffer
with urea are nearly half when compared to Tris-
Cl Buffer, which may be due to the conductivity
variations in the buffers. The amount of protein
entering the capillary is less due to conductivity
and ionic strength of buffer. However, these
variations does not show any effect on the results
(data not shown). We found, the peaks
irrespective of their molecular weight enter the

capillary in a similar fashion both in both Tris-Cl
buffer and Citrate Buffer.

Evaluation of urea sample preparation: We have
also evaluated the role of Urea concentration (4,
6, 8 and 10 M) and incubation times (0, 5, 10, 15
min) at 37 °C and found that there is no significant
impact of Urea concentration and incubation times
in the specified ranges on the product degradation
profile. However, we have observed base line drift
and decreasing peak heights with increasing
molarity of urea. IAM peak was not observed in
samples treated with urea buffer.

Conclusion
Sample buffer composition, Temperature and

pH affects the product degradation of therapeutic
monoclonal antibodies. Antibodies with different
engineering patterns such as chimeric and
humanized show variations in the product
degradation with chimeric having the highest
degradation and humanized with low degradation
profiles. The 25mM citrate sample buffer containing
8M urea is the most appropriate buffer for sample
processing for LMW impurity analysis by CE-SDS
method as heat denaturation step is not required
for this buffer and hence the sample artifacts
generated during heat denaturation which
interferes with the LMW impurity analysis can be
avoided with this buffer.
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Abstract
Haloalkaliphilic bacterium producing a

pectinase was isolated from the Sambhar soda
lake, Rajasthan, India. Chemical composition of
water sample was analyzed. Pectinase production
was studied in submerged fermentation, an
appropriate medium for the growth and production
was orange peel powder. The bacterium was gram
negative and identified as Halomonas
pantellerinsis strain SSL8 using biochemical tests
and 16S rRNA sequencing. It was able to grow
and produced pectinase that was stable and active
at high pH, temperature and high NaCl
concentration. Maximum pectinase production
from isolate was observed after 120hr of incubation
(0.70U/mL). The maximum pectinase activity was
found at 9 pH (0.79U/mL), 40oC Temperature
(0.70U/mL) and 10% NaCl concentration (0.85U/
mL). Partially purified pectinase enzyme was used
for the fruit juice extraction and clarification.

Keywords: Haloalkaliphilic, Halomonas
pantellerinsis, Sambhar lake, orange peel powder,
Pectinase

Introduction
Pectinase constitute a unique group of

enzymes which catalyze the degradation of pectic
polymers present in the plant cell walls.
Pectinases are commercially used in many
processes and nearly 25% of the global enzymes
sales are attributed to pectinases (1, 2).

In the industrial sector, acidic pectinases
are used in the production and clarification of fruit
juices, in maceration and solubilization of fruit
pulps whereas alkaline pectinases are finding
immense use in the degumming of ramie fibers
retting of flax, textile processing, coffee and tea
fermentations, paper and pulp industry, and in oil
extraction (3). Pectinases are produced by many
organisms such as bacteria, fungi, yeasts,
insects, nematodes, protozoa and plants. A
quarter of the global food enzymes sale is met
with microbial pectinases. Although the major
sources of acidic pectinases are fungi, alkaline
pectinases are produced from alkaliphilic bacteria
(4)

The present paper describes isolation and
identification of a haloalkaliphilic Halomonas
pantellerinsis strain SSL8 from the hypersaline
Sambhar Lake and production of extracellular
haloalkaliphilic pectinase from such fruits and
vegetable waste to minimize the cost by the
selected isolate.

Material and Methods
Site description and sample collection:  The
Sambhar Lake is the largest inland saline lake
located in Thar Desert of Rajasthan, India (26o

52’- 27 o 2’ N, 74 o 53’- 75 o 13’E) (Fig. 1). It is an
elliptical and shallow lake, with the maximum
length of 22.5 km. The width of the lake ranges
from 3.2 km to 11.2 km. The total catchments
area of the lake is 7560 km2, most of which lies to
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the north and northeast. The lake has occupied
an area of about approximately 225 Sq. Km and
average depth of water is about 1 m whereas the
maximum depth is about 3m (5, 6, 7). The surface
(SU) and Sediment (SD) water samples were
collected from four sampling stations located in
main lake and salt pans towards Sambhar Lake
city. Samples were collected in presterilized bottles
in post-monsoon, season.  The samples collected
from each station were average of ten samples
spanning the whole sampling point.

Abiotic characterization of water: The
parameters  like Temperature, pH were measured
at the time of sampling by using Digital
Thermometer and Digital pen pH meter
respectively. Samples were transported to
laboratory in cold box. The samples were filtered
and stored in refrigerator during investigation (8).

Various physicochemical parameters were
determined for both the samples individually. TS,
TDS, TSS were analyzed according to procedures
described in APHA. The salinity was measured
by using Refractometer (Erma, Tokyo). The
dissolved oxygen content (DO) was determined
by azide modification method, Biological oxygen
demand (BOD) and chemical oxygen demand
(COD) were determined by potassium dichromate
oxidation method. Chloride was determined by
argentometric and sulphate by gravimetric
methods. Sodium and potassium were measured
directly using the flame photometer (Model Elico
CL 361). Carbonates and bicarbonates were
measured titrimetrically. Calcium and magnesium
were determined by EDTA titrimetric method. Metal
ions like Fe, Mn, Zn, As, Cr, Pb, Cu, and Cd were
directly analyzed by atomic absorption
spectrophotometer. (Model S2 Thermo- USA) (9,
10).

Enrichment, Isolation and cultivations of
haloalkaliphiles: The 5ml water and Brine sample
was inoculated into nine different media such as
Alkaliphilic media at pH- 10.0,[A], Marine agar
pH- 10.5 [MA], Nutrient broth at pH- 10.5 [ANA]
with 30 % sodium chloride, Halophilic medium

[H], modified Horikoshi II medium [H II], Synthetic
Sea water medium[S], Alkaline peptone water
[AP], Alkaline Bacillus medium (AB) and Tindal’s
medium [T].. Inoculated media flasks were
incubated in shaking incubator for 8 days at 30oC
temperature and 150 rpm speed. Incubated
samples were further inoculated on respective
agar plates.  Inoculated agar plates were incubated
for 15-20 days at 30oC temperature (11-14).

Screening of isolates for efficient pectinase
producer:  Isolates were tested qualitatively by
growing the culture on modified alkaliphilic pectin
agar medium followed by observing zone of
hydrolysis around colonies. After incubation the
plates were flooded with Iodine-potassium iodide
solution (0.3 % iodine, 0.6 % potassium iodide
solution) to enhance the clarity of zone.  The
isolate showing largest zone was selected for
further production (2, 15, 16)
Identification of selected strain of the
bacterium:  Selected isolate was subjected to
morphological and Biochemical observation.
Sugar utilization pattern of selected isolate was
determined using glucose, galactose, mannose,
arabinose, fructose, ribose and lactose. Enzyme
utilization profile was determined using starch,
casein, gelatin, pectin substrates (17).

DNA extraction, amplification and 16S rRNA
sequencing: 16S rRNA analysis was performed
by extracting DNA of isolates. For DNA extraction
isolates were suspended in an extraction buffer
(10 mM Tris HCL, pH 8.0; 1 mM EDTA, pH 8.0).
Proteinase K solution was added to a final
concentration of 100 ug/ml and incubated at 55°C
for 2 h with continuous shaking. 0.5 M NaCl was
added and incubated at 72°C for 30 min. DNA was
extracted by phenol–chloroform extraction. DNA
was washed with 70% ethanol and dissolved in
Tris–EDTA buffer (pH 8.0). Extracted DNA was
analyzed by electrophoresis on a 1% agarose gel
and visualized by ethidium bromide staining (18)

The amplification of 16S rRNA fragments
were performed by using (PCR) thermocycler,
(Eppendorf) with 530F (52  GTGCCAGC
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AGCCGCGG 32) and 1392R (52  ACGGG CGGTG
T GTAC 32 ) primer pair. The PCR reaction mixture
contained 1.5 mM MgCl2, 200 uM dNTP mixture
and 0.3 μM of each primer and 1 U of Taq DNA
polymerase with a reaction mixture supplied by
the manufacturer in a total volume of 100 μl.
Reaction mixture was first denatured at 94°C for
3 min, followed denaturation at 94°C for 30 s,
annealing at 52°C for 30 s and extension at 72°C
for 1 min. Amplification was completed by a final
extension step at 72°C for 7 min reaction was
carried out for 30 cycles. PCR products were run
on a 1% agarose gel. PCR products were purified
by the PEG/NaCl method (19) and directly
sequenced using Applied Biosystem model 3730
DNA analyzer (Foster, California, USA). The 16S
rRNA sequences were initially analyzed using
BLAST program (www.ncbi.nlm.nih.gov/blast/
blast.cgi). Multiple sequence alignments of
approximately 800 base pair sequences were
performed using CLUSTALW2 program version 2.1.
Phylogenetic tree was constructed using the
neighbor joining method (20). Tree files were
generated by PHYLIP and viewed by TREE VIEW
program. Bootstrap analysis was applied.

Pectinase production using synthetic and
crude media:  Pectinase production was carried
out submerged fermentation using synthetic and
crude media. Presterilized medium containing
yeast extract, 1; pectin, 5; KH2PO4, 4; NaCl, 200;
MgSO4.7H2O, 1; MnSO4, 0.05; FeSO4.7H2O, 0.05;
CaCl2.2H2O, 2; NH4Cl, 2 grams per liter was
inoculated and incubated at  30°C temperature
and 150 rpm speed at pH 9.

Presterilized crude medium contain 10g
orange peel powder mixed with mineral salt
solution contain 1% KH2PO4, 15% NaCl, 0.1%
MgSO4.7H2O, 0.1% CaCl2 was also inoculated
and incubated at same conditions (21, 22).

Assay of pectinase activity: Polygalacturonase
activity was determined by quantifying the amount
of reducing groups expressed as galacturonic acid
units, liberated during the incubation of 1 ml of
1% (w/v) citrus pectin, prepared in 0.2 M

phosphate buffer (pH 8.2) with 500 ìl of the enzyme
at 37°C for 30 min, by DNSA method. One unit of
polygalacturonase activity was defined as the
amount of enzyme required to release 1 ìmol of
galacturonic acid per minute under standard assay
conditions and expressed as units per litre (U/l).
Specific activity was defined as the amount of
enzyme required to release 1 μmol of galacturonic
acid per minute per milligram of total enzyme
protein and expressed as units per milligram (U/
mg) (16, 21, 22).

Partial purification of pectinase:  The crude
pectinase enzyme supernatant was partially
purified using chilled acetone and ammonium
sulphate precipitation method. The precipitate was
dissolved in 10 ml of 0.2 M phosphate buffer (pH
8.5) and desalting was carried out by dialysis (2).

Determination of protein content:  The protein
contents of the crude and purified pectinases were
determined by the method specified by Lowry et
al., using bovine serum albumin as the standard
(23).

Effect of pH, temperature, salt and reaction
times on pectinase activity : The optimum pH
and temperature of the pectinase activity was
studied over pH range of 5 to 12 and temperature
range from 20 to 50 oC respectively. The effect of
various salt concentrations and reaction times on
pectinase activity was measured over range of 5
to 30% and 10, 20, 30, 40, and 50 min respectively
(2, 24, 25).

