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ABSTRACT
Medicinal Plants have been known to contain significant preventive and curative compounds,
which are potent in combating various bacterial infections. Our study focused on assessing
the antimicrobial activities and antioxidant activities of M. oleifera crude extracts (leaf and
seed) using the in-vitro method. Different polarity-based solvent extracts of M. oleifera were
screened against ESBL producing pathogens such as E. coli, K. pneumoniae, E. aerogens,
Proteus mirabilis, and P. aeruginosa. Out of all the tested extracts, methanolic extracts of the
seed of M. oleifera exhibited the most effective activity against Proteus mirabilis (29±0.577).
Results obtained from all the extracts were compared with standard antibiotic amikacin. The
antioxidant activity was determined using a DPPH assay and the data obtained showed that
seed and leaf extracts of M. oleifera were highly antioxidant. The reference compound used to
compare the results of antioxidant values was Gallic acid. The study provides valuable evidence
of the antibacterial activity of M. oleifera crude extracts (leaf and seed) in curing Urinary Tract
Infections.
Keywords: Antimicrobial, antioxidant, ESBL, UTI

INTRODUCTION
Urinary tract infections are a major public health issue
globally. Every year millions of people are affected by
UTIs. Females are more likely to get UTIs and it usually
happens in the urinary system that is anatomically
normal. Inversely UTIs in males and children usually
manifests as a urinary tract lesion that must be diagnosed
by imaging techniques and commencement of treatment
to overcome the infection and avoid reappearance. MDR
has accelerated in recent years due to the extensive use
of antibiotics. Escherichia coli, Klebsiella, Streptococcus
pyogenes, S. faecalis, Pseudomonas vulgaris, P. faecalis,
Proteus vulgaris, and MRSA is the bacteria contributing to
Urinary tract infection. Bacterial resistance presents more
serious complications nowadays as compared to the earlier
cases. Recently, eco-friendly and bio-friendly medicinal

plants have gained considerable interest in the prophylaxis
and treatment of various human ailments (Dubey et al.,
2004; Shahid et al., 2013). Medicinal plants are the main
source of pharmaceuticals and healthcare products in
many countries (Ivanova et al., 2005; Jamshidi-kia et al.,
2018), as well as, they are widely employed in various
traditions around the world and also they are gaining more
popularity in modern scientific communities as natural
alternatives to synthetic compounds (Thilza et al., 2010).
Because of the outstanding nutritional and therapeutic
capabilities, Moringa species are well-documented plant
herbs. Moringa oleifera belongs to the family Moringaceae,
which grows, in Africa, Arabia, South Asia, South
America, the Himalayas, India, Pakistan, the Pacific, and
Caribbean Islands. The plant is also known as horseradish
tree, drumstick tree, Ben oil tree, or miracle tree. The
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plant has been well known for its different therapeutic
values as involved in the treatment of malaria and has antihelminthic, antimicrobial properties, detoxifying ability
and immunological boosting capacity therefore has been
subjected to extensive research (Vishwakarma et al., 2013;
Viera et al., 2010). The present study aims at analyzing the
bactericidal and antioxidant properties of Moringa oleifera
in various polarity-based extracts against isolated drugresistant uro-pathogens thereby providing an alternative
means of therapy.

MATERIAL AND METHODS
Collection and source of plant material

The fresh leaves and seeds of Moringa oleifera were
collected from Ghaziabad, Uttar Pradesh from mature
plants (approx. length of 1 to 2 meters). The leaves and
seeds were shade dried for one to two weeks followed by
the preparation of fine powder in a mixer grinder to obtain
particle size less than 100μM. The powder was stored in a
moisture-free environment for further use.

Preparation of Extracts

For the extraction, the powdered leaves and seeds were
extracted with solvents of increasing polarity. 25g of plant
powder was placed in the Soxhlet extraction apparatus
and solvents in increasing polarity are subjected in series
(organic ethyl acetate, methanol and aqueous) (Vishnu et
al., 2010). A rotary evaporator was used to make extracts
solvent-free and concentrated.

Microorganisms:

ESBL uropathogens (E. coli, K. pneumoniae, P. mirabilis,
P. aeruginosa, E. aerogens) were isolated from urine
samples from outpatients of varied age groups (05–65
years) of urinary tract infections (UTIs) with signs and
symptoms (Mishra et al., 2021). According to Cowan &
Steel’s methodology, Cultural characteristics of isolates
were studied on selective and differential culture media to
confirm their authentication (Barrow et al., 2003).

Agar Well diffusion method for antibacterial
activity

The agar well diffusion method was used to investigate
the antibacterial properties of all Moringa oleifera extracts
(ethyl acetate, methanol, aqueous) (NCCLS, 2000;
Chauhan et al., 2012). The extract concentrations were
prepared as 1.0mg/100μl and 2.0mg/100μl. The antibiotic
Amikacin (1.0mg/100μl, 2.0mg/ 100μl) was employed as
a positive control. The results were recorded as the mean
zone of inhibition with standard error.

Minimum Inhibitory Concentration (MIC)

For determination of the minimum inhibitory concentration,
tests were performed in microtiter plates using Muller-
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Hinton broth, and extracts were diluted in successive wells
(NCCLS 2000). In each well 20µl of isolated uro-pathogen
is added at the standard concentration of 5 X 105Cfu/ml.
The experimental negative and positive controls were twofold serial dilutions of DMSO and amikacin respectively.
The plates were incubated for 24 hours at 37°C. The MIC
was determined as the lowest concentration at which the
extract or standard antibiotics exhibited no observable
growth (turbidity).

Antioxidant activity:
DPPH free radical scavenging activity

The 2, 2-diphenyl-1-picryl-hydrazyl hydrate (DPPH)
assay was used to determine the free radical neutralizing
capacity of ethyl acetate, methanol, and aqueous extracts
of the selected plant. In a test tube, 700µl of test sample
solution was mixed with 800µl of 0.1MTris HCl buffer
(pH-7.4) followed by the addition of 1ml of the DPPH
solution. After mixing the suspension thoroughly it was
incubated at room temperature in the dark. Exactly after 30
min of the addition of the DPPH solution, the absorbance
was recorded at 517nm. Gallic acid, a commercially
available antioxidant compound was used as a standard.
For blank preparation, 1.7ml of ethanol and 800μl of TrisHCl buffer was mixed. (Farrukh et al., 2003).
Percentage scavenging activity (%) was calculated by the
formula.
DPPH Scavenging activity (%) = (AbsC AbsS/AbsC)
×100.
Where Abs S is the absorbance of the sample
Abs C is the absorbance of the control.
The antioxidant activity of the extract was expressed
as IC50. IC50 was calculated through linear regression
analysis. IC50value is the concentration of extract that
inhibits the formation of radicals by 50 %.