Application of pectinase in fruit juice
extraction and fruit juice clarification: Fruits
(apples) were obtained from a local market
Nanded. For the extraction of juice from apple,
the apples were chopped into small cubes (3-5mm
in size). Ten grams of material were incubated
with 1 ml of crude enzymatic extract for 1 h in a
shaking water bath with a shaking rate of 100
rpm, at 40 °C. Later the samples were incubated
in a boiling water bath for 5 min to inactivate the
enzyme. After cooling to room temperature, the
juice was filtered by vacuum through filter paper
and the volume of juice obtained was measured
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by using 100 mL graduated cylinders.  Inactivated
enzyme was used as a control and for study the
fruit juice clarification, 10 mL portion of juice was
taken and centrifuged at 3000 rpm for 10 minutes.
The clarity of fruit juice was determined by
measuring at 450nm using UV-VIS spectro-
photometer (9, 28).

Result and Discussion:
Abiotic characterization of water: Abiotic
characterization of Sambhar lake water samples
collected in post-monsoon season has yielded
diverse results. The colour of post-monsoon water
sample was pale green at the time of collection.
The typical rotten egg like smell was experienced
in the lake atmosphere. The average pH recorded
was 10 for water sample.

The Total Solids (TS) and Total dissolved
Solids (TDS) were recorded as 131050 mg/l and
88263 mg/l respectively. The Total Solids (TS) and
Total dissolved Solids (TDS) recorded in present
investigation were higher as compared to the very
well studied African soda lake and Kenyan Soda
Lake.22. Some anionic and cationic concentrations
of water were recorded, among all dominating
cations and anions were sodium (9930 mg/l) and
chloride (7356 mg/l) and the divalent cations Ca2+

(1550 mg/l) and Mg2+(1870 mg/l). Carbonates (396
mg/l) and sulphate (9152 mg/l)) anions also
recorded in considerable amount.

Also in the water sample the metal
concentrations were recorded. The Trace amount
of chromium (0.01 mg/l) and arsenic (0.01mg/l)
were recorded. Also lead (0.05mg/l), Zinc (0.36
mg/l) and cadmium (0.7mg/l) were present in
considerable amount in water sample (27, 28).

Screening of bacterial isolates for Haloal-
kaliphilic pectinase production: Out of nine
broth media used during enrichment the agar media
have supported highest diversity and faster
growths of haloalkaliphiles were used in further
investigation. Out of total 10 isolates which have
shown zone of clearance on pectin agar plates,
and showing distinct colony characters were
selected from alkaliphilc medium  (A), synthetic

Sea agar (SS), alkaline nutrient agar (ANA) and
Marine agar (MA) plates. Small colonies were
appeared after incubation of 10 days, further
incubation of 10 days have yielded large colonies.
Non pigmented and pigmented colonies were
observed. Pigmented colonies showed cream,
yellow, pink, and red colour pigment. Out of ten
morphologically distinct isolates SSL8 rapidly
growing extreme haloalkaliphilic strain was
selected for further investigation which showing
maximum zone of clearance on pectin agar plates.
It is motile, cream pigmented, Gram negative, rod
shaped bacterium growing at optimum 9 pH, 10%
salt concentration and 40oC temperature. It is
Catalase and oxidase positive, produces H2S. The
sugars Glucose, Fructose, Mannose, Ribose,
Arabinose, Galactose and Lactose are not utilized
It is negative for hydrolysis of starch, Casein and
Gelatin (14, 28) (Table 1).

Based on morphological, physiological,
biochemical characteristic and Phylogenetic
analysis of its 16S rRNA gene sequence it was
identified as Halomonas pantellerinsis strain SSL8
(Fig. 1). The 16S rRNA gene sequence was
submitted to NCBI Genbank with accession
number KC 434456

Alkaline pectinase production was recorded
with two substrates orange peel powder and
pectin. Maximum production was observed in
growth medium containing orange peel as source
of substrate (Fig. 2). Maximum pectinase
production from Halomonas pantellerinsis strain
SSL8 was observed after 120hr or 5 days of
incubation (0.70U/mL). A gradual increase in the
enzyme level was detected till the 120hr of the
fermentation process, whereas, there was a steep
decline in the pectinase activity after the 120hr of
incubation, as shown in Fig 2. Beyond this period
the enzyme production drastically reduced,
probably due to the depletion of essential nutrients
in the medium and/or accumulation of toxic
secondary metabolites.

Effect of  temperature: The effect temperature
on the alkaline pectinase enzyme production was
studied using alkaliphilic medium by conducting
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Characters SSL8
Morphology Rod
Gram nature -
Size (mm) 0.5-2
Colony pigmentation Cream
Motility Motile
Oxidase +
Catalase +
pH range 08-Nov
Optimum pH 9
Salt range 5-15%
Optimum Salt Concentration 10%
Temperature range (oC) 20-40
Urease +
Nitrate reduction +
H2S production +
Hydrolysis of:  
Casein -
Gelatin -
Starch -
Utilization of:  
Arabinose -
Fructose -
D-Glucose -
D-Galactose -
Mannose -
Ribose -
Lactose -

Production and characterization of a haloalkaline pectinase

Fig. 1. Phylogenetic tree of isolate SSL8 to other
Halomonas.Each number on a branch indicates the
bootstrap values. The scale bar indicates 0.05 sub-
stitutions per nucleotide position

Fig. 2. Effect of fermentation time on pectinase pro-
duction

Fig. 4. Effect of pH on pectinase Activity

Fig. 3. Effect of Temperature on pectinase Activity

Fig. 5. Effect of Salt concentration on pectinase Activity

Table 1. Morphological and Biochemical
characterization of Strain SSL8
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experiments at different temperatures, keeping all
other conditions constant for the fermentation.  As
a temperature increase the pectinase enzyme
activity was found to increase and maximum
pectinase activity of 0.77 U/ml was found at 40oC
(Fig. 3). Further increase in temperature beyond
40oC decreased the pectinase activity till the end
of fermentation. Hence optimum temperature was
40oC and was used for further studies. The
decrease in enzyme activity at higher temperature
may be due to enzyme denaturation.

Effect of pH: The effect of pH on the pectinase
production was studied by conducting
experiments at different pH (pH range 5, 6, 7, 8,
9, 10, 11, 12) and by keeping temperature at 40
oC.     As initial pH was increased from pH 5 to pH
9, the pectinase activity was found to increase.
Further increase in initial pH beyond pH 9, the
pectinase activity was found to decrease. The
decrease in enzyme activity at higher pH may be
due to growth and metabolism of organism. A
maximum pectinase activity of 0.79U/ml was
observed at a fermentation period of 6 days at
temperature 40oC and at pH value of 9. Hence
optimum pH value was selected as pH 9 (Fig. 4).

Effect of salt concentration: The effect Salt
concentration on the alkaline pectinase enzyme
production was studied using alkaliphilic medium
by varying Salt concentrations (5, 10, 15, 20, 25
and 30% w/v) keeping all other conditions
constant. The maximum pectinase activity of
0.85U/ml was found at 10% Salt concentration
(Fig. 5).

Pectinase for fruit juice extraction and
clarification : The fruit juice extraction by using
the pectinase enzyme as well as mixture of other
enzymes (cellulose) with pectinase was showed
significant results of fruit juice extraction. 31 mL
of fruit juice was extracted when apple without
peel was treated with pure pectinase and 24 mL
juice was extracted when treated with crud
pectinase. 17 mL juice was extracted when crude
pectinase treatment was given to apple with peel.
Whenever the treatment of cellulase on the fruit
without peel was given, 26 mL juice was extracted

and 19 mL was extracted from apple with peel.
(1) 26.5 mL juice was extracted when treatment
of crude pectinase and crude cellulose given to
the fruit without peel and 19.7 mL was extracted
from the same treatment on the fruits with peel.
And the apple juice which was extracted by the
treatment of crude pectinase has the more clarity
as compare to other enzymatic treatment

Conclusions
A haloalkaliphilic bacterial strain isolated

from the Sambhar salt lake of India was identified
as Halomonas pantellerinsis strain SSL8. It
produced halo alkaline pectinase that was stable
and active at high pH, temperature and high salt
concentration. It is showing optimum activity at
pH 9, temperature 40 oC and at 10 % salt
concentration. The Halomonas pantellerinsis strain
SSL8 pectinase gives maximum production in fruit
juice extraction and also showed good result in
fruit juice clarification. Similar study was carried
out by Kashyap et al. in 2000 (1).

Considering the high activity and stability in
high alkaline pH and temperature, the Halomonas
pantellerinsis strain SSL8 pectinase may find
potential application in the degumming of ramie
fibers, retting of flax, textile processing, coffee
and tea fermentations, paper and pulp industry,
and in oil extraction (25).
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Abstract
Hypertension is one among the important

factors that causes cardiovascular disorders. Nù-
nitro-L-arginine methyl ester (L-NAME) induces
hypertension by blocking nitric oxide (NO)
synthesis. Aim of present study was to investigate
the effects of chrysin is one of major flavnoids, on
L-NAME-induced hypertensive rats.  Induces
hypertension in adult male wistar rats weighing
180-220 g by oral treated of L-NAME (40 mg/kg/
day) dissolved in drinking water daily for 8 weeks.
Experimental rats were oral treated with chrysin
(25 mg/kg b.w). Both the systolic and diastolic
blood pressure of control and experimental rats
were measured by tail cuff plethysmography
system.

In our studies results showed an increase
in  the levels of systolic and diastolic blood
pressure, heart, liver, kidney, body weight, plasma,
and aortic Angiotension converting enzymes
(ACE), Sodium (Na+), Chloride (Cl-) levels in  L-
NAME treated rats. At the same time  in  L-NAME
treated rats, there was a decrease in the levels of
potassium (K+), Plasma and heart- aortic nitrite/
nitrate level, mitochondrial enzymes in liver such
as Isocitrate dehydrogenase (ICDH), á-
ketoglutarate dehydrogenase (á-KGDH),
Succinate dehydrogenase (SDH) and Malate
dehydrogenase (MDH). Chrysin treatment
prevented the increase in systolic and diastolic
blood pressure in the L-NAME-treated rats. Blood

pressure (BP) reduction was interrelated  with a
reduction in Na+, Cl-, ACE activity and increased
K+, plasma and heart, aortic nitrite/nitrate levels.
In contrast, L-NAME had opposite effects on
mitochondrial liver enzymes, electrolytes, ACE
and NO by treatment of chrysin.

Hence, the present findings might suggest
that chrysin improve the balance between
circulating nitric oxide and rennin-angiotensin
system and beneficial effects on cardiovascular
tissue through its ACE inhibitor activity.

Key words: Angiotensin II, Chrysin,
hydroxyproline, β - ketoglutarate dehydrogenase,
nitric  oxide, renin-angiotensin system.

Abbreviations: ACE - Angiotension converting
enzymes; BP - Blood pressure; eNOS - endothelial
nitricoxide synthase; ICDH - isocitrate
dehydrogenase; L-NAME- Nù-nitro-l-arginine
methyl; SDH - succinate dehydrogenase.