RESULTS

A total of one hundred fifty-five urine samples were
collected for the study. Results obtained showed that
the incidence of infection among females (70.32%) was
found to be higher when compared to males (29.68%)
(Table-1) The samples yielded the Escherichia coli,
Klebsiella pneumoniae, Enterobacter aerogenes, Proteus
mirabilis, P. aeruginosa as the prominent ESBL pathogens
in the present study. Using the Soxhlet extraction method
extracts were prepared in a series of various solvents with
increasing polarity: ethyl acetate (4.4), methanol (5.1),
and Water (9.0). The results revealed that the extraction of
varied compounds is based upon the polarity index of the
solvents. Water is the highest polar solvent followed by
methanol and ethyl acetate. (Table-2). The study emphasizes
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the determination of antibacterial activity in terms of
inhibition zone (in mm) against isolated uro-pathogens
using the agar well diffusion method. Antimicrobial results
showed that Seed extracts (MS3) and Leaf extracts (ML1,
ML2, ML3) have a high inhibitory impact on the isolated
uro-pathogens (Table-3). The antibacterial activity was
found to be dose-dependent. MS2 extract has the highest
suppressing ability against Proteus mirabilis (29±0.577)
at a concentration of 1.0mg/100μl whereas moderate to
least inhibition was shown by MS3 and MS1 in the order.
E. coli and P. aeruginosa were resistant to MS3 extract at
the concentration of 1.0mg/100μl whereas MS1 and MS2
extract of M. oleifera effectively suppressed the E. coli
(11±0.577), (9±0.577) at a concentration of 1.0mg/100μl
respectively. E. aerogens and K. pneumoniae were
resistant to MS1 extract but MS2 was active against the
pathogens (14±0.577) at a concentration of 1.0mg/100μl
followed by MS3 (6±0.577, 17±0.577) at the same
concentration. P. mirabilis was resistant to ML1 extract
whereas sensitive against ML2 extract (17±0.577) at the
concentration of 1.0mg/100μland ML3 extract (14±0.577)
at the same concentration. P. aeruginosa was found to be
resistant to ML3 but sensitivity was observed in ML1 and
ML2 (11.5±0.289, 12±0.577) to inhibit the pathogen at
the same concentration. E.erogens was resistant to ML2
extract at the concentration of 1.0mg/100μl. ML1, ML2,
ML3 extracts remarkably inhibited K. pneumoniae at the
concentration of 1.0mg/100μl. P. aeruginosa was resistant
to ML2 but ML1 (11.5±0.289) and ML3 (12±0.577) extract
inhibited the euro-pathogen. (Fig 1, Fig 2). Microbicidal
properties of M. oleifera extracts were compared to those
of standard antibacterial drug Amikacin (positive control).
The minimal dose required to prevent microorganism
growth in reference was found between 1.0-0.0312mg/
ml (Table-4, 5, 6, 7, 8, 9). The minimal dose required to
inhibit the growth of P. mirabilis was found to be the same
for all the extracts of M. oleifera, MS1, MS2 and MS3
extracts (0.0312mg/ml) whereas MS3 extract inhibited E.
aerogens at a similar concentration as Proteus mirabilis
(0.0312mg/ml). The minimum inhibitory concentration
required to inhibit K. pneumonia, E. coli, was 0.0625mg/
ml (ML1, ML2 extract) andML3 extract inhibited E.
aerogens at the same concentration. The minimum
inhibitory concentration required to inhibit the growth of
P. aeruginosa was found to be the same for ML1, ML2,
and MS3 extracts (0.125mg/ml). The MIC values of all
seed extracts, MS1, MS2, and MS3 were recorded as
0.0312mg/ml, and 0.0625mg/ml for Proteus mirabilis,
which is the same value as those of Amikacin. The MIC
values of MS3 and ML1 extracts were 0.0312mg/ml, and
0.0625mg/ml against E. aerogens were having similarity
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to the standard drug Amikacin. These values indicated the
bactericidal properties of the extracts of M. oleifera.
DPPH is one of the free radicals widely employed for
testing the radical scavenging activity of a compound or a
plant extract. DPPH neutralizing activity and IC50 value
of Gallic acid (5.65±0.401) were compared with all the
extracts of M. oleifera leaf (ML) and seed (MS) which
showed a comparable high antioxidant activity ( (fig 3). The
employed method indicated that the antioxidant activities
of M. oleifera leaf extract (ML2, ML3), (5.46±0.006,
1.09±0.00) were the highest in comparison to the
antioxidant activities of seeds (MS2, MS3) (8.55±0.401,
4.13±0.006). ML1 and MS1were found to be least in order
of antioxidant activity.

DISCUSSION
Traditional medicinal herbs are in a continuous process of
being extensively tested against various drug-resistant uropathogens to present a better choice of therapy (Erdoorul
et al., 2002). A majority of the scientific fraternity from
all over the world has investigated and documented the
antibacterial properties of herbal extracts (Reddy et al.,
2001; Valarmathy et al., 2010). Herbal and polyherbal
formulations have extensive disease curing potential as
they can combat human bacterial pathogens with fewer
adverse effects than synthetic antimicrobials. In the last
three decades, there has been an increase in the degree of
resistivity against commercial antibiotics (Dahanukar et
al., 2000). M. oleifera is a valuable medicinal plant with
a varied range of medicinal applications and effective
nutritional value. The microbicidal efficacy of Moringa
oleifera leaf and seed extracts against drug-resistant
bacteria isolated from urinary tract infections was tested
in the study. In the present-day scenario, plant research is
becoming more common and there is a growing market
as pharmaceuticals are adopting bioingredients as novel
candidates for the preparation of drugs (Dewagan et al.,
2010). Moringa oleifera’s antibacterial characteristics have
been documented against a range of pathogens including
S. aureus, S. Albus, S. pyogenes P. aeruginosa, Salmonella
gallinarum, B. subtilis and E. coli (Kumar, 2012. Sawhney
2011). Multiple drug resistance in human pathogens has
increased in recent years because of chemically produced
antibiotics in the treatment of their disease (Mohanasundari
et al., 2007). Bacteria can develop and transfer antibiotic
resistance through various mechanisms such as horizontal
gene transfer (Atawodi, 2010).
Antioxidants are beneficial in suppressing the
overproduction of free radicals, which occur in humans
due to chronic, severe and persistent bacterial infections.
DPPH is a free radical used to assess a chemical
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compound’s or a plant extract’s radical scavenging
activity. DPPH scavenging activity and IC50 value of
Gallic acid (5.65±0.401) compared with all the extract of
M. oleifera leaf (ML) and seed (MS) showed a comparable
good antioxidant activity (Fig. 3, 4). The results obtained
indicated that the free radical neutralizing activities of M.
oleifera leaf extract (ML2, ML3), (5.46±0.006,1.09±0.00)
were the highest in comparison to the antioxidant
activities of seeds (MS2, MS3) (8.55±0.401,4.13±0.006).
The present study came up with the Moringa oleifera as a
potent source of antioxidants. M. oleifera has the potential
to become an encouraging natural antimicrobial agent
with pharmaceutical aspects for combating pathogenic
microorganisms. In the process of production of herbal
formulations, safety and toxicity must always be taken
into account. Various researchers also have observed the
variable antibacterial effects of Moringa oleifera leaf
extracts on pathogenic microbes (Devendra et al., 2011).
Moringa oleifera leaves were found to have disease-curing
abilities against a wide range of pathogens like Escherichia

coli, Pseudomonas aeruginosa, Staphylococcus aureus
and Streptococcus pyogenes.
Table 1. The distribution rate of ESBL pathogens in infected
patients (Gender-wise) with UTI.
Gender

Culture result (%)

Total (%)

Positive

Negative

Female

64 (73.56)

45 66.16)

109 (70.32)

Male

23 (26.44)

23 (33.82)

46 (29.68)

Total

87 (56.12)

68 (43.9)

155 (100)

Table-2. Yield percentage of M. oleifera (leaf and seed) from
different solvents.
Plant part

Solvent

Yield%

Leaf

Ethyl Acetate

14.2

Methanol

12.4

Aqueous

8.23

Ethyl Acetate

39.24

Methanol

13.64

Aqueous

40.04

Seed

Table-3. Antimicrobial effect of M. oleifera leaves (ML) and seeds (MS) against ESBL producing Microbes.
Test
organism
P.m

Plant
part

Leaf

E.c

K.p
E.a

P.a
Test organi- Seed
Sm
P.m
E.c
K.p
E.a
P.a

ML1
A1
19±
0.577
14±
0.577

A2

C3

14±
0.577
18±
0.577

15±
0.577
18±
0.577

13±
0.577
MS1

11±
11.5±
0.577 0.289

A1
18±
0.577
16±
0.577
14±
0.577
18±
0.577
14±
0.577

A2
20±
0.577
14±
0.577
13±
0.577
19±
0.577
16±
0.577

ML2

ML3

C4

A1

A2

C3

C4

A1

A2

-

18
0.577
13
0.577

16 0.577

17 0.577

15 0.577

14 0.577

14 0.577

12 0.577

11 0.577

16
0.577
14
0.577

14
0.577
18
0.577

15 0.577

12 0.577

11 0.577

16 0.577

19 0.577

-

14
0.577
11.5 0.28 19
9
0.577

10±
0.577

12
0.577
MS2

13 0.577

10 0.577

-

12 0.577

C3
24±
0.577
11±
0.577
-

C4
22±
0.577
10±
0.577
-

A2
19 0.577

C3
29 0.577

C4
28 0.577

-

-

-

-

A1
19
0.577
16
0.577
18
0.577
18
0.577
16±
0.577

18±
0.577
13±
10±
0.577 0.577
13±
0.577
16±
0.577

11±
0.57
7
-

13
0.577
MS3

A1
18
0.577
18 0.577 9 0.577
8 0.577
18
0.577
16 0.577 14 0.577 12.5 0.28 13
9
0.577
17 0.577 10.5 0.28 12 0.577 18
9
0.577
14± 0.577 9.0±
11±
15±
0.577
0.577
0.577

13 0.577

18 0.577

A2
19 0.577
16 0.577
12 0.577
17 0.577
14±0.577

C3
14
0.577
--

C4
15.5
0.763
-

9
0.577
16
0.57
7
12
0.577

10
0.577
-

C3
27
0.577
-

C4
28
0.577
-

6
0.577
17
0.577
-

7 0.577

10
0.577

11
0.577
9±
0.577

(ML=M. oleifera (L), ML1=EtAC, ML2=Methanol, ML3=Aqueous, Ms= M. oleifera (S), MS1=EtAC, MS2 Methanol, MS3=Aqueous,
A1&A2=Amikacin
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Table-4. The Minimum Inhibitory Concentration of MS1 extract against isolated uropathogens.
Microbes