Introduction
Hypertension is acknowledged to be a ‘silent

killer, which causes no signs and symptoms for
so many years, even decades, until it finally
damages certain vital organs [1]. Both
Dyslipidemia and hypertension are the major risk
factors for cardiovascular disease [2].
Hypertension is one of the risk factor responsible
for cardiovascular diseases to accounts for about
54% of deaths through stroke and 47% of deaths
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through coronary heart disease in adults worldwide
[3]. Changes in lifestyle and dietary habits in
modern worlds may affect blood pressure (BP)
and increases cardiovascular risk factors. Studies
have reported that nitric oxide (NO) and angiotensin
II (Ang II) are the primary key factors that regulate
BP and cardiovascular tissue structures [4]. NO
has been proved to have important role in the
maintenance of normal BP and body fluid
homeostasis [5]. Is one of the biologically active
molecules that are produced from L-arginine by
nitric oxide synthase (NOS). There exist three
isoforms of these enzymes: neuronal (nNOS),
inducible (iNOS) and endothelial (eNOS) [6]. NO
helps to maintain vascular tone and is a regulator
of platelet activation inhibitor of endothelial cell
stimulation [7]. The chronic administration of NOs
inhibitors provides an experimental animal model
for hypertension [8]. Bioavailability of NO can be
enhanced by inhibition of oxidative stress, and
therefore the agents with antioxidant properties
inactivating free radicals, increase NO
bioavailability [9]. Endothelial dysfunction exhibits
a reduction in NO bioavailability that may also
cause cardiovascular remodeling through the
activation of the RAS to produce Ang II. Treatment
of hypertension with ACE inhibitors may inhibit
the formation of Ang II and thus, suppress
vasoconstriction, oxidative stress and lower BP
[10]. The RAS or the rennin angiotensin-
aldosterone system (RAAS) is a major endocrine/
paracrine system that plays a vital role in BP
regulation, fluid and electrolyte homoeostasis. The

RAAS regulates BP via angiotensin release and
blood electrolyte content through release of
aldosterone [11]. The ACE is a carboxypeptidase
is involved in the conversion of angiotensin I (Ang
I) into the biologically active Ang II [12]. ACE is
important in the production of Ang II. Treatment
with ACE inhibitors in rats with L-NAME induced
hypertension was reported not only to reduce BP
but also to prevent the progression of cardio renal
remodeling [13].

Plant polyphenolic compounds the
flavanoids consist of number of classes, as
flavanols, flavones and flavans. A naturally
occurring flavones, Chrysin (5, 7-dihydroxy
flavones structure shown in Fig. 1) contained in
flowers blue passion flower (Passiflora caerulea),
Indian trumpet flower, as well as in edible of
mushrooms [14], honey and propolis [15]. At the
same time it possess antioxidant capacity, anti-
inflammatory activity, anti-allergic, anti-cancer,
antiestrogenic, anxiolytic [16], antihypertensive
properties [17]. Chrysin has tyrosinase inhibitory
activity, moderate aromatase inhibitory activity,
and also inhibits estradiol-induced DNA synthesis.
C-iso-prenylated hydrophobic derivatives of chrysin
are potential P-glycoprotein modulators in tumour
cells [18]. The earlier study showed that chrysin
has antihypertensive effects, and reduces hepatic,
renal damages and endothelial dysfunction in L-
NAME induced hypertensive rats [19]. The present
study aimed to evaluate the effect of chrysin on
Electrolytes, mitochondrial liver enzymes, ACE,
nitric oxide metabolites (nitrite and nitrate) in the
L NAME induced hypertensive rats against the
control and unsupplemented groups.

Materials and Methods
Chemicals : Chrysin and L-NAME was purchased
from Sigma Chemical Co. (St. Louis, MO, USA).
All other chemicals used in this study were of
analytical grade and obtained from E-Merck or
HIMEDIA, Mumbai, India.

Animals : All the animal handling and
experimental procedures were approved by the
Institutional Animal Ethics Committee of
Bharathidasan University and animals were cared

Fig. 1. Chemical structure of chrysin (5,7 dihy-
droxyflavone)
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for in accordance with the Indian National Law on
Animal Care and Use. Male Wistar rats (180-220
g) were purchased from the Indian Institute of
Science, Bangalore, India. Rats were housed in
plastic cages with filter tops under controlled
conditions of a 12 h light-dark cycle, 50% humidity
and temperature of 28ºC. All rats received a
standard pellet diet (Lipton Lever Mumbai, India)
and water ad libitum.

Induction of L-NAME induced hypertension:
L-NAME (40 mg/kg B.W) was dissolved in drinking
water and given to rats at an interval of 24 h for 8
weeks. Mean arterial blood pressure (MAP) was
measured using tail cuff method. MAP
measurements were performed during the time of
1-8 weeks [16].

Blood pressure measurements: Systolic and
diastolic blood pressures were determined by the
tail-cuff method (IITC, model 31, Woodland Hills,
CA, USA). The animals were placed in a heated
chamber at an ambient temperature of 30-34°C
for 15 minutes and from each animal one to nine
blood pressure values were recorded. The lowest
three readings were averaged to obtain a mean
blood pressure. All recordings and data analyses
were done using a computerized data acquisition
system and software.

Study design: Animals were divided into four
groups of six rats each and all were fed the
standard pellet diet. The rats were grouped as
given below.

Group I : Control.
Group II : Normal + Chrysin (25 mg/kg of

B.W) after 4th week.
Group III : L-NAME induced hypertension

(40 mg/kg of B.W).
Group IV : L-NAME induced hypertension

(40 mg/kg of B.W) + Chrysin (25
mg/kg  of B.W) after 4th week.

Chrysin (25 mg/kg of B.W) was
administered orally once in a day in the morning
for 4 weeks. Chrysin dose (25 mg/kg of B.W)
based on our previous study. The compound was

suspended in 2% dimethyl sulfoxide solution and
fed by intubation. After 8 weeks, the animals were
sacrificed by cervical dislocation. The blood was
collected in clean dry test tubes and allowed to
coagulate at ambient temperature for 30 minutes.
Serum was separated by centrifugation at 2000
rpm for 10 minutes.  The blood, collected in a
heparinized centrifuge tube, was centrifuged at
2000 rpm for 10 minutes and the plasma separated
was removed by aspiration and was used for
estimations.

Biochemical estimation and Heart weight and
collagen content : The Heart, aorta and kidney
was dissected out and then weighed. Heart weight-
to-body weight ratio was calculated.
Hydroxyproline concentration was estimated in
heart and aorta samples and the determined from
standard curve and expressed as mg/g dry weight
[20].

The electrolytes such as sodium (Na+) and
chloride (Cl-) along with potassium (K+) were
analyzed by AVL 9180 Electrolyte analyzer
(ROCHE-USSR). Methodology is based on the
ion selective electrode measurement principle to
precisely determine the measurement values
Burtis and Ashwood [21].

The activities of isocitrate dehydrogenase
(ICDH), succinate dehydrogenase (SDH), malate
dehydrogenase (MDH), á- ketoglutarate
dehydrogenase (á-KGDH) were assayed by the
methods of silambarasan et al., [22] respectively.

Nitric oxide metabolites level : Nitrite/nitrate
(stable NO metabolites) in the aorta and heart
samples were measured based on the Griess
reaction Green et al., [23] in which a chromophore
with a strong absorbance at 550 nm is formed by
reaction of nitrate with a mixture of naphthyl
ethylene diamine and -sulfanilamide. The nitrate
was reduced to nitrite by 30 minutes incubation
with nitrate reductase in the presence of NADPH.
The amount of nitrite/nitrate present in the aorta
and heart sample was estimated from the standard
curve obtained. Nitrite/nitrate levels were
expressed as nmol/mg protein.

Chrysin improvement of mitochondrial enzymes and ACE in L-NAME  hypertension
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ACE assay : ACE (USCN Life, West Lake, and
Wuhan, China) activity was analyzed in cardiac
samples using commercially available kits
following the manufacturer’s instructions. The
colored end product of this enzyme was measured
by a microplate reader (Molecular Devices,
Sunnyvale, CA, USA) at 450 nm [24].

Statistical analysis : Statistical analysis were
analysed by one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test
(DMRT) using a commercially available Software
Package for the Social Science (SPSS) software
package version 11.0. Results were expressed
as mean ± S.D. for six rats in each group. For all
the statistical tests, values of P < 0.05 were
statistically significant.

Results
Table 1 shows the effect of chrysin on the

weight of heart, aorta and kidney weights, and
heart weight-to-body weight ratio in control and L-

NAME induced hypertensive rats. L-NAME
induced hypertensive rats had significantly
increased heart, aorta and kidney weights, heart
weight-to-body weight ratio and hydroxyproline
weights. Treatment with chrysin (25 mg/kg)
significantly (P < 0.05) reduced the heart, aorta
and kidney weights and weight-to-body weight
ratio.

Fig.2 shows effect of chrysin in cardiac and
aortic hydroxyproline in experimental rats. In
cardiac and aorta hydroxyproline concentration
levels are increased in L-NAME induced
hypertension as compared to control.
Supplementation of chrysin significantly (P < 0.05)
reduces in cardiac and aorta levels of
hydroxyproline in group IV as compared to group
I. There is no significant difference between group
I and II.

Table 2 shows the effect of chrysin on the
levels of plasma electrolytes such as Na+, K+ and
Cl- in control and L-NAME hypertensive rats. L-

Veerappan  et al

Fig. 2. Effect of chrysin in hydroxyproline levels in heart and aorta in various expermintal groups

Columns are mean ± S.D. for six rats in each group.
Columns not sharing common superscript are significant with each other at P<0.05
(Duncan’s multiple range test).
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NAME rats had significantly (P < 0.05) increased
Na+, Cl- levels and decreased K+ levels.
Supplementation with chrysin significantly (P <
0.05) brought back these values towards near to
normal levels. No significant differences between
Group I and II.

Activities of ICDH, SDH, MDH, and á-KGDH
were significantly (P < 0.05, Table 3) decreased
in the liver mitochondria of L-NAME rats. Oral
treatment with chrysin significantly (P < 0.05,
Table 3) increased the activities of these enzymes
when compared to untreated L-NAME rats. No
significant difference between group I and II.

Plasma and heart, aortic nitrite/nitrate level
was significantly (P < 0.05) reduced in L-NAME
rats whereas chrysin treatment for 4 weeks
significantly (P < 0.05) increased the above to
normal (Fig. 3.A.B.). There is no significant
change of group I and II.

L-NAME hypertension significantly (P < 0.05)
enhanced the activity of ACE in heart and aorta
compared with control and this increase was
attenuated by chrysin treatment (Fig. 4.A.B.).

Discussion
In previous studies it was reported that in L-

NAME treated rats there was a significant
increase of heart, kidney, liver and aorta weights
[25]. Our studies also supported that L-NAME
induced hypertensive rats has significantly
increased heart, aorta, and kidney weights.
Supplementation of chrysin dose (25 mg/kg)
significantly reduces the aortic, renal and cardiac
hypertrophy that might be due to the BP lowering
effect of chrysin. Because it has been also proved
to reduce BP and antihypertensive effects on our
previous study [18].

Cardiac and aorta tissues hydroxyproline
concentration levels are increased in L-NAME

Chrysin improvement of mitochondrial enzymes and ACE in L-NAME  hypertension

Columns are mean ± S.D. for six rats in each group.
Columns not sharing common superscript are significant with each other at P<0.05 (Duncan’s
multiple range test).

Fig.3. A. Effect of chrysin in Nitrite/nitrate concentrations in plasma in various experimental
groups.
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Columns are mean ± S.D. for six rats in each group.
Columns not sharing common superscript are significant with each other at P<0.05 (Duncan’s
multiple range test).