Range (milligram/
milliliter)

MIC values
(control) (milligram/
milliliter)

MIC values
(extract) (milligram/
milliliter)

MIC Index
(control

MIC Index
(extract

P.m

1.0-0.0312

0.0312

0.0312

2

2

E.c

1.0-0.0312

0.0312

0.125

2

2

Table-5. The Minimum Inhibitory Concentration of MS2 extract against isolated uropathogens.
Microbes

Range (milligram/
milliliter)

MIC values
(control) (milligram/
milliliter)

MIC values
(extract) (milligram/
milliliter)

MIC Index
(control

MIC Index
(extract)

Pm

1.0-0.0312

0.0312

0.0312

2

2

E.a

1.0-0.0312

0.0312

0.0625

2

2

K.p

1.0-0.0312

0.0312

0.0625

2

2

Table-6: The Minimum Inhibitory Concentration of MS3 extract against isolated uropathogens.
Microbes

Range (milligram/
milliliter)

MIC
(control) (milligram/
milliliter)

MIC
(extract)
(milligram/milliliter)

MIC
Index (control)

MIC
Index (extract)

P.m

1.0-0.0312

0.0312

0.0312

2

2

E.a

1.0-0.0312

0.0312

0.0312

2

2

P.a

1.0-0.0312

0.0312

0.125

2

2

Table-7: The Minimum Inhibitory Concentration of ML1 extract against isolated uropathogens.
Microbes

Range
(milligram/milliliter)

MIC
(control) (milligram/
milliliter)

MIC
(extract) (milligram/
milliliter)

MIC Index
(control)

MIC Index
(extract)

E.c

1.0-0.0312

0.0312

0.125

2

2

K.p

1.0-0.0312

0.0312

0.0625

2

2

E.a

1.0-0.0312

0.0312

0.0312

2

2

P.a

1.0-0.0312

0.0312

0.125

2

2

Table-8. The Minimum Inhibitory Concentration of ML2 extract against isolated uropathogens.
Microbes

Range
(milligram/milliliter)

MIC
(control) (milligram/
milliliter)

MIC
(extract) (milligram/
milliliter)

MIC
Index (control)

MIC
Index
(extract

P.m

1.0-0.0312

0.0312

0.0312

2

2

E.c

1.0-0.0312

0.0312

0.0625

2

2

KP

1.0-0.0312

0.0312

0.0625

2

2

P.a

1.0-0.0312

0.0312

0.0312

2

2

Table-9. The Minimum Inhibitory Concentration of ML3 extract against isolated uropathogens.
Microbes

Range (milligram/
milliliter)

MIC
(control) (milligram/
milliliter)

MIC
(extract) (milligram/
milliliter)

MIC
Index (control)

MIC
Index
(extract)

P.m

1.0-0.0312

0.0312

0.0312

2

2

E.a

1.0-0.0312

0.0312

0.0625

2

2

P.a

1.0-0.0312

0.0312

0.125

2

2

(P.m=Proteus mirabilis, K.p= Klebsiella pneumoniae, E.c= Escherichia coli, E.a=Enterobacter aerogens, P.a=Pseudomonas aeruginosa)
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(MS1-seed EtAC, MS2=Seed Methanol, MS3=Seed Aqueous,
C3=1.0mg/100μl, C4=2.0mg/μl)
Fig: 1. Graph showing different antibacterial activity of
different extracts of M. oleifera seed (MS) in millimeter.

ZOI in mm

30.00
25.00
20.00
15.00
10.00
5.00

ML1(C3)

P.m

ML1(C4)

E.a

K.p
Uropathogens

ML2(C3)

ML2(C4)

E.c

ML3(C3)

P.a

ML3(C4)

(ML1=leaf EtAC, ML2=Leaf Methanol, ML3=leaf Aqueous,
C3==1.0mg/100μl, C4=2.0mg/μl)
Fig: 2. Graph showing different antibacterial activity of M.
oleifera leaf (ML) extract in millimeters.

A

B
Fig: 3. Graph showing DPPH scavenging activity of different
solvent extract of leaves and seeds of M. oleifera.

Allopathic medicine undoubtedly provides immediate
relief but the numerous side effects on the human body have
also caused severe complications. So Herbal formulations
could be a better and safer choice of therapy to combat
bacterial infections. Based on data generated, it can be
concluded that Moringa oleifera (Leaf and seed) different
polarity-based extracts have exhibited significantly
effective antibacterial and antioxidant activity. The ML2,
ML3, MS2 and MS3 extracts were potent against drugresistant isolated uro-pathogens along with high dosedependent antioxidant power, which shall be beneficial in
neutralizing the overproduction of free radicals. Moringa
oleifera is a promising herb for the production of effective
drugs in pharmaceuticals. The study shall be extended to
in vivo experiments to explore the mechanism of action
of extracts.
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Abstract
The arid and rainfed black cotton to alluvial soils of Purna river basin from Varhad region
of Maharashtra were screened primarily for the presence of root nodulating nitrogen fixing
bacteria in the roots of soybean [Glycine max (L.) Merrill]. The selected isolates were
further subjected for secondary screening using cultural, microscopic and biochemical
characterization. This revealed the roots were infected by bacteroids that developed colonies
over YEMA and got discriminated from its common contaminants. The growth on differential
medium differentiated it into slow and fast growers. The growth at various physical parameters
like temperature and pH gave the tolerance to these bacteria at different levels. The standard
biochemical characterization of these isolates leads to confirm that the selected isolates belonged
to the species of Bradyrhizobium japonicum that can be further studied for its nitrogen fixing
efficiency to derive its bioresource potential to be used as a nitrogenous biofertilizer in the
commercial soybean cultivation of western Vidarbha.
Keywords: Soybean, Glycine max, Bradyrhizobium japonicum, bioresource, bioinoculants,
Purna river basin.

Introduction
Soybean [Glycine max (L.) Merrill] is one of the most
important grain Legume crops in the world. Maharashtra,
Madhya Pradesh and Rajasthan are the main soybean
producing states of India. Soybean possess high nutritional
value as it contains almost 40–42% proteins and 18–22%
cholesterol free oil comprising of 85 % Unsaturated fatty
acid (Meghvansi et al., 2010). Because of 40-45% protein
contents in its seeds, soybean requires high nitrogen
supply (Jaiswal et al., 2016). Soybean’s roots act as a
host for the nitrogen fixing bacteria like Bradyrhizobium
japonicum and Bradyrhizobium elkanii; those can obtain
more than 50 % of their nitrogen needs through biological
nitrogen fixation (Leggett et al., 2017). Symbiotic
nitrogen fixation (SNF) resulting from a mutual beneficial
interaction between soybean roots (macro-symbiont) and
bacteria (Bradyrhizobia, micro-symbiont) provides about

60-70% of total nitrogen requirement of the plant (Jaiswal
et al., 2016). Biological nitrogen fixation in soybean roots
improves the soil health and fertility through enrichment
of soil nitrogen and reducing the soil C/N-ratio besides it
also ameliorates the productivity of other crops (Jaybhaye,
2016). Soybean fixes about 49-130 kg/ha nitrogen and
saves about 15-40% chemical fertilizer (Dinkwar et al.,
2020, Ciampitti and Salvagiotti, 2018).
In agriculture, perhaps 80% of the biologically fixed
nitrogen comes from symbiosis between leguminous
plants and bacteria of family Rhizobiaceae. The family
Rhizobiaceae currently involves six genera: Rhizobium,
Sinorhizobium,
Mesorhizobium,
Allorhizobium,
Azorhizobium and Bradyrhizobium which are collectively
referred to as Rhizobia (Datta et al., 2015). Members of
the genus Rhizobium are known for their ability to develop
symbiotic Association with leguminous plants. They elicit
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the formation of specialized organs called nodules, where
bacteria can fix nitrogen to ammonia and make it available
for the plants (Niste et al., 2015).
Genus Bradyrhizobium with a single species, B.
japonicum was proposed as symbiont of soybean (Jordan,
1982). It is a dominant inhabitant of soybean root nodules.
The association between Rhizobia and soybean is
symbiotic, where the plant provides energy, carbohydrates
and micro-nutrients to the bacteria and in turn bacteria use
that energy to capture atmospheric nitrogen and make it
available to the plant.
By knowing the importance of these bacteria in
soybean, this study is aimed to isolate Bradyrhizobia from
soybean root nodules from the black cotton/clay soils of
Varhad (western Vidarbha) region of Maharashtra State of
India and characterize and identify the different isolates
of Bradyrhizobium on the basis of cultural, morphological
and biochemical characteristics and provide the cultures in
hand for its subsequent studies for the use as nitrogenous
biofertilizers during kharif season of soybean cultivation
to improve yield, productivity, fertility and sustainability.