Fig.3. B.  Effect of chrysin in Nitrite/nitrate concentrations in heart and aorta in various
experimental groups.

induced hypertension as compared to control rats.
Cardiac hypertrophy is propositional with
increased BP, increased fibrosis, collagen
deposition, and reduced cardiac function.
Hydroxyproline is major component of collagen
and its concentration is a quantitative index of
fibrosis. During heart failure the collagen get
deposited in heart causing stiffening of the heart
walls, impaired relaxation, impaired filling, and
reduced cardiac output [26]. In  aortic wall
components, it is shown that collagen with highest
elastic modulus and, therefore, appears as major
determinant of aortic stiffness. In our proposed
study we have determined the level of
hydroxyproline which is the collagen marker in
aorta as wells as cardiac tissue. Chrysin has the
capability of preventing the accumulation of
collagen in aorta. At the same time the elevated
cardiac weight in hypertension was evidently
suppressed by supplementation of chrysin. The
antihypertensive potential of chrysin is main

reason for reducing pressure load with induced
hypertrophy. Treatment of L-NAME significantly
elevates BP and ACE levels which cause
cardiovascular system and kidneys injuries that
might be leads to aggravation of hypertension.
Renal NO synthesis plays an important role in
acute and chronic regulation of sodium balance.
In experimental rats maintained on high salt diet,
the expression of all three NOS is forms are
increased in the inner medulla. An important
characteristic of renal body fluid feedback control
system is the pressure naturituresis or the ability
of the kidneys to play central role in reducing BP
by altering the renal excretion of salt and water
such as sodium balance, extracellular fluid volume
and BP homeostasis. In addition to playing a
major role in long term BP adjustment, the sodium
transporters along the nephron are very dynamic,
even responding quickly to normal fluctuations of
BP. Increased ANG II and pressure-induced
oxidative stress alter mitochondria and electrolyte
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Columns are mean ± S.D. for six rats in each group.
Columns not sharing common superscript are significant with each other at P<0.05 (Duncan’s mul-
tiple range test).
Fig.4. A. Effect of chrysin in ACE in plasma in various experimental groups

Columns are mean ± S.D. for six rats in each group.
Columns not sharing common superscript are significant with each other at P<0.05 (Duncan’s
multiple range test).
Fig.4. B. Effect of chrysin in ACE in Heart and aorta in various experimental groups.
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transport efficiency, which together reduce kidney
oxygen tension and can cause tissue hypoxia. In
our studies plasma electrolytes such as Na+, K+

and Cl- are kept in control and in L-NAME
hypertensive rats. It is shown that L-NAME rats
has significantly (P < 0.05) increased Na+, Cl-
levels and decreased K+ levels. The electrolytes
Na+, K+ play critical role in the normal regulation
of blood pressure. These electrolytes have has
main impact in the control of arterial resistance
[27]. Number of research suggests that
intracellular sodium overload and potassium
depletion are important for pathophysiology of
hypertension [28]. As previously reported
increased level of Na+ and Cl- along with a
decreased level of potassium results with chronic
inhibition of NOS by L-NAME [29] is observed in
our studies. Administration of chrysin brought back
these parameters to near normal values similar
to control rats.

On the same time NO synthase substrate,
it should be remembered that arginine participates
in other metabolic functions, including a-
ketoglutarate metabolism and polyamine
synthesis. (Fumarase catalyzes the reversible
conversion between fumarate and L-malate in the
tricarboxylic acid cycle in mitochondria. L-malate
can be converted to oxaloacetate, aspartate,
argininosuccinate, and L-arginine, the substrate
of nitric oxide (NO) synthase.). Our studies have
shown that activities of ICDH, SDH, MDH, and á-
KGDH, which were significantly (P < 0.05),
decreased in the liver mitochondria of L-NAME
rats. It was already explored that under oxidative
stress conditions the functions of several key
tricarboxylic acid cycle enzymes were perturbed
[30]. Giribabu et al., [31] reported that Vitis
vinifera seed extract has ability for preventing the
decrease in ICDH, SDH and MDH in liver
homogenates respective to decrease in liver
oxidative stress in diabetes. In our study is also
accepted the earlier report, chrysin, it is observed
to increase the activities of liver mitochondrial
enzymes and which might be the effect of
oxidative stress.

Hypertension is one of the most important
risk factors associated with the development of
vascular diseases. The modulation of vascular tone
results from NO synthesis and release by
endothelial cells [32]. The use of NO is not limited
but in other cellular events, such as vascular
smooth muscle cell proliferation [33]. Chronic
inhibition of NO synthase persuaded by
administration of L-NAME resulting in induction
of hypertension, hypertrophy, cardiac remodelling
[34]. Treatment with L-NAME-induces
hypertension and provides an experimental model
to study hypertension. It has been shown that
ventricular hypertrophyin L-NAME model of
hypertension increase the chance of fibrosis and
left ventricle hypertrophy [35].

In this study on treating with chronic
inhibition of NOS by nitric oxide deficient
hypertensive rats we observed the significant
decrease of plasma, heart and aorta NOx levels.
Moreover, our findings are in consistent with
several other reports which showed the
association between chronic NO deficiency and
hypertension [36]. It shown that chrysin protects
NO from free radicals, increasing the
bioavailability of NO and also increase the activity
of eNOS resulting in decreased BP. There are no
significant changes between group I and II. With
antioxidant property, chrysin is believed to reduce
oxidative damage and lower cardiovascular
diseases as shown in our studies.

RAAS is important physiological role in BP
control and sodium volume homeostasis. In this
study, it is observed that plasma, heart and aortic
ACE activity are increased in L-NAME induced
hypertensive rats. ACE converts Ang I to Ang II. In
general the reduction of ACE activity leads to a
reduction in blood pressure because of the
reduction in Ang II synthesis. Ang II acts as a
potent vasoconstrictor. Ang II exacerbates
oxidative stress by increasing the production of
superoxide [37]. Increased ACE activity and
oxidative stress was observed in hypertensive
animals. Increased plasma Ang II availability was
reported in L-NAME-treated rats because of
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Table 1. Estimation of heart, kidney, aorta weights and heart weight-to-body weight ratio levels in
various experimental groups.

Control Control+25 L-NAME induced L-NAME+25
mg chrysin hypertension mg chrysin

Heart Weight (mg) 821.12± 31.28a 819.24 ± 32.12 a 1099.57 ± 42.68 b 861.57 ± 39.29 c

Kidney weight (mg) 872.39± 35.81a 869.41 ± 34.20 a 1486.92 ± 49.11b 901.14 ± 38.24 c

Aorta weight (mg) 98.59± 5.19a 97.41 ± 4.76 a 121.85 ± 9.59 b 103.23 ± 5.27 c

HW/BW (mg/g) 3.08 ± 0.19a 3.06 ± 0.18 a 5.24 ± 0.32 b 3.14 ± 0.17c

LVW/BW (mg/g) 1.21 ± 0.06 a 1.20 ± 0.06 a 1.58± 0.05b 1.25 ± 0.05 c

RVW/BW (mg/g) 0.43 ± 0.05 a 0.42 ± 0.06 a 0.31 ±0.04b 0.41 ± 0.05 c

Values are mean ± S.D. for six rats in each group.
Values not sharing common superscript are significant with each other at P < 0.05 (Duncan’s multiple
range test).

endothelial NO synthase (eNOS) inhibition [38].
The increase of BP and ACE levels further causes
pathological injuries to the cardiovascular system
and kidneys, which in turn leads to aggravation of
hypertension [39]. In current study, chrysin have
reduced plasma, cardiac and aortic ACE activity
in L-NAME received rats. This result suggests

that the antioxidant properties of chrysin
proportional to the reduction of the enzyme activity.
The effect of chrysin on ACE in this study in
accordance with Kataoka et al., [40] has reported
that anti-inflammatory and antioxidant effects of
calcium channel blockers might be a result of the
inhibition of the local RAS.

Table 2. Effect of chrysin on Electrolytes of control and L-NAME induced hypertensive rats

Control Control+25 L-NAME L-NAME+25
mg chysin  induced mg chrysin

hypertension

Plasma sodium 146.23 ± 8.12a 145.12 ± 7.27a 169.55 ± 9.63b 150.67 ± 6.38c
(mmol/L)
Plasma potassium 4.81 ± 0.39a 4.82 ± 0.40a 2.39 ± 0.19b 4.52 ± 0.40c
(mmol/L)
Plasma chloride 99.53 ± 4.27a 98.11 ± 4.57a 127.27 ± 8.16b 104.17 ± 6.75c
(mmol/L)

Values are mean ± S.D. for six rats in each group.
Values not sharing common superscript are significant with each other at P < 0.05 (Duncan’s multiple
range test).
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Conclusion
The present study demonstrated that chrysin

attenuates the hypertension and there by protects
cardiovascular function against damages from
endothelial dysfunction through its ACE inhibitor
activity. Chrysin at a dose of 25 mg/kg regulates
the L-NAME-induced BP and in chain shows a
reduction in plasma electrolytes, cardiac and
aortic hydroxyproline cardiac, aortic and plasma
ACE activity. Chrysin also increases mitochondrial
enzymes, plasma, heart, aortic nitrite/nitrate
concentration. On the basis of these results, we
suggest that chrysin may be a useful therapeutic
drug treatment for cardiovascular disease and
hypertension.

Acknowledgements
The support provided by UGC-BSR

Fellowship to Dr. G. Archunan, Bharthidasan
University, TN to complete this work in a
successful manner is gratefully acknowledged.

Conflict of interest statement
None declared
References
1. Hyun-Sub Kim and Dae-Geun Kim, (2013).

Effect of long-term resistance exercise on
body composition, blood lipid factors, and
vascular compliance in the hypertensive
elderly men. J Exerc Rehabil, 9(2): 271–277.

2. Cohuet, G. and Struijker-Boudier, H. (2006).
Mechanisms of target organ damage caused
by hypertension: therapeutic potential.
Pharmacol Ther, 111: 81–98.

3. Lawes. CM., Vander Hoorn. S. and Rodgers.
A. (2008). Global burden of blood-pressure-
related disease, 2001. Lancet, 371: 1513–
1518.

4. Yanga. H.Y., Yangb. S.C., Chenb. S.T. and
Chenb. J.R. (2008). Soy protein hydrolysate
ameliorates cardiovascular remodeling in

Table 3. Effect of chrysin on the activities of mitochondrial enzymes in liver in control and L-NAME
induced hypertensive rats

Control Control+25 mg L-NAME L-NAME+25 mg
chysin induced chrysin

hypertension

ICDH 596.9 ± 35.1 a 598.4 ± 34.6 a 407.5 ± 28.1 b 588.3 ± 36.2 c
a-KGDH 57.4 ± 3.6 a 58.1 ± 3.3 a 30.6 ± 2.9 b 45.2 ± 2.4 c
SDH 226.3 ± 19.7a 229.4 ± 19.6 a 126.1 ± 9.4 b 219.5 ± 12.4 c
MDH 298.5 ± 15.7 a 299.7 ± 15.2 a 216.3 ± 12.4 b 295.3 ± 12.3 c

ICDH: Isocitrate dehydrogenase; a-KGDH: a-ketoglutarate dehydrogenase; SDH: Succinate
dehydrogenase; MDH: Malate dehydrogenase; NADH: Nicotinamide adenine dinucleotide.
Activity is expressed as nM of NADH oxidized/h/mg protein for ICDH
nM of ferrocyanide formed/h/mg protein for a-KGDH
nM of succinate oxidized/min/mg protein for SDH
nM of NADH oxidized/min/mg protein for MDH.
Values are mean ± S.D. for six rats in each group.
Values not sharing common superscript are significant with each other at P<0.05 (Duncan’s multiple
range test).
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Abstract
Groundnut is an important grain legume and

oil seed crop grown all over the world. Fluorescent
Pseudomonads are beneficial bacteria that inhabit
the root zone of plants and increase the growth of
plants by a wide variety of mechanisms. In our
studies,, we have assessed the morphological and
biochemical characteristics of 24 fluorescent
pseudomonads isolated from groundnut
rhizosphere collected from Rayalaseema region
of Andhra Pradesh. All the Pseudomonas
fluorescens (Pf)  strains showed development of
fluorescent pigments under UV light.
Morphological studies indicated that they have
displayed (i) rod-shaped, (ii) smooth shiny surface,
(iii) gram-negative reaction (iv) motility and (v)
growth even at 410C. None of the strains were
positive for the indole, and voges-proskauer test.
All strains were positive for oxidase, citrate,
catalase, and gelatin liquefaction test; 58% were
starch hydrolysis-positive, 29.16% were methyl
red-positive and 62.5% were H2S-positive. The
present study proved that these Pf strains have
potential plant growth-promoting activities. Our
future studies are directed in establishing the plant
growth-promoting effects of these Pf strains under
Greenhouse and field conditions on groundnut.
Key Words: Groundnut, rhizosphere,
Pseudomonas fluorescens, Plant Growth
Promotion

Introduction
Groundnut (Arachis hypogaea L.) is an

important grain legume and oilseed crop grown
all over the world. At the global level, the groundnut
area during 2018-‘19 was 27.34 Mha, with a
production of 46.17 MMT and a productivity of 1.69
Metric Tons per hectare . In Andhra Pradesh, during
2017-‘18, the groundnut crop was cultivated in
735,000 hectares with a production of 10,
48,000.10 tons and a yield of 1426 kg ha-1

(Indiastat). Indiscriminate use of chemical
pesticides and fungicides have harmful effects on
human health and to the environment. Moreover,
the problem of resistance gain by pathogens to
chemical fungicides is not uncommon as in
groundnut by Sclerotium rolfsii, the stem rot
pathogen . The application of microbial bio-agents
in agriculture to control pests and diseases is
fast catching up and has been well established in
several crops against various pests and diseases
(Govindasamy et al., 2011). Plant Growth-
Promoting Rhizobacteria (PGPR) are used world-
wide for the control of plant diseases. The PGPR
such as Pseudomonas florescens,
Pseudomonas  putida etc are widely used and
their efficacy is well established in sustainable
management. These PGPR are a group of
bacteria that increase plant growth through the
production of plant growth hormones, N fixation,
P-solubilizing activity and biological activity
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(Deshwal et al., 2003). These P.  fluorescens and
P. putida were identified as important organisms
and are capable of promoting plant growth and
effective plant diseases management (Belker and
Gade, 2012).

Pseudomonas fluorescens is one of the
PGPR species characterized by a gram negative,
rod shaped bacterium with a proven Plant-Growth
Promoting (PGP) and disease control capability
in various crops.  Earlier P. fluorescens were used
either individually or in conjunction with other
management options for managing stem rot and
other diseases. The Pseudomonas Endo
rhizospheric inhabiting bacteria strains were used
to promote sunflower (Helianthus annus) plant
growth (Pandey et.al. 2013). Keeping this in view,
the present investigation is aimed to isolate the
elite P. fluoroscens strains from groundnut
rhizospheric soil, and these strains were
characterized morphologically and biochemically.

Material and Methods:
Collection of groundnut rhizosphere soil
samples : A random survey was undertaken in
the major groundnut growing districts of
Rayalaseema. Twenty four soil samples were
collected from Rayalaseema region
(Ananthapuram, Chittor, Kadapa, Kurnool districts)
of Andhra Pradesh, India. The soil samples were
collected up to the depth of 10-15cms from
groundnut plants rhizosphere. In addition,  the soil
adhering to the roots were also collected.

Isolation of Pseudomonas fluorescens strains:
For the isolation of P. fluorescens strains, one
gram of collected soil sample was taken in a 10
ml of sterile distilled water. The samples were
mixed thoroughly by vortexing for 15 min. 1 ml of
the suspension from the first dilution (10-1) was
aseptically transferred to another tube having 9
ml (10-2 dilution) of sterile distilled water and thus
diluting the original suspension up to 10-5dilutions.
Then, 100 μl of 10-5 diluted soil samples were
spread on sterilized petriplates containing King’s
B media and incubated at 28±2°C for 48 h. After
incubation, colonies with yellowish green, bluish
green and blue pigments were detected under UV

light. The selected colonies were transferred to
fresh King’s B slants and pure cultures were
maintained.

Cultural characterization of Pseudomonas
fluorescens strains : Twenty four bacterial strains
were studied for their colony morphology, cell
morphology (Gram reaction), pigmentation and
sporulation as per Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1994).

Biochemical characterization of Pseudomonas
fluorescens isolates : The different biochemical
tests performed for the isolated Pf strains were
as described below.

1. Catalase test: The test was conducted to study
the presence of catalase enzyme activity in the
isolated Pseudomonas strains. Overnight grown
24 pure isolates were taken on glass slides and
few drops of 3% H2O2 was added and observed
for the production of gas bubbles. Production of
bubbles indicated the presence of catalase activity
(Schaad, 1992).

2. Starch hydrolysis test :  Freshly grown
Pseudomonas strains were placed on sterile
starch agar plates and the plates were incubated
at 28±2° C for 48 hrs. After incubation, the plates
were flooded with iodine solution and observed for
the clear zone around the colony. The formation
of a transparent zone around the colony was taken
as positive reaction for the test (Eckford, 1927)

3. Methyl Red Test : To perform the Methyl red
test, glucose- phosphate broth was prepared and
sterilized. One ml of sterilised glucose phosphate
broth was taken into an autoclaved test tube and
single colony of Pseudomonas culture was
inoculated, followed by incubation at 28±2 0 C for
48h. After incubation, seven drops of methyl red
indicator was added to each tube and gently
shaken. Red colour production was taken as
positive and yellow colour production was taken
as negative for the test.

5. Voges prausker’s Test : To the pre-sterilized
glucose-phosphate broth slants, the overnight
grown Pseudomonas cultures were inoculated
and incubated at 28°C for 48h. After incubation,

Padma et al
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ten drops of Baritt’s reagent-A was added and
vigorously shaken followed by the addition of 10
drops of Baritt’s reagent-B. Appearance of pink
colour in the broth was taken as positive result for
the test.

5. Oxidase test : All bacteria that are oxidase
positive are aerobic, and can use oxygen as a
terminal electron acceptor in respiration. The 24
hrs old Pseudomonas bacterial cultures were
spotted on sterile trypicase soy agar and
incubated at 28±2°C for one day. Five drops of
Wurster’s reagent (N, N, N’, N’- tetramethyl- p-
phenylenediamine dihydrochloride) was added on
the surface of grown culture placed on them. The
cultures showing blue colouration were taken
as positive result for aerobic bacteria.

6. Citrate utilization test : Citrate test was used
to detect the ability of an organism which can
utilize citrate as a sole source of carbon for their
metabolism. The overnight grown fresh
pseudomonas bacterial cultures were streaked
on Simmon’s citrate agar slants and incubated at
28±2 °C for 24h. Appearance of Prussian blue
colour indicates positive reaction for citrate
utilization (Simmons 1926).

7. Kovac’s indole test : To identify the Indole
production capacity of isolated Pseudomonas
cultures, SIM agar media was prepared and poured
into tubes followed by sterilization.  After
sterilization, the overnight grown bacterial culture
was inoculated to SIM agar slants and incubated
at 48 h at 28±2°C. After incubation, ten drops of
Kovac’s reagent was placed on Pseudomonas
culture. Appearance of red colour was taken as
positive result for Indole production

8. Hydrogen sulfide (H2S) test : The overnight
grown Pseudomonas cultures were inoculated
along the walls of the tubes containing Sulfide
Indole Motility Medium (SIM). These cultures were
incubated at 28 ± 2°C for 48 h. Visualisation of
black colour all along the line of inoculation
indicated a positive result.

9. Gelatin liquefaction : Gelatin liquefaction
method was used to detect whether the bacterial

isolates has the capacity to produce proteolytic
enzymes (Kohn, 1953). The overnight grown
bacterial cultures were inoculated to sterilized
nutrient gelatin deep tubes and incubated at
28±2°C for 48 hrs. After incubation the tubes were
kept in a refrigerator at 4°C for 30 minutes. The
isolates showing liquefied gelatin were taken as
positive and those that solidified on refrigeration
were taken as negative result (Blazevic and Ederer,
1975).

Results and Discussion:
Morphological characterization: Rhizosphere
soil samples were collected from different regions
of Rayalaseema, Andhra Pradesh and the
colonies that exhibited fluorescence were isolated
using King’s B media by serial dilution method.
The colonies which showed fluorescence under
UV light were selected and pure cultures were
obtained by spread plate method. Total twenty
four pure strains were selected which showed
fluorescence and used for further morphological
and biochemical characterization. The selected
pseudomonas isolates were named according to
the strain and crop character i.e. “P” stands for
Pseudomonas florescence, “G” stands for
groundnut and “Y” stands for Yogi Vemana
University (PGY) (Table 1). Morphological
characterization results revealed that all the
isolated 24 strains were showed rod shape,
smooth shiny surface and motility without
sporulation, when observed under microscope
(Table1). The gram staining results classified all
the isolated strains into gram negative group (Table
1). The isolates showed yellowish green, light
green, bluish green or dull white pigmentation
when the strains were grown in Pseudomonas
agar F medium (Table 1). The florescence and
pigmentation results confirmed all the isolated
stains belong to pseudomonas group.  Out of
twenty four isolates, a total of 11 isolates (45.83%)
showed yellowish green pigmentation, two
isolates (8.33%) showed bluish green
pigmentation, two isolates (8.33%) showed light
green pigmentation and the remaining isolates
showed  dull  white  colonies under  UV  light
(Table 1).

Morphological and biochemical characterization of Pseudomonads
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S. Isolates Shape Pigmentation Surface Gram Motility Sporulation Growth
No reaction test at 41°C

1 PGY1 Rod Yellowish Smooth Negative Motile Negative +
 green shiny

2 PGY2 Rod Yellowish Smooth Negative Motile Negative +
green shiny

3 PGY3 Rod Yellowish Smooth Negative Motile Negative +
green shiny

4 PGY4 Rod Yellowish Smooth Negative Motile Negative +
green shiny

5 PGY5 Rod White Smooth Negative Motile Negative +
shiny

6 PGY6 Rod White Smooth Negative Motile Negative +
shiny

7 PGY7 Rod Yellowish Smooth Negative Motile Negative +
green shiny

8 PGY8 Rod Bluish Smooth Negative Motile Negative +
green shiny

9 PGY9 Rod Light Smooth Negative Motile Negative +
green shiny

10 PGY10 Rod White Smooth Negative Motile Negative +
shiny

11 PGY11 Rod Yellowish Smooth Negative Motile Negative +
green shiny

12 PGY12 Rod Bluish Smooth Negative Motile Negative +
green shiny

13 PGY13 Rod White Smooth Negative Motile Negative +
shiny

14 PGY14 Rod Yellowish Smooth Negative Motile Negative +
shiny

15 PGY15 Rod Light Smooth Negative Motile Negative +
green shiny

16 PGY16 Rod White Smooth Negative Motile Negative +
shiny

17 PGY17 Rod Yellowish Smooth Negative Motile Negative +
green shiny

18 PGY18 Rod Dull white Smooth Negative Motile Negative +
green shiny

19 PGY19 Rod Yellowish Smooth Negative Motile Negative +
green shiny

20 PGY20 Rod Dull Smooth Negativ Motile Negative +
white shiny

21 PGY21 Rod Dull Smooth Negative Motile Negative +
white shiny

22 PGY22 Rod White Smooth Negative Motile Negative +
shiny

23 PGY23 Rod Yellowish Smooth Negative Motile Negative +
green shiny

24 PGY24 Rod Yellowish Smooth Negative Motile Negative +
green shiny

Padma et al
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Biochemical characterization: After
morphological characterization, emphasis was
placed on the range of variation among the isolated
Pseudomonas fluorescens strains at different
biochemical test such as Starch hydrolysis test,
Methyl red test, Voges praskaur’s test, Oxidase
test, Citrate test, Indole test, H2S test, Catalase
test and Gelatin liquefaction test. The results of
the biochemical test are shown in Table 2 for all
the Pf strains.