Materials and methods
Soybean plants from kharif season were uprooted carefully
so that the intact roots can be obtained in the month of July
2019 from various locations in the Varhad region (Western
Vidarbha, Amravati, Akola and Buldhana District from
Purna river basin). The roots with healthy pinkish nodules
were collected and preserved at lower temperatures of 4-7
o
C, transported and processed further.
Soybean nodules were cut by knife from roots
and maintained under saline. Pinkish, healthy and
unbroken root nodules were selected, surface sterilised
by a disinfectant 0.1 % (w/v) HgCl2(aq) for 4-5 min and
subsequent treatment with 70 % (v/v) ethanol and then,
thoroughly washed with sterile distilled water to remove
the traces of disinfectants from the samples to avoid
it’s deleterious effect on Rhizobia. These nodules were
crushed in saline (0.85 % (w/v) NaCl) to obtain rhizobial
suspension for further isolation of root nodulating rhizobia
(Vincent, 1970). Streak plate method was employed to
isolate the nitrogen fixing and root nodulating bacteria
on Congo red yeast extract mannitol agar (YEMA) with
composition [Aqueous Media composition in % (w/v):
Yeast extract 0.1, Mannitol 1, K2HPO4 0.05, MgSO4 0.02,
NaCl 0.01, Congo red 0.0025, Agar 1.5, pH 6.8+0.2] and
incubated at 28+2 oC for 2-7 days. After incubation, single
well isolated colonies were selected and sub-cultured on
YEMA for pure culture (Gachande and Khansole, 2011).
These cultures were maintained as stock cultures in
YEMA slants, preserved at lower temperatures 4-7 oC in
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refrigerators and sub-cultured with a period of 3-4 months
for subsequent maintenance of stock.
These isolates were further characterized for
identification and confirmation of those as a Bradyrhizobia.
Cultural and morphological characterisation was done by
obtaining colonies by spread plate technique by spreading
an aliquot of 0.1 ml of bacterial suspension on YEMA
(30oC, 48h). The colony characteristics were recorded as
shape, size, diameter, transparency, colour, consistency,
mucous production and compared with standards of
Bergey’s Manual of Determinative Bacteriology (Half et
al., 1994). The morphological traits of individual isolated
cells were observed by compound light microscopy using
micrometry, simple, Gram’s, flagellar, spore, capsular
staining and motility techniques (Salle, 1954).
The selection of nitrogen fixing symbiotic bacteria
was done by differentiating the bacteria of interest with
other undesired properties that were shown by the probable
common contaminant Agrobacterium species while
selecting Rhizobacteria from Congo red YEMA plates
depending upon colony characteristics and acquiring
the colour of the dye Congo red by both the organism of
interest and disinterest (Maruekarajtinplenga et al., 2012,
Kaur et al., 2012).
For obtaining the slow growing cultures to further
study, utilise and exploit in agriculture and discriminating
it from fast growing cultures; the cultures were streaked
on BTB agar [YEMA without addition of Congo red,
supplemented with 0.25% v/v bromo-thymol blue dye
(0.5 % (v/v) ethanol stock)] plates for 28 ± 2 °C for 2-7
days and obtaining results of slow-growing isolates giving
blue colour reaction whereas fast-growing isolates giving
yellow colour Reaction (Somasegaran and Hoben, 1994).
The climatic temperature variation occurs in the region
of the study. Equally, the soil pH varies depending upon
location, natural and anthropogenic inputs from neutral to
alkaline. For testing the feasibility of the isolates at varying
temperature and pH, effect of these physical parameters
were checked by growing isolates on YEMA and YEMBroth at different temperatures ranging from 10°C to 40°C
with an interval of 5°C and cultivating these isolates at
different pH of YEMA and YEMB of 2, 3, 4, 5, 6, 7, 8 and
9 and incubating all for 72 h (Pawar et al., 2014).
The other biochemical tests were performed by
following standard methods and results were recorded.
Thus, catalase test (loopful of bacterial suspension dipped
into 10 % (v/v) H2O2 to find effervescence, Graham and
parker, 1964), citrate utilization test (citrate as a carbon
source by replacing mannitol with sodium citrate and
adding bromo-thymol blue dye and incubation at 30°C
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for 48 h; Koser, 1923), gelatine hydrolysis test (gelatin
liquefaction by using 1.5% (w/v) gelatin in nutrient broth;
Sadowsky et al., 1983), H2S test (stabbing the bacterial
suspensions in YEMA-stabs containing methionine or
cysteine for testing the reduction of sulphur containing
amino acids and production of H2S gas, Zobell and Feltham,
1934), urea hydrolysis (urea broth containing phenol red
as a pH indicator to observe transformation of colour from
pale yellow to an intense red-violet, Christensen, 1946),
standard MRVP (methyl red and Voges-Proskauer) test,
String test (Potassium hydroxide solubility checked by
mixing fresh loopful bacterial suspension into two drops
of 3 % (w/v) KOH(aq) on a glass slide for few seconds and
lifting loop up in the air upto 1 to 2 cm high for checking
thread formation, Suslow et al., 1982), starch hydrolysis
(Starch agar plates inoculated with 5-7 days old culture
and incubated in dark at 28ºC for 4 days and flooding
the incubated growth on plates with iodine solution for
checking the zone of amylolytic activity around growth,
Oliveira et al., 2007), oxidase test (rubbing a fresh growth
from solid culture medium and rubbing it on oxidase disk
containing N, N-dimethyl-p-phenylenediamine oxalate
and α-naphthol to check the blue colour for the presence
of cytochrome oxidase enzyme production, Kovaks,
1956) and ammonia production (growing isolates into
peptone broth and incubation at 30 ºC for 48 to 72 h and
then, Nesselerization is done to check brown to yellow
colour formation, Cappuccino and Sherman, 1992) were
performed and results were recorded.

Results and Discussions
Thousands of isolates showing majorly two types of
colony characteristics were found on Congo red YEMA,
out of which red coloured, non-mucoid, rough colonies
were ignored considering those of common contaminant
Agrobacterium sp. and from the hyaline mucoid colonies
obtained from 10-2 dilution level of natural nodular
bacteroidal inoculation, few rapidly growing were selected.
A rigorous study of the hundreds of isolated colonies
from Congo red YEMA plates to get and select the standard
characteristics of Bradyrhizobium in accordance with
Bergey’s Manual an extensive comparison was done and
the isolates that do not fall in the genus Bradyrhizobium
were discarded. The isolates that showed the exact
characteristics to that of standards were selected and
finally ten isolates were kept for further studies.
The selected isolates showed the cultural and
morphological characteristics of Bradyrhizobium species
that are charted in Table 1. The cultural traits of these
isolates showed circular, whitish pink coloured, translucent,
gummy, glistening, smooth colonies with entire, convex
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elevation, mucoid consistency and size ranging between
2-4mm (Fig 1). The microscopic characteristic of these
isolates revealed them as singular, non-spore forming
Gram-negative bacilli (rod-shaped), motile with a single
subpolar or polar flagellum producing slow growth on
yeast extract-mannitol agar, slime producing capsular
rods. These were in accordance with the earlier findings
of Gachande and Khansole, 2011 and Datta et al., 2015.

Fig 1: Colonies of B. japonicum on CR-YEMA media

Table 1: Cultural and morphological characteristics of B.
japonicum
Sr.
No.

Strains
characters

Standards
(Jordan, 1982)

Observations

1.

Colony
shape

Circular

Circular

2.

Colony size

2-4 mm

2-4 mm

3.

Margin

Entire

Entire

4.

Elevation

Convex

Convex

5.

Colour

Whitish pink

Whitish pink

6.

Opacity

Opaque

Opaque/ Slightly
Translucent

7.

Motility

Motile

Motile

8.

Texture

Smooth

Smooth

9.

Spore
formation

Non-Spore
forming

Non-Spore forming

10.

Gram’s
nature

Gram negative

Gram negative

11.

Shape of
bacteria

Rod shape

Rod shape

12.