All 24 strains were catalase positive, since
catalase is common enzyme in almost all living
organism which exposed to oxygen. Catalase is
the enzyme which breakdown the harmful
substance H2O2 into water and oxygen (Chelikani
et al., 2004), thus helping to avoid oxidative
damage to cells caused by H2O2. Twenty four
isolates have the ability to produce gelatinase
enzyme hence strains gives positive result of
gelatin liquefication test. Gelatinase enzyme
break down the gelatin protein into poly peptide,
peptide and amino acids and these could be
absorbed by isolates cell membrane. All strains
showed positive result for oxidase test and the
test confirm the presence of Oxidase enzyme.
The oxidase enzyme transfers electrons from donor
to O2 and oxidase positive organisms are aerobes.
All the Twenty four Pseudomonas fluorescens
isolates showed positive results for Citrate test.
The citrate test identifies the capability of an
isolates to utilize citrate as only source of carbon
and energy. Positive results were noted for catalase
activity, oxidase test, gelatin liqufication test and
citrate utilisation test for all the isolated strains.
Similar results were reported by Suman et al.,
2015.

None of the 24 isolates were positive for
Voges praskaur’s test and Indole test. The Voges
praskaur’s test performed to identify the ability of
organism to catabolise the glucose through
butanediol pathway. The indole test is the
biochemical test used to perform the ability of
bacteria to convert tryptophan into indole.  It was
noted that PGY2, PGY5, PGY8, PGY10, PGY15,
PGY16 and PGY23 strains were positive for methyl
red test (MR). The methyl red test (MR) performed

to identify the capacity of strains capability of
catabolising glucose in the formation of formic
acid, acetic acid, lactic acid, ethanol etc. This
mixed acid fermentation reduced the pH of the
media which in turn give positive result for methyl
red test.

Out of Twenty four isolates, PGY1, PGY3,
PGY4, PGY6, PGY 8, PGY9, PGY10, PGY12,
PGY14, PGY16, PGY17, PGY19, PGY22 and
PGY23 isolates showed positive results for starch
hydrolysis. Starch hydrolysis reaction tests the
capacity of isolates to release exoenzymes which
hydrolysed the starch molecules. Starch
molecules are too large to transport in the bacteria,
hence few strains has the capacity to secrete
exoenzymes to degrade the starch molecules that
can be transported in bacteria easily through
bacterial membrane. Sixty two percent of the
isolated strains were positive for hydrogen sulphide
production activity. The PGY2, PGY4, PGY5,
PGY6, PGY8, PGY10, PGY11, PGY13, PGY14,
PGY16, PGY18, PGY19, PGY21, PGY22 and
PGY24 strains H2S production was detected by
its reaction with lead acetate strips placed above
the surface of the medium.

Microbes of the rizhobacteria plays an
important role in nutrient acquirement, enhanced
soil texture, production of secondary metabolites
and various compounds, all leading to
enhancement of plant growth (Becker et al 2018).
Extensive research demonstrated that plant
growth-promoting rizho bacteria (PGPR) are very
diverse as bio control agents and their action can
showed via local antagonism to soil-borne
pathogens (Beneduzi et al 2012). The present
study was carried out by employing various
morphological and biochemical methods for
characterization and assessment of diversity
among the twenty four Pseudomonas florescence
isolates. Similarly, researchers have isolated
fluorescent pseudomonads from suppressive soil
of different ecosystems for the management of
soil borne and foliar diseases (Prabhukarthikeyan
et al 2015; Meera and Balabhaskar, 2012).

Morphological and biochemical characterization of Pseudomonads
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Table 2: Biochemical and physiological characterization of Pseudomonas fluorescens isolates
isolated from groundnut rhizosphere

S. Isolates Starch M R VP Oxidase Citrate Indole H2S Catalase Gelatin
No hydrolysis test test test test test  test  e test liquefac-

tion test

1 PGY1 + “ “ + + “ “ + +
2 PGY2 “ + “ + + “ + + +
3 PGY3 + “ “ + + “ “ + +
4 PGY4 + “ “ + + “ + + +
5 PGY5 “ + “ + + “ + + +
6 PGY6 + “ “ + + “ + + +
7 PGY7 “ “ “ + + “ “ + +
8 PGY8 + + “ + + “ + + +
9 PGY9 + “ “ + + “ “ + +
10 PGY10 + + “ + + “ + + +
11 PGY11 “ “ “ + + “ + + +
12 PGY12 + “ “ + + “ “ + +
13 PGY13 “ “ “ + + “ + + +
14 PGY14 + “ “ + + “ + + +
15 PGY15 “ + “ + + “ “ + +
16 PGY16 + + “ + + “ + + +
17 PGY17 + “ “ + + “ “ + +
18 PGY18 “ “ “ + + “ + + +
19 PGY19 + “ “ + + “ + + +
20 PGY20 “ “ “ + + “ “ + +
21 PGY21 “ “ “ + + “ + + +
22 PGY22 + “ “ + + “ + + +
23 PGY23 + + “ + + “ “ + +
24 PGY24 “ “ “ + + “ + + +

Conclusions:
Biochemical characteristization shows that

isolates of Pseudomonas fluorescence have the
ability to secrete extracellular amylse and
gelatinase enzymes. P. fluorescence with plant
growth-promoting rhizobacteria (PGPR) with
pathogen resistance capacity was valuable
resource in the formulation of new inoculants and
is an effective replacement for pesticides and
fertilizers and becomes environmentally friendly
biological control of plant diseases. In the present
study, P. fluorescens isolated strains may have a
positive prospect and high capability to be bio-
control agent of important plant pathogens and

promote plant growth. Our future studies are aimed
at identifying potential P. fluorescens isolates
among the 24 isolates with 2; 4-DAPG production
and siderophores producing capacity together with
greenhouse and field assessment studies against
stem rot pathogen diseases.
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Abstract
This study evaluates the phytochemical

constituents, free radical scavenging activities and
antioxidative potential of the tuber extracts of
Stemona tuberosa (ST). The preliminary
phytochemical screening revealed the presence
of alkaloids, cardiac glycosides, saponins,
steroids, tannins and terpenoids from various
solvent extracts of ST. The methanolic extract of
ST showed the highest phenolic (715.20 ± 2.42
mg GAE/g dry extract) and flavonoid (3864.25 ±
7.54 mg quercetin/g dry extract) contents. S.
tuberosa extracts were analyzed for their
scavenging activities based on 1,1-diphenyl-2-
picrylhydrazyl (DPPH), 2, 2’-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), and
superoxide anions (O2

·-)  in a cell free system.
Different extracts of ST inhibited the generation of
DPPH, ABTS and O2

-  in a concentration
dependent manner. Among the various extracts
of ST, the methanolic extract showed the highest
scavenging activities for ABTS and O2

·- with IC50 of
36.20 ± 0.832 μg/ml and 98.93 ± 3.37 μg/ml
respectively. The scavenging activity of methanolic
extract for ABTS and O2

·-  was significantly higher
than the standard ascorbic acid. However,
chloroform extract was found to possess the
highest scavenging activity for DPPH with IC50 of
7.36 ± 0.081 μg/ml. The total reducing power of
ST extracts was also determined by measuring

the transformation of Fe3+ into Fe2+ and the
methanolic extract was found to exhibit the highest
reducing power. The extracts were also analyzed
for their anti-haemolytic activity and inhibitory effect
on lipid peroxidation in an ex vivo condition using
mice erythrocyte and liver, respectively. The anti-
haemolytic activity of ST extracts also increased
with the increase in concentration of the extract.
Chloroform extract was found to possess the
highest anti-haemolytic activity with 68.81 %
inhibition followed by methanolic extract (38.57
%) and aqueous extract (20.81 %). Methanolic
extract showed the highest inhibitory activity on
lipid peroxidation (80.5 %) followed by chloroform
extract (67.8 %) and then aqueous extract  (62.63
%).  Our study suggests that ST extracts have
free radical scavenging and antioxidative potential,
probably due to their high phenolic and flavonoid
contents.
Keywords: Stemona tuberosa, Free radicals,
Antioxidants, Lipid peroxidation.

Introduction
During normal cellular metabolism,

molecular oxygen results in production of reactive
oxygen species (ROS) such as superoxide (O2

·-),
hydrogen peroxide (H2O2), hydroxyl radicals (.OH)
and singlet oxygen (1O2). At low to moderate
concentrations, ROS are fundamental in
modulating various physiological functions of the
body, representing an essential part of aerobic
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life and metabolism (1 and 2). However, excessive
generation of ROS hampers the antioxidant
defense systems of the body leading to a condition
called ‘oxidative stress’ensuing tissue damage,
and have been reported to be associated with
diseases including coronary heart disease,
neurodegenerative disorders, diabetes, arthritis,
inflammation, lung damage and cancer (3 and 4).
Certain plants have been reported to contain
various phytochemicals that are generally non-
toxic, act as natural antioxidants and useful for
the treatment of different diseases (5). Since,
antioxidants are capable of preventing oxidative
damage, use of plants and plant-derived products
as a source of natural antioxidants has been
employed as a conventional method for maintaining
oxidative balance in the body.

Stemona tuberosa is an elegant plant
belonging to the family Stemonaceae. It is native
to China, Southeast Asia, North-east India and
New Guinea, and is one of the 50 fundamental
herbs used in traditional Chinese medicine (6).
Roots of S. tuberosa has been traditionally used
for the treatment of cough and chest pains (7),
infestations with lice and treatment of
enterobiasis, and in revitalization of the body and
provision of sexual stimulant (8). Among the genus
Stemona, S. collinsae has been reported for its
antifungal property, S. japonica for its
antimicrobial activity (9). Other species such as
S. sessifolia and S. curtisii have also been
reported to contain certain alkaloids that may
possess antifungal, anti-inflammatory and
antitussive activities (10). Antioxidative potential
is widely used as a parameter to assess
medicinal property of natural products or the
bioactive components of plants. In vitro screening
methods have been commonly used for chemical
elucidation and pharmacological investigations of
medicinal plants (11). Therefore, the present study
aimed to evaluate the free radical scavenging
activity and antioxidant potential of the tuber
extracts of Stemona tuberosa.

Materials and Methods
Chemicals used : Gallic acid, quercetin
dihydrate, methanol, ferric chloride, sodium nitrite,

nitrobluetetrazolium (NBT), nicotinamide adenine
dinucleotide (NADH), phenazinemethosulfate
(PMS), 2-deoxyribose, 2,2’-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), di-
sodium hydrogen phosphate, potassium
persulfate and hydrogen peroxide (H2O2) were
obtained from HiMedia Laboratories Pvt.,
Ltd.(Mumbai, India). 1,1-diphenyl-2-picrylhydrazyl
radicals (DPPH) and thiobarbituric acid (TBA),
were obtained from Sigma Aldrich Inc (Louis,
Germany). Trichloroacetic acid (TCA), Folin-
ciocalteu’s reagent, sodium hydroxide, sodium
carbonate, ascorbic acid and ferrous sulphate were
obtained from SD fine–chem Ltd. (Mumbai, India).
Alluminium chloride and sodium di-hydrogen
phosphate were obtained from Merck Specialities
Pvt., Ltd. (Mumbai, India). Ethylene diamine
tetraacetic acid (EDTA) was obtained from
Qualigens Fine Chemicals (Mumbai, India).
Potassium ferricyanide was obtained from
LobaChemie Pvt., Ltd. (Mumbai, India).

Preparation of extracts : The plant Stemona
tuberosa (ST) was identified and collected from
Phura, Siaha District, Mizoram. The roots were
washed and chopped into smaller pieces and then
shade dried at room temperature. The dried roots
were grounded to powder using a mixer grinder
and then sequentially extracted with petroleum
ether, chloroform, methanol and distilled water
based on their increasing polarity using Soxhlet
apparatus at their respective boiling points for a
minimum of 40 cycles each. The liquid extracts
were filtered, allowed to evaporate and finally
freeze dried so as to obtain a fine powder of the
extract. Henceforth, the chloroform extract,
methanolic extract and aqueous extract of ST will
be called as STCE, STME and STAE respectively.

Phytochemical analysis : The following
phytochemicals were screened for their presence
in various extracts of S. tuberosa using standard
protocols.

Alkaloids : The presence of alkaloids in ST
extracts was confirmed by employing the
Dragendorff’s test. Briefly, 0.1 g of different
extracts of ST was mixed with 0.5 ml of

Lalmuansangi et al



Current Trends in Biotechnology and Pharmacy
Vol. 14 (3) 347-358, July 2020, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2020.3.36

349

Dragendorff’s reagent. The development of reddish
brown precipitate indicates the presence of
alkaloids (12).

Cardiac glycosides  : ST extract (0.1 g) was
treated with 2 ml of glacial acetic acid containing
one drop of ferric chloride solution with an under
laying of 1 ml of concentrated H2SO4. The
appearance of brown ring at the interface indicated
the presence of deoxysugar, which is a
characteristic of cardenolides (13).

Saponins : ST extracts (0.1 g) was mixed with 3
drops of olive oil and shaken vigorously for few
min. The formation of a fairly stable emulsion
indicated the presence of saponins (13).

Steroids  : The presence of steroid in various
extracts of ST was determined by Salkowski’s
test. Briefly 0.1 g of ST extract dissolved in their
respective solvents was mixed with a few drops
of concentrated H2SO4. The development of red
colour at lower layer indicated the presence of
steroids (12).

Tannins : Presence of tannin was determined by
Ferric chloride test. Brieftly, 0.1 g of ST extract
was dissolved in their respective solvents and a
few drops of 0.1% ferric chloride were added. The
formation of brownish green or a blue-black colour
indicated the presence of tannins (13).

Terpenoids : The presence of terpenoids in
various extracts of ST was detected using
Salkowski’s test. 5 ml of each extract (0.1 g/ml)
was mixed with 2 ml of chloroform followed by
careful addition of 3 ml concentrated H2SO4 so as
to allow the formation of a layer. The formation of
a reddish brown colour at the interface confirmed
the presence of terpenoids (12).

Phlobatannins : Different extracts of ST (0.1 g)
was boiled in 1% aqueous hydrochloric acid and
deposition of a red precipitate indicated the
presence of phlobatannins (13).

Quantitative estimation of phytochemicals
Determination of total phenolic content : The
total phenolic content of various extracts of ST
was determined using the method described earlier

(14). Briefly, 5 ml of Folin-ciocalteau reagent
(diluted ten-fold) was mixed with 1 ml of plant
extracts (STCE, STME, STAE) dissolved in their
respective solvent, at the concentration ranging
from 0.25-8.0 mg/ml. Sodium carbonate (4 ml,
0.115 mg/ml) was added to the mixture after 5
min of incubation at room temperature. Then, the
mixture was incubated for 2 hr in the dark at room
temperature followed by measuring the
absorbance at 765 nm using UV-Visible
spectrophotometer (SW 3.5.1.0. Bio-
spectrometer, Eppendorf, India Ltd., Chennai)
Calibration curve was also prepared by mixing
methanolic solution of gallic acid (1 ml, 0.25–4.0
mg/ml) with the reagents above and absorbance
was measured at 765 nm. All determinations were
carried out in triplicate. The total phenolic content
in each extract was expressed as gallic acid
equivalents (GAE) mg/g of the dry extract.

Determination of the total flavonoids : Total
flavonoid content was determined using the
method described earlier (15). Briefly, 0.25 ml of
different fractions of the extract (0.25-4.0 mg/ml;
dissolved in respective solvent) and quercetin
standard solution was mixed with 1.25 ml of
distilled water followed by the addition of 75 μl of
5% (w/v) sodium nitrite solution. After few min,
150 μl of 10% (w/v) aluminum chloride solution
was added and allowed to stand for further 5 min
before the addition of 0.5 ml of 1 M NaOH. The
mixture was then made up to 2.5 ml with distilled
water and mixed well. Absorbance was measured
immediately at 510 nm. The result was expressed
as quercetin equivalents (mg/g extract) All
estimations were performed in triplicate.

In vitro antioxidant assays

DPPH radical scavenging activity : DPPH
radical scavenging activity was carried out
according to the method described earlier (16)
with slight modifications. To different
concentrations of various extracts of ST (0.5 ml,
1-400 μg/ml), 1 ml of methanolic solution of 0.1
mM DPPH was added. The mixture was then
allowed to stand in the dark for 30 min and
absorbance was measured at 523 nm. Methanol
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was utilized as the baseline correction. The results
were compared with that of the control prepared
as above without sample. The antioxidant activity
of the extract was expressed as IC50, the
concentration (μg/ml) of extract that inhibited 50
% of DPPH radicals. Ascorbic acid was used as
the positive control and each study was performed
in triplicate. The scavenging activity was then
estimated using the formula:

% scavenging = [( Ablank – Asample) / Ablank]  100

Where, Ablank is the absorbance of the control
reaction (containing all reagents except the test
compound) and Asample is the absorbance of the
test compound.

Superoxide radical scavenging activity :
Superoxide scavenging activity was determined
by the nitrobluetetrazolium (NBT) reduction
method (17) with minor modifications. To the
reaction mixture containing 0.2 ml of NBT (1mg/
ml in DMSO) and 0.6 ml of extract (1- 800 mg/
ml), 2 ml of alkaline DMSO (1 ml DMSO in 5 mM
NaOH) was added to give a final volume of 2.8 ml.
The absorbance was recorded at 560 nm.  The
blank consisted of pure DMSO instead of alkaline
DMSO. Ascorbic acid was used as the standard
and the ability of ST extracts to scavenge the
superoxide radical was calculated using the
formula:

% scavenging =(Ae - Ao/ Ae) × 100

Where, Ao is absorbance without sample
and Ae is absorbance with sample.

ABTS radical scavenging activity : The
scavenging activity of ST extracts for ABTS radical
was determined using the method of Re et al.
(18). A stock solution was prepared by mixing
equal volumes of 7 mM ABTS solution and 2.45
mM potassium persulfate solution. The solution
was incubated at room temperature in the dark
for 12 hr to yield a dark-coloured solution containing
ABTS.+ radicals. A working solution was prepared
freshly before each assay by diluting the stock
solution with 50% methanol for an initial
absorbance of about 0.700 (±0.02) at 745 nm.

The scavenging activity was then assessed by
mixing 150 μl of different fractions of various
extracts (1-200 μg/ml, dissolved in their respective
solvents) with 1.5 ml of ABTS working standard.
The decrease in absorbance was measured
immediately at 745 nm. Each experiment was
done in triplicate. Ascorbic acid was used as
positive control. The scavenging activity was then
estimated based on the formula:

% scavenging = [( Ablank – Asample) / Ablank]  100

Where, Ablank is the absorbance of the control
reaction (containing all reagents except the test
compound) and Asample is the absorbance of the
test compound.

Reducing power : The reducing power of ST
extracts was determined using the method
described earlier (19) with slight modifications.
Different extracts of ST dissolved in their respective
solvent (1-1000 mg/ml) was mixed with 2.5 ml of
0.2 M phosphate buffer (pH- 6.6) and 2.5 ml of
1% potassium ferricyanide solution. The mixture
was incubated at 50°C for 20 min after which 2.5
ml of 10% TCA was added. The mixture was then
centrifuged at 3000 rpm for 10 min and 2.5 ml of
the supernatant was mixed with 2.5 ml of distilled
water and 0.5 ml of 1% ferric chloride solution.
Absorbance was measured at 700 nm. Increased
absorbance of the reaction mixture indicated
increase in reducing power of the extract.

Ex vivo antioxidant assay

Anti-hemolytic activity : The antioxidant activity
of different extracts of ST was measured
according to the inhibition of erythrocyte
hemolysis (20). Blood was collected from mice of
same age group (10-12 w) and body weights (25-
27 g) by means of heart puncture in a heparinized
tube. The mice erythrocyte hemolysis was
performed with H2O2 as free radical initiator. To
0.5 ml of 5% (v/v) suspension of RBC in PBS, 0.4
ml (0.5 mg/ml) of different extracts and 100 μl of 1
mol/L H2O2 was added. The reaction mixture was
shaken gently while being incubated at 37°C for 3
hr. After incubation the reaction mixture was again
diluted with 4 ml of PBS and centrifuged at 2000
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rpm for 10 min. The supernatant was collected
and absorbance was measured at 540 nm. The
rate of inhibition of erythrocyte hemolysis was
calculated using the formula:

Inhibition rate % = [1 - (A1 – A2)/ A0] × 100
Where, A0 is the absorbance of control (without
extract), A1 is the absorbance in the presence of
the extract and A2 is the absorbance without
sample (RBC).

Lipid peroxidation inhibition assay : Lipid
peroxidation in mice liver was induced by FeCl2-
H2O2 (21). Briefly, liver was excised from mice
and 1% liver homogenate was prepared. The liver
homogenate was centrifuged at 3000 rpm at 4ºC
for 10 min and the supernatant was used for the
assay. The supernatant (0.5 ml) was mixed with
0.5 ml (0.5 mg/ml) of extracts and then incubated
at 37ºC for 1 hr after mixing with 0.25 ml each of
0.5 mol/L FeCl2 and H2O2. After incubation, the
formation of malonaldehyde (MDA) was measured
at 535 nm. The inhibitory effect was calculated
as:
Inhibition rate % = [1 - (A1 – A2)/ A0] × 100
Where, A0 is the absorbance of control (without
extract), A1 is the absorbance in the presence of
the extract whereas A2 is the absorbance without
liver homogenate.

Animal model : The inbred Swiss albino mice
colony is being maintained under controlled
conditions of temperature (22 o C ± 5oC) and 12 h
light-dark cycles (Frontier Euro Digital Timer,
Taiwan) at the Animal Care Facility of the
Department of Zoology, Mizoram University,
Aizawl, India. The animals were fed with
commercially available food pellets and water ad
libitum. The animal care and handling was carried
out according to the guidelines issued by World
Health Organization, Geneva, Switzerland. The
study was approved by the Institutional Animal
Ethical Committee, Mizoram University, India vide
approval No. MZU-IAEC/2018/09.

Statistical analysis : Data are expressed as mean
± standard error of mean. The IC50 values were
calculated using Graph pad prism software ver.

6.0 by plotting the values against the log doses.
One-way analysis of variance (ANOVA) was
performed to test the significant variations on
phytochemical contents and the antioxidant
assays of various extracts followed by Tukey
multiple comparision of means. SPSS ver.16.0
software (SPSS Inc, Chicago, Illinois, USA) and
Graph pad prism software ver. 6.0 were used for
the statistical and graphical evaluations. A p-value
of less than 0.05 was considered statistically
significant.

Results and Discussion
Phytochemical analysis : Qualitative screening
revealed the presence of various active and
naturally occurring phytochemicals such as
alkaloids, cardiac glycosides, saponins, steroids,
tannins and terpenoids in different extracts of S.
tuberosa (Table 1). These phytochemicals belongs
to polyphenolic compounds and have been
reported to possesses numerous pharmacological
values including anti-malarial (22), astringents (23),
anti-inflammatory (24), anti-ulcer and antimicrobial
activities (25).