Cell
Single
Arrangement

Single
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From the observations of the growth, it was revealed
that the inoculated bacteroids from crushed root nodules
utilised the sugar mannitol from the culture media YEMA
as a carbon and energy source, used gaseous nitrogen from
head space air as a nitrogen requirement and grew in the
form of distinct surface growth that was further separated
in the form of isolated colonies (Gachande and Khansole,
2011). The rest of the contaminants even if present,
probably unable to utilise mannitol as its carbon and
energy source as well as gaseous nitrogen from air as its
nitrogen source, thus getting retarded for its growth except
a common contaminant with non-mucoid rough colonies
that could be clearly discriminated due to the dye Congo
red added to YEMA. These probably might be the colonies
of Agrobacterium species (Maruekarajtinplenga et al.,
2012, Kaur et al., 2012) as the colonies of Bradyrhizobium
do not accumulate the colour of the dye Congo red, while
that of the above common contaminant acquires the dye.
The results of growing the isolates on YEMA
with BTB revealed their fast growth on solid surface
medium. This enabled to discriminate between fast and
slow growing Rhizobia. Fast growing isolates were
acid producers from mannitol which dropped the pH of
medium to acidity almost below 6.0 turning green colour
to yellow of the medium and colonies; while slow growers
turn the pH of the medium alkaline almost above 7.6
turning the colour of the colonies and surrounding to blue
(Fig 2) (Saeki et al., 2005; Sharma et al., 2010). Out of
the ten isolates, seven were found slow growing and three
were found fast growing. The slow growing rhizobia are
appreciated as a potential inoculants for the external use
in soybean cultivation where the increase in population,
metabolic and physiological rates of rhizobia should be
slower and in tune with the growth of soybean roots so
that those can tolerate the neutral to alkaline soil pH of
black cotton to alluvial soils and subsequently approach
the roots to infect and nodulate the soybean allorhizic
roots. Naturally, 80 % among all rhizobia in soybean root
systems are slow growing Bradyrhizobium sp., while only
20 % of the strains are fast growing as per the findings
of Dinkwar et al., 2020. Therefore, this test enabled to
discriminate between Bradyrhizobium and Rhizobium
species and select the slow growing maximally occurring
Bradyrhizobium species isolates.

Fig 2: Differentiation of slow growing Bradyrhizobium and fast
growing Rhizobium against control plate.

Table 2: Differentiation of fast and slow growing rhizobia on
YEMA (BTB) medium.
Isolates
BJ-1
BJ-2
BJ-3
RJ-4
BJ-5
RJ-6
BJ-7
RJ-8
BJ-9
BJ-10

Colour Reaction on BTB agar
Blue
Blue
Blue
Yellow
Blue
Yellow
Blue
Yellow
Blue
Blue

Fast/Slow grower
Slow
Slow
slow
Fast
Slow
Fast
Slow
Fast
Slow
Slow

The region under study is vulnerable to drastic climate
change that leads to the alteration in ambient temperature
varying vastly during winter and summer. Therefore,
the effect of temperature was checked at various levels
by incubating the growth of isolates on agar as well as
broth at temperature ranging from 20 to 50 °C with an
interval of 5 °C and also at 28 °C. These isolates showed
luxuriant growth on plates and in broth in the form of
turbidity at 30°C (Table 3). Among these isolates, fast
growing showed the tolerance to higher temperatures after
35 °C that was extended to 40 °C, after which fast growers
showed a poor vegetative growth, possibly turning to
dormant stages (Dinkwar et al., 2020). These slow growing
isolates showed tolerance merely upto 35 °C after which
it showed no growth revealing intolerance to maximal
temperatures of mesophilic range. During kharif season
of soybean cultivation, the ambient soil temperature
ranges from 25 to 35 °C that looked favourable for the
proliferation of Bradyrhizobia in the soil and root system
of soybeans. This revealed the possibility of depletion
of soil Bradyrhizobial population during the subsequent
seasons of rabi and specifically summer in rainfed areas
where the temperature rises beyond 45 °C.

Table 3: Tolerance of Bradyrhizobium isolates varying temperatures.
Isolates

Growth in the form of colonies on YEMA at various
temperature (°C)

Growth in the form of turbidity in YEMB at various
temperature (°C)

20

25

28

30

35

40

45

50

20

25

28

30

35

40

45

50

BJ-1

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

BJ-2

-

+

++

++

+

+

-

-

-

+

++

++

+

+

-

-
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BJ-3

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

RJ-4

-

+

+

+

++

+

+

-

-

+

+

+

++

+

+

-

BJ-5

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

RJ-6

-

+

+

++

++

+

-

-

-

+

+

++

++

+

-

-

BJ-7

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

RJ-8

-

+

+

+

++

+

-

-

-

+

+

+

++

+

-

-

BJ-9

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

BJ-10

-

+

++

++

+

-

-

-

-

+

++

++

+

-

-

-

(++): High growth, (+): Moderate growth, (-): No growth.

was checked by growing these isolates on solid and liquid
culture media of adjusted pH to 2, 3, 4, 5, 6, 7, 8 and 9
(Table 4). All the isolates preferred maximal growth at pH
7. After the pH 8, tolerance was observed and at pH 9,
growth was restricted. At pH 5, tolerance was observed
and at pH 4, minimal growth was observed. No growth
was seen at pH 2. This was in accordance with the findings
of Dinkwar et al. (2020) and Sing et al. (2011).

The Varhad region is maximally and typically
rainfed and the soils are affected by anthropogenic and
indiscriminate application of chemical fertilizers that
resulted into variation in soil pH ranging from slightly
alkaline to neutral. Soybean favours neutral soil pH, and
thus, the beneficial rhizospheric microflora also flourishes
well into neutral soils. For deriving appropriate pH for
maximal growth of isolates, pH tolerance and favourability
Table 4: Tolerance of Bradyrhizobium isolates varying pH.
Isolates

Growth in the form of colonies on YEMA adjusted with
various pH

Growth in the form of turbidity in YEMB adjusted with
various pH

2

4

5

6

7

8

9

2

4

5

6

7

8

9

BJ-1

-

-

-

++

++

+

-

-

-

-

++

++

+

-

BJ-2

-

-

-

++

++

+

-

-

-

-

++

++

+

-

BJ-3

-

-

-

++

++

+

-

-

-

-

++

++

+

-

RJ-4

-

-

+

++

++

-

-

-

-

+

++

++

-

-

BJ-5

-

-

+

++

++

+

-

-

-

+

++

++

+

-

RJ-6

-

-

+

++

++

-

-

-

-

+

++

++

-

-

BJ-7

-

-

-

++

++

+

-

-

-

-

++

++

+

-

RJ-8

-

-

+

++

++

-

-

-

-

+

++

++

-

-

BJ-9

-

-

-

++

++

-

-

-

-

-

++

++

-

-

BJ-10

-

-

-

++

++

-

-

-

-

-

++

++

-

-

(++): High growth, (+): Moderate growth, (-): No growth.

These isolates showed negative methyl red test and
hence, were unable to perform mixed acid fermentation
and could not produce stable acid end products that can
change the colour to red of the dye methyl red. These
isolates also showed negative Voges Proskauer test
revealing that those were unable to produce acetyl methyl
carbinol from glucose fermentation. The gelatin medium

remained solidified after inoculation of these isolates
confirming that those were unable to produce extracellular
gelatinase enzyme. These isolates were unable to split
amino acid tryptophan to form the compound indole as
it was evident from negative indole test. This (Table 5)
was in accordance with previous findings of Graham and
Parker (1964) and Dinkwar et al. (2020).

Table 5: Biochemical Characterization of Bradyrhizobium japonicum
Test

Strain of Bradyrhizobia
BJ-1

BJ-2

BJ-3

RJ-4

BJ-5

RJ-6

BJ-7

RJ-8

BJ-9

BJ-10

Catalase

+

+

+

+

+

+

+

+

+

+

Citrate Utilisation

+

+

+

+

+

+

+

+

+

+

Gelatine Hydrolysis

-

-

-

-

-

-

-

-

-

-

H2S test

+

+

+

+

+

+

+

+

+

+
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Urease test

+

+

+

+

+

+

+

+

+

+

Methyl red

-

-

-

-

-

-

-

-

-

-

Voges Proskauer

-

-

-

-

-

-

-

-

-

-

KOH solubility test

+

+

+

+

+

+

+

+

+

+

Starch Hydrolysis

+

+

+

+

+

+

+

+

+

+

Oxidase test

+

+

+

+

+

+

+

+

+

+

Indole test

-

-

-

-

-

-

-

-

-

-

Ammonia production

+

+

+

+

+

+

+

+

+

+

(+): Positive test, (-): Negative test.

These isolates tentatively soybean rhizobia showed
positive results for oxidase (confirming the ability of
these isolates to produce enzyme oxidase, thus further
revealing that these isolates are aerobic in nature), urease
(confirming the ability of these isolates to produce enzyme
urease, thus further revealing that these isolates can split
urea into carbon dioxide and ammonia), citrate utilisation
(confirming that these bacteria were able to utilize citrate
as its sole carbon and energy source), catalase (confirming
the ability of these isolates to produce enzyme catalase,
thus further revealing these isolates as aerobic in nature),
H2S production, starch hydrolysis (confirming that these
bacteria were able to produce extracellular amylases) and
ammonia production from peptone (confirming that these
bacteria can utilize peptone and can produce ammonia).
These findings (Table 5) were matched with Gachande
and Khansole (2011), Kaur et al., (2012), as reported for
soybean Rhizobia.

Conclusions
The isolates were screened from soybean root nodules
and were slow-growing, non-acid producing, Gram
negative, aerobic, non-sporulating and short rods 0.5 to
0.9 µm x 1.2 to 3.0 µm in size, motile by singular, polar
or sub-polar flagellum. Colonies did not exceed 2mm in
diameter within 5 to 7 days at the optimal temperature of
25 to 30 °C. The colonies were circular, opaque to rarely
translucent, white and convex. Growth on carbohydrate
media was usually accompanied by extracellular slime.
These characteristics concluded that the isolates were of
Bradyrhizobium japonicum from root nodules of soybean
[Glycine max (L.) Merrill] from the western Vidarbha
region and have a potential of serving as a bioresource for
its exploitation as nitrogen fixing biofertilizers.
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ABSTRACT
The length-weight relationship of 110 fishes including 52 males and 58 females from the snowfed River Yamuna in Uttarakhand, India, was investigated in the present study. The value of “b”
ranged between 1.016 and 1.089. The length-weight relationship parameters of Noemacheilus
montanus showed low positive allometric growth, with a ‘b’ value of 1.016 for males and
1.089 for females for the fish length from the snow-fed River Yamuna. During this study the
regression coefficient (b) value i.e. 1.089 for females is observed to be slightly higher when
compared to that of males (1.016).
Keywords: Length-weight relationship, Noemacheilus montanus, River Yamuna.

INTRODUCTION
Studies on the length-weight relationship are important
in fisheries science because it reveal relevance to
fish population dynamics and stock growth patterns.
According to Patil et al. (1993), the research of lengthweight and their relationship is crucial in the study
of fish stock growth in a specific area. According to
Beverton and Holt (1957), in order to develop appropriate
yield equations for estimating population strength, the
mathematical relationship between length and weight
for enabling the inter-conversion of these variables is
essential. Ichthyologist has studied the length-weight
relationship, condition factor, and relative condition factor
in various freshwater fishes (Thakre & Bapat, 1984; Bali
& Sharma 2002; Uniyal et al., 2004; Bahuguna et al.,
2005, 2009a-b, 2010b, 2017, 2021a; Laskaret al., 2005;
Kumar et al., 2006a; Sarkar et al., 2008; Dobriyal et al.,
2010; Bahuguna & Joshi 2010, 2012b; Joshi et al., 2009a,

2014b; Rashid et al., 2019 and Rayal et al., 2021c). The
body parameters of a fish frequently change with aging
(Dobriyal 1988; Dobriyal & Singh 1990; Dobriyal & Negi
2001; Bahuguna 2013; Bahuguna & Balodi 2015; Joshi
et al., 2017). The length of fish has a special relationship
with its weight.
Sexual dimorphism has been reported in a few hillstream fishes and prawns (Dobriyal et al., 2007; Bahuguna
et al., 2010c; Bahuguna and Kumar 2013). Joshi et al.
(2013, 2014a-b) studied the various biological aspects
like fecundity, sex ratio, length-weight relationships
and aging of Noemacheilus species in different water
bodies of Uttarakhand.There is currently no information
on the length-weight relationship of the cold-water fish
Noemacheilus montanus, thus the current study was
undertaken to determine the pattern of growth and overall
condition of this species in natural cold waters for use in
fisheries management and assessment.
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MATERIAL AND METHODS
River Yamuna is the longest tributary of the Ganga, and it
flows from the Yamnotri glacier in Uttarakhand, which is
located at a height of 6387 meters from the Banderpooch
peaks in the lower Himalayas. It runs through Uttarakhand,
passes through Himachal Pradesh’s Paonta sahib, and then
through Haryana, Uttar Pradesh, and Delhi. It ultimately
joins the Ganga in Prayagraj’s Triveni Sangam. Due to
the impoundment of water for several reservoirs and
hydroelectric power plants such as the Aasan Barrage,
Dakpathar Barrage, Hathnikund Barrage, Dhalipur
Dhakrani powerhouse, Kulhaal powerhouse, etc. its habitat
has changed from riverine to lacustrine. The Aasan Barrage
was designated as Uttarakhand’s first Ramsar site in 2020.
From January 2021 to December 2021, fish samples were
taken from the commercial catch at the first landing center
in the Kulhaal region (Rayal et al., 2020). Traditional
fishing gear (Bahuguna et al., 2010a; Bahuguna & Joshi
2012a; Bahuguna 2020, 2021; Rayal et al., 2021a-d) was
used to catch the fish. The fish were measured in terms
of total length and weight while still in fresh condition.
Randomly selected individuals’ total body length (TL) and
body weight (BW) were measured to the closest 0.1 cm
and 0.1 g precision, respectively. Following that, samples
were taken to the lab for subsequent identification and
taxonomic studies. For identification, Day (1878), Talwar
and Jhingran (1991), Jayaram (2010), Bahuguna and
Dobriyal (2019) were used as standard keys and literature.
The fish were preserved in 10% formalin, labeled, and put
in plastic boxes before being delivered to the lab, where
the specimens were dissected and the sex verified.
The monthly data was divided into 10mm size
groups, ranging from 5.1 to 8.2mm for males and females,
respectively. The data were pooled individually for males
and females at 10mm class intervals once the sex was
confirmed externally. The formula W= aLb was used to
determine length-weight regression for males and females
individually, where W represents weight in grams, L
is length up to the caudal fork in mm, and a and b are
constants.

RESULTS
A length-weight relationship was studied in 110 fish (52
male and 58 female) from the snow-fed River Yamuna in
Uttarakhand, India.

Length-weight relationship for Noemacheilus
montanus

Table-1 displays the results of a regression analysis of the
length-weight relationship for Noemacheilus montanus
by gender and season. The fish samples were sorted by
season and gender, revealing close relationships between
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their length and weight. For gender and season-wise data,
the regression coefficient ranged from a minimum of
1.016 to a maximum of 1.089 for the male and females,
respectively. During the analysis, it was observed that
the total length-weight of Noemacheilus montanus was
positively correlated for males (r=0.7010) and females
(r=0.8423) separately. For male fishes, it ranged from a
minimum of 0.805 (r=0.7712) during the monsoon to a
maximum of 1.103 (r=0.8534) during the winter, while
for female fishes, it ranged from a minimum of 0.911
(r=0.8019) during the monsoon to a maximum of 1.131
(r=0.8907) during the winter.
Table-1: Regression examination and coefficient of correlation
on the length-weight relationship of Noemacheilus montanus.
S.N.