Total phenolic and flavonoid contents: The total
phenolic content of ST extracts increased in a
concentration dependent manner (Fig. 1). At 8
mg/ml, STME has significantly higher (p<0.001)
total phenolic content (715.20 ± 2.42 mg gallic
acid equivalent/g of dry extract) than that of STCE
(549.49 ± 16.67 mg gallic acid equivalent/g of dry
extract) and STAE (367.92 ± 2.47 mg gallic
equivalent/g of dry extract). The total flavonoid
content of various extracts of ST also increased
with the increase in concentration of the extracts
(Fig. 2). At 8 mg/ml of extracts, STME has the
highest (p<0.001) total flavonoid content (4890.13
± 8.97 mg quercetin equivalent/g of dry extract)
as compared to other fractions of the ST extracts
(4556.94 ± 13.70 mg quercetin equivalent/g of dry
extract for STAE; 2902.48 ± 6.26 mg quercetin
equivalent/g of dry extract for STCE). The present
study indicated the presence of significant
amounts of flavonoid and phenolic compounds in
ST extracts. Phenolic compounds have been
reported to show antioxidant activity by scavenging
or stabilizing free radicals due to their conjugated
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Fig.  1: Phenolic content of various extracts of
S. tuberosa determined as gallic acid
equivalent. Values are expressed as Mean ±
SEM, n=3. Different letters indicate significant
variation.

Fig.  2: Flavonoid content of various extracts of S.
tuberosa determined as Quercetin equivalent. Values
are expressed as Mean ± SEM, n=3. Different letters
indicate significant variation.

Lalmuansangi et al

Table 1: Phytochemical screening of various extracts of S. tuberosa. (‘+’ indicates presence of
phytochemicals and ‘–’ indicates absence of phytochemicals).

Phytochemicals Reagent Colour Indication STCE STME STAE

Alkaloids Dragendorff’s Reddish brown + + +
Reagent precipitate

Cardiac Glacial Acetic Brown ring
glycosides  Acid Ferric Chloride  +  +  +

Sulphuric Acid

Saponins Olive oil Whitish Emulsion  +  +  +

Steroids Sulphuric Acid Red Colour  +   -   -

Tannins Ferric Chloride Brownish Green or  +   +   +
blue-black

Terpenoids Sulphuric acid Reddish Brown  +  +   +

Phlobatannins Hydrochloric acid Red precipitate  -  -  -
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ring structures and presence of hydroxyl groups
(26 and 27). Phenolic compounds have also been
reported to exhibited antiallergenic, antimicrobial,
anti-artherogenic, antithrombotic, anti-
inflammatory, vasodilatory and cardioprotective
effects (28 and 29). Similarly, flavonoids are also
reported to have antioxidative action through
scavenging or chelating process (30).

In vitro antioxidant assay
DPPH radical scavenging activity : Various
extracts of ST showed a concentration dependent
increase in the scavenging of DPPH radicals as
indicated by the discoloration of DPPH. Maximum
scavenging was observed at a concentration of
200 μg/ml for all the extracts. Log-doses of various
extracts of S. tuberosa and standard ascorbic
acid (ASA) were plotted against DPPH inhibition
(%) for the calculation of IC50 (Fig. 3). STCE
showed the highest scavenging activity (lowest
IC50; 7.36 ± 0.08 μg/ml) followed by STME (IC50;
13.46 ± 0.04 μg/ml) and STAE (IC50; 18.41 ± 0.16
μg/ml). The IC50 of STCE does not significantly
differ (p > 0.05) from that of the standard ASA
(IC50;6.57 ±1.01 μg/ml) (Fig. 4). It has been
reported that the reducing capability of the
methanolic DPPH solution to a non-radical DPPH-
H form by various compounds such as cystein,
glutathione, ascorbic acid and tocopherol was due
to their hydrogen donating ability (31 and 32). In
the present study, various solvent extracts of ST
effectively reduced the stable radical DPPH to the
yellow-colored diphenyl-picrylhydrazine probably
due to presence of certain active compounds that
are capable of donating hydrogen to a free radical
in order to remove odd electron.

Superoxide radical scavenging activity :
Superoxide radical scavenging activity of various
extracts of ST showed a concentration dependent
inhibition of superoxide radical generation.
Maximum O2

·- scavenging activity was observed
at a concentration of 800 μg/ml for STME and
STAE. STME possessed the highest scavenging
activity (IC50; 98.93 ± 3.37 ìg/ml) followed by STAE
(241.83 ± 3.15 μg/ml) while the IC50 of STCE was
indeterminable within the given concentration (800

μg/ml). The IC50 of STME and STAE are
significantly higher (p < 0.01) than that of the
standard ascorbic acid (IC50; 262.20 ± 4.25 ìg/ml)
(Figure 6). Superoxide (O2

−) radical serves as a
precursor of most of the reactive oxygen species
(33) and can be decomposed to form stronger
oxidative species such as singlet oxygen and
hydroxyl radicals, which are very harmful to the
cellular components and can initiate lipid
peroxidation (34). Thus, neutralization of
superoxide radical will inhibit the chain of ROS
generation and protect the cells from oxidative
stress. It has also been reported that antioxidant
properties of some flavonoids are effective mainly
through scavenging of superoxide anion radical
(35). Thus, the presence of significant amount of
flavonoids in ST extracts might be responsible for

Fig.  4: IC50 (ìg/ml) for DPPH of various extracts of S.
tuberosa and standard ascorbic acid. Values are
expressed as Mean ± SEM, n=3. Different letters
indicate significant variation.

 Free radical scavenging activities and antioxidative potential of Stemona tuberosa.

Fig.  3: Plots of log-doses of various extracts of S.
tuberosa and standard ascorbic acid (ASA) against
DPPH inhibition (%) for the calculation of IC50.
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their scavenging activity against superoxide
radical. Interestingly, the scavenging potentials
of STME and STAE were even better than the
standard ascorbic acid.

ABTS radical scavenging activity : ABTS•+

radical scavenging activity of ST extracts
increased in a concentration dependent manner
as indicated by discoloration of the ABTS•+, which
was measured spectrophotometrically at 745 nm.
Maximum scavenging activity was observed at a
concentration of 200 μg/ml for all the extracts.
Log-doses of various extracts of S. tuberosa and
the standard ascorbic acid (ASA) were plotted
against ABTS•+ inhibition (%) for the calculation
of IC50 (Fig. 7). Among the various extracts, STME
possessed the highest ABTS•+ scavenging activity
(IC50; 36.20 ± 0.83 μg/ml) followed by STAE (IC50;
45.12 ± 0.79 μg/ml) and STCE (IC50; 66.8 ± 1.04
μg/ml) (Fig. 8). The effectiveness of any compound
in stabilization of the preformed ABTS •+ to ABTS
depends on the molecular weight of phenolic
compounds, the number of aromatic rings and
nature of hydroxyl group’s substitution than the
specific functional groups (36). Hence, the ABTS•+

scavenging activity of ST extracts might be due
to the presence of high molecular weight phenolics
such as catechin, and rutin derivatives.

Reducing power : The reducing power of various
extracts of ST was determined by measuring the

Fig.  5: Plots of log-doses of various extracts of S.
tuberosa and standard ascorbic acid (ASA) against
superoxide radical inhibition (%) for the calculation
of IC50.

Fig.  6: IC50 (ìg/ml) for superoxide radical inhibition of
various extracts of S. tuberosa and standard
ascorbic acid. Values are expressed as Mean ± SEM,
n=3. Different letters indicate significant variation.

Fig. 7: Plots of log-doses of various extracts of S.
tuberosa and standard ascorbic acid (ASA) against
ABTS inhibition (%) for the calculation of IC50.

Fig. 8: IC50 (ìg/ml) for ABTS of various extracts of S.
tuberosa and standard ascorbic acid. Values are
expressed as Mean ± SEM, n=3. Different letters
indicate significant variation.
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transformation of Fe3+ to Fe2+. The reducing activity
of ST extracts increased in a concentration
dependent manner (Figure 9). At 1000 ìg/ml, the
highest reducing activity was shown by STME
(1.975 ± 0.002) followed by STCE (1.952 ± 0.005)
and STAE (1.016 ± 0.007). The reducing power of
a compound may serve as a significant indicator
of its potential antioxidant activity. However, the
activity of antioxidants has been assigned to
various mechanisms such as prevention of chain
initiation, binding of transition-metal ion catalysts,
decomposition of peroxides and prevention of
continued hydrogen abstraction, reductive
capacity and radical scavenging (37). The dose
dependent increase in the reducing power of the
ST extracts also suggested their potent
antioxidant activity.

Ex-vivo antioxidant assay
Anti-hemolytic activity : Erythrocytes were
considered to be the major target of free radicals,
leading to membrane damage and consequently
to hemolysis (38 and 39). The anti-hemolytic
activity of various extracts of ST increased in a
concentration dependent manner (Fig. 10). At 1
mg/ml, STCE possessed the highest (p < 0.001)
inhibitory activity against erythrocyte hemolysis
with an inhibition rate of 68.82 % followed by STME

Fig. 9: Reducing power of various extracts of S.
tuberosa. Values are expressed as Mean ± SEM,
n=3.Values are expressed as Mean ± SEM, n=3.
Different letters indicate significant variation.

Fig.  10: Anti-hemolytic activity of various extracts of
S. tuberosa. Values are expressed as Mean ± SEM,
n=3. Different letters indicate significant variation.

Fig. 11: Lipid peroxidation inhibition of various extracts
of S. tuberosaat a concentration of 0.5 mg/ml. Values
are expressed as Mean ± SEM, n=3. Different letters
indicate significant variation.

and STAE with the inhibition rate of 38.58 % and
20.81 % respectively (Fig. 10). The protective
effect of ST extracts on erythrocyte hemolysis
could be due to the presence of significant
amounts of phenolic and flavonoid compounds.
Certain phenolic compounds have been reported
to partition in the cell membrane, hindering
diffusion of free radicals and consequently
decreasing the kinetics of free radicals reactions
(40). In addition, flavonoids upon binding to the
erythrocytes membrane inhibit lipid peroxidation
and improved their integrity against cell lyses (41).

 Free radical scavenging activities and antioxidative potential of Stemona tuberosa.
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The study indicated that the tuber extracts of ST
contains molecules that might interacts with the
membrane lipids of erythrocyte membrane and
providing protective action against hemolysis.

Lipid peroxidation inhibition : In biological
systems, lipid peroxidation generates certain
degradation products such as MDA that are
considered to be an important cause of cell
membrane destruction and cell damage (21). S.
tuberosa extracts exhibited moderate activity
against lipid peroxidation inhibition in liver
homogenate. At a concentration of 0.5 mg/ml,
inhibition rates were significantly different among
various extracts of ST (F2,6=514.95) and STME
possessed the highest (p<0.001) inhibitory activity
against lipid peroxidation with an inhibition rate of
80.55 % followed by STCE and STAE with the
inhibition rate of 67.81 % and 62.64 % respectively
(Fig. 11).

Conclusions
The present study revealed the presence of

significant amounts of phenolic and flavonoid
compounds along with various active polyphenolic
compounds such as alkaloid, cardiac glycosides,
saponins, steroids, tannins and terpenoids. This
study also demonstrates that various solvent
extracts of Stemona tuberosa exhibit a
concentration dependent inhibition of free radicals,
ferric reducing power, anti-hemolytic and inhibitory
action against lipid peroxidation. The radicals
scavenging activity and the antioxidative property
of ST might be due to presence of significant
phytochemical contents. However, an effort to
understand the mechanism(s) through which ST
exerts antioxidant activities need to be investigated
further.
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