Condition

1

2

Parabolic
Equation

Correlation
Coefficient “rˮ

Sex wise data
Female

W= -4.121 L1.089

0.8423

Male

1.016

W= -4.324 L

0.7010

Spring (Mar,
Apr)

W= -4.223 L0.879

0.8587

Summer (May,
Jun)

W= -4.128 L1.200

0.8210

Monsoon (Jul,
Aug)

W= -4.341 L0.805

0.7712

Autumn (Sep,
Oct, Nov)

W= - 3.794 L0.964

0.8246

Winter (Dec,
Jan, Feb)

W= -3.360 L1.103

0.8534

Season and Sex
wise
Male

Female
Spring (Mar,
Apr)

W= -3.341 L0.944

0.8304

Summer (May,
Jun)

W= -4.210 L1.255

0.8480

Monsoon (Jul,
Aug)

W= -3.329 L0.911

0.8019

Autumn (Sep,
Oct, Nov)

W= -2.851 L0.980

0.8207

Winter (Dec,
Jan, Feb)

W= -3.905 L1.131

0.8907

DISCUSSION
The length-weight relationship of an aquatic animal is a
measure of the growth pattern. Growth is an important
component of biological production, which affects overall
production directly. The parameters of body mass weightlength relationship of Noemacheilus montanus in this
study exhibited lower positive allometric growth with

Studies on Length-weight Relationship of Noemacheilus montanus (McClelland) from River Yamuna, India

a ‘b’ value of 1.016 for males and 1.089 for females in
relation to fish length from snow-fed River Yamuna.
In the present study, it was noticed that the regression
coefficient (b) of females (1.089) is observed to be
slightly higher when compared to that of males (1.016).
From this trend it may be presumed that females gained
more weight with an increase in length, indicating better
well-being. Comparable observations were reported by
Bahuguna and Baluni (2019) in freshwater fish, Puntius
conchonius from the Mandal River. The ‘b’ values were
seasonally high in Noemacheilus montanus as 1.200 for
males and 1.255 for females. These higher values were
either due to the maturation of gonads or due to a favorable
feeding environment. In fishes, food availability and water
temperature played an important role in growth dynamics.
The differences in the values of the ‘b’ parameter between
the studied species probably result due to differences in
feeding and breeding behavior.
Joshi et al., (2014b) reported the length-weight
relationship of Noemacheilus montanus and observed that
the values of ‘b’ were 0.966 to 1.114 from the Kumaun
region in the spring-fed Rai Gad stream. Bahuguna (2021)
observed that the length-weight relationships of a species
could vary according to season and locality. In the present
study, the growth rate of freshwater fish N. montanus varied
depending on several factors such as food availability,
month and season of the year, and reproductive cycle.
Noemacheilus montanus exhibited low allometric growth
throughout the study period which indicated that they are
affected by multiple environmental factors.
The study of the length-weight relationship has been
made by Le Cren (1951) in Preca fluviatilis who reviewed
the cubic parabola into a general parabola. The value of
“b” varied from 2.5 to 4.0 in the studies of Martin (1949).
If the fish retain the same shape it grows isometrically
and the length exponent “b” has the value 3.0. A value
significantly larger or smaller than three shows that fish
becomes heavier or lighter for its length as it grows, and
this may be due to metamorphosis and onset of maturity
(Huxley, 1932;Frost, 1945).
Rashid et al. (2019) reported in M. armatus, the
regression coefficient for gender varied from 3.997 for
males and a minimum of 3.97 for female fishes.The
Length-weight relationship of Garra lamta was found
significantly narrow. The value of ‘b’ fluctuated from 1.035
to 3.164. Bahuguna et al. (2010b) noticed that the lengthweight relationship of Garra lamta from the Kalapani
stream showed lower growth rates due to the ecological
condition of the stream.
After all, we can say, the length-weight relationship in
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fishes can be affected by habitat and area as well several
other factors like as riparian and seasonal effect (Sagir
et al., 2018; Baluni & Chandola, 2019), periphyton food
(Baluni et al., 2017, 2018, 2020; Baluni 2020; Bahuguna
& Baluni 2019; Bahuguna et al., 2021b), availability
of microzoobenthos (Bahuguna et al., 2019a, 2020b;
Bahuguna & Dobriyal, 2019; Pesic et al., 2019a-b, 2020ab; Negi et al., 2021a-b), macrozoobenthos density and
diversity (Dobriyal et al., 2009, 2011; Bahuguna and
Negi 2018; Bahuguna and Dobriyal 2018; Bahuguna
et al., 2019b, 2020b; Mamgain et al., 2021) and time of
gonad maturity (Dobriyal et al., 1999; Bisht et al., 2005;
Kumar et al., 2006b; Joshi et al., 2008, 2009b; Bahuguna
and Kumar 2011; Bahuguna 2012; Bahuguna & Dobriyal
2013; Bahuguna et al., 2020c; Rayal et al., 2021d) and fish
ageing (Dobriyal 2004).

CONCLUSION
Noemacheilus montanus species is predominantly found in
snow-fed River Yamuna. The length-weight relationships
of Noemacheilus montanus showed lower positive
allometric growth with a ‘b’ value of 1.016 for males and
1.089 for females. The correction coefficient “r” showed
there was a high correlation between length and weight.
From the trend so obtained it may be presumed that
females gained more weight with an increase in length,
indicating better well-being.
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ABSTRACT
Due to the extensive use of commercially available antibiotics, there is an emergence of
NFGNBs as nosocomial pathogens. The major concern is the adoption of multi-drug resistance
among them which limits their alternatives for treatment. Nowadays, great emphasis is on
exploring the medicinal efficacy of traditional plants for combating the infections caused by
human pathogens. Terminalia chebula possesses several significant phyto-ingredient such
as tannins and chebulinic acid which have been well reported to exhibit high antimicrobial
and antioxidant activities. The present study aims on combating NFGNB infections with the
various solvent extracts of Terminalia chebula. Isolation and characterization of NFGNB
pathogens were done. T. chebula extracts were prepared in a series of different organic and
water solvents based on increasing polarity index {Ethyl acetate (4.4), Methanol (5.1), and
Water (9.0)} using the Soxhlet extraction method. Antibacterial activity of the crude plant
extracts was determined by DPPH assay. GC-MS and HPLC analysis revealed the presence
of a significant bioactive compound. The results demonstrate the strong antimicrobial activity
and effective MIC, MBC, and MIC index values of the S1, S2, and S3 extract of T. Chebula
against isolated NFGNB pathogens. Inhibitory activities of extracts were compared with the
standard antibiotic, colistin. The medicinal plants have been regarded as valuable and cheap
sources of various phytoconstituents which are used extensively in the development of drugs
against various diseases.
Keywords: Terminalia chebula, Antibiotics, NFGNB, antioxidant, Phytochemicals

INTRODUCTION
As a result of the multidrug resistance, non-fermenting
gram-negative bacilli (NFGNB) has arisen as a major
cause of healthcare-associated illnesses. The antibiogram
and prevalence of NFGNB are required for efficient
management of infection caused by them. Increased
resistance to currently accessible antibiotics has

become a global issue. With the rise in the number of
MDR pathogens, an alternative and dependable means
of therapy is required. Herbal medicine is becoming
increasingly popular because it is cost-effective and has
little side effects on patients. Medicinal plants contain all
phytoconstituents, which serve as a source of bioactive
molecules required for considerable pharmacological
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benefits with no side effects. They can be utilised to
create new classes of potentially safer pharmaceuticals or
therapies to treat a wide range of illnesses. Because of their
broad safety profile, herbal medicines have historically
been utilised to treat a variety of ailments. Hydrolysable
tannins (which might range from 20 to 50 percent) account
for 33 percent of the total phytoconstituents in Terminalia
chebula.
Gallic acid, ellagic acid, chebulic acid, and gallotallins
such 1,6 di-O-galloyl-D-glucose, 3,4,6 tri-O-galloyl-Dglucose,2,3,4,6 tetra-O-galloyl-D-glucose,1,2,3,4,6 pentaOgalloyl-D-glucose are Alkaloids, glycosides, resins,
gums, mucilages and other bioactive substances contribute
to the therapeutic properties of plant (Rathinamoorthy et
al., 2014). Because herbal chemicals have proved to have a
promising effect in therapeutics, the quest for plant-based
products has radically altered the drug discovery program.
The diversity of bacteria in disease-causing abilities has
always presented complications in their treatment plan
(Quiroga et al., 2001). Numerous plant-based substances
show potential anti-cancer activity (Srigopalram et al.,
2012).Antioxidant properties have been discovered in
phytosignatures such as vitamins (A,C,E,K), carotenoids,
terpenoids, flavonoids, polyphenols, alkaloids, tannins,
saponins, pigments, enzymes, and minerals (Kathiresan
et al., 2006; Heber, 2004; Kaur et al., 2002). T.chebula is
a medium-to-large tree found in tropical and subtropical
Asia, including China and Tibet. Fever, cough, diarrhea,
gastroenteritis, skin illnesses, candidiasis, urinary tract
infection, and wound infection are all treated using
Terminalia chebula, which is commonly referred to
as “Kadukkaai” by tribal people in Tamil Nadu, India
(Dash,1991). Terminalia chebula extracts have been found
to have antibacterial action against many bacterial species
(Bag et al., 2009). Terminalia chebula (Fruit) extracts have
shown high antibacterial activity and antioxidant capability
as majored by DPPH technique. The entire plant has a high
medicinal value and has long been used to treat a variety of
human ailments. This herb was used to treat sore throats,
high coughs, asthma, ulcers, gout, heartburn, vomiting,
diarrhea, dysentery, bleeding piles and bladder ailments
by some rural people (Saleem et al., 2002; Kim et al.,
2006; Lee et al., 2007). The plant has been found to have
antidiabetic, antibacterial, antioxidant, antimutagenic,
anti-proliferative,anti-inflammatory, cardioprotective, and
wound healing properties (Rathinamoorthy et al., 2014).
Tannins,
phenolic
compounds,
and
other
phytoconstituents identified in Terminalia chebula are the
key phytoconstituents responsible for the herb’s therapeutic
action (Rathinamoorthy et al., 2014). Terminalia chebula
(Fruit) tannins are pyrogallols, and other components
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contain phenolics including ellagic acid, chebulinic acid,
anthraquinones, and polyphenols, such as galloylglucose,
corilagin, terflavin A, punicalagin, and triterpenemaslinic
acid.
The focus of the study was to analyse the efficacy
of different Terminalia chebula (Fruit) extracts against
infections caused by non-fermenting gram-negative
bacteria. The active molecules responsible for the powerful
anti-bacterial and anti-oxidant properties were investigated
through phytochemical research.

MATERIALS AND METHODS
Isolation and characterization of NFGNB
pathogens

Collection of clinical samples: The research was carried
out in Dehradun’s tertiary care hospital. Pus, urine, BAL,
sputum, CSF, endotracheal, tubes, tip, blood, and other
clinical samples were taken from patients of various ages.
Identification and antimicrobial susceptibility testing
of NFGNB pathogens:Vitek2 compact system was used
for antimicrobial susceptibility testing and identification
(Sumana et al., 2017).

Isolated NFGNBs
The isolated NFGNBs were Pseudomonas aeruginosa
(P1), Acinetobacter baumannii (P2), Achromobacter
xylosoxidans (P3), Stenotrophomonas maltophilia (P4)
and Burkholderia cepcia (P5).

Plant collection

The fruit of Termanilia chebula was obtained from a
Dehradun local market.

Chemicals and Reagents
Analytical grade chemicals and reagents were employed
throughout. Mueller Hinton agar, ethyl acetate, methanol,
DMSO(1,1- Diphwnyl-2-picrylhydrazyl) were purchased
from Hi media (Mumbai). To ensure that the water used for
extraction and experimentation was free of contaminants,
it was doubly distilled, deionized, and sterilized.
Crude plant extracts preparation
A thimble charge of 25g of powder was used to extract
organic ethyl acetate (S1), methanol (S2), and water (S3)
in order using the soxhlet extraction method (Vishnu et al.,
2010). Using a rotary evaporator, all of the extracts were
made solvent-free and concentrated, then stored at 4°C in
an airtight bottle until further use.

Antimicrobial Susceptibility testing
Agar well diffusion method

Agar well diffusion was used to assess the antibacterial
activity of all the selected extracts (ethyl acetate,methanol,
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and aqueous) of Terminalia chebula (Fruit) in the
reference (Chauhan et al., 2012; Sawhney et al., 2011).
Concentrations of 0.5mg/100µl and 1mg/100µl of the
extracts were prepared in DMSO (dimethylsulphoxide).
Colistin (0.5mg/100µl,1mg/100µl) was used as a positive
control, whereas DMSO was employed as a negative
control.

Broth Dilution MIC test

Minimal inhibitory concentration (MIC) of plant extracts
was measured using a macro broth dilution test (NCCLS
2000).Two-fold serial dilutions of all the extracts in well
plates were prepared using Mueller- Hinton Broth(Himedia, Mumbai, India) as diluents. In each dilution,
20µl of test microorganisms (NFGNB isolates) at the
standard concentration (5 X 105Cfu/ml) were used.
The experimental negative and positive controls were
two-fold serial dilutions of DMSO and colistin and
levofloxacin, respectively. The plates were incubated for
24 hours at 37°C. The MIC was determined for the lowest
concentration at which the extract or standard antibiotics
displayed no observable growth (turbidity).

Determination of Minimum Bactericidal
Concentration

20µl of MIC test broth tube solutions were distributed over
MHA plates and incubated at 37°C for 18-24 hours. The
dilution was designated as MBC (Minimum Bactericidal
Count) concentration of the extract, which is bactericidal
in nature when the plates showed no bacterial growth.
The MIC index values indicates bactericidal action
(MIC/MBC < 4) or bacteriostatic action (MIC/MBC
> 4) (Radhakrishnan et al., 2011).The test was repeated
three times, and the average MIC and MBC values were
calculated.

Antioxidant activity

TheDPPH test is used to assess antioxidant activity. The
DPPH Assay(1,1-Diphenyl-2-picrylhydrazyl) is a purplecolored stable free radical(absorbed at 517nm). The test is
based on the color change of DPPH to yellow, exhibiting
the scavenging properties of the subjected extract.This
feature is used to characterize the free radical scavenging
capacity in medicinal plants(Crude extracts) (Farrukh et
al., 2003).

Phytochemical analysis of the extracts

HPLC: HPLC analysis was performed with the use of
HPLC (make-Shimadzu) and LC Software 2010. 20 µl of
the respective samples were injected, and the programme
was ran for 15 minutes (15min runtime). The conventional
marker compound was gallic acid. The UV detector was
used to detect the light at 260nm.
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Gas Chromatography and Mass Spectroscopy
(GC-MS):

The REX column was used to perform GC-MS analysis
on ethyl acetate, methanol, and water extract. 2µl of
respective samples were introduced using a split mode allglass injector with helium as the carrier gas. Temperature
programme: 70°C-300°C at 60°/minute for 10 minutes
at 300°C. The components were identified by computer
searches in a commercial library (Wiley 8 and NIST).

RESULTS
Isolation and characterization:

Different clinical samples (Pus, Urine, BAL, sputum,
CSF, endotracheal tubes tip, Blood and other specimen)
were inoculated on Macconkey agar and Blood agar
media for isolation. Followed by subjection to Vitek-2
for identification and AST. Results obtained revealed the
presence of Pseudomonas aeruginosa, Acinetobacter
baumannii, Achromobacter xylosoxidans, S. maltophila,
B. cepcia as NFGNB isolates.

Extraction of the plant samples

Using the Soxhlet extraction method, extracts were
prepared in a series of various organic and aqueous
solvents with increasing polarity index (ethyl acetate
(4.4),methanol (5.1), and water (9.0)). The highest yield
was obtained with ethyl acetate extract, followed by
methanol, while the least yield was obtained with aqueous
extract.(Table-1).

Table-1:The yield of Terminalia chebula in various
solvents.
S.
N.
1
2
3

Solvent
Ethyl acetate (S1)
Methanol (S2)
Aqueous (S3)

Yield
(in g)
48.53
42.78
39.31

Yield
%
9.706%
8.556%
7.862%

Color

State

Brownish Viscous
Brownish Viscous
Brownish Solid

Antimicrobial Susceptibility testing

Distinct organic(ethyl acetate methanol) and aqueous
extract of T.chebula fruit extracts had a substantial
inhibitory impact of (S1, S2, and S3) extract on the
isolated pathogens as the positive controls produced
significantly larger inhibition zones against the tested
pathogens (Table-2). S1 extract, out of all the extracts
tested and evaluated, was shown to have the strongest
inhibitory effect on all pathogens. The antibacterial activity
of Terminalia chebula (Fruit) extracts was comparable to
that of the conventional antibacterial drugs colistin and
levofloxacin (positive control). When compared to the
extracts, colistin and levofloxacin efficiently suppressed
bacteria. The minimal inhibitory concentration necessary
to suppress the growth of isolates in reference was found
to be between 0.5 mg/ml and 0.0156mg/ml. (Table-3, 4, 5).
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Table-2:The antimicrobial activity of Control andT. chebula fruit extract (S1,S2, S3) against NFGN Bisolates.
S. Isolates
N.

Control
Colistin for P1,P2,P3 and
levofloxacin for P4,P5

S1 extract

S2 extract

S3 extract

0.5mg/ml
1mg/ml
0.5mg/ml
1mg/ml
0.5mg/ml
1mg/ml
0.5mg/ml
1mg/ml
Concentration Concentration Concentration Concentration Concentration Concentration Concentration Concentration
1

18mm
Pseudomonas
aeruginosa (P1)

19mm

10mm

12mm

8mm

11mm

7mm

10mm

2

Acinetobacterbaumanni (P2)

18mm

19mm

10mm

11mm

9mm

11mm

9mm

12mm

3

Achromobacter
xylosoxidans
(P3)

18mm

19mm

10mm

11mm

7mm

9mm

8mm

8mm

4

S.
maltophila (P4)

27mm

29mm

8mm

10mm

8mm

13mm

10mm

11mm

5

Burkholderia
cepia (P5)

27mm

29mm

10mm

11mm

9mm

14mm

11mm

13mm

Table-3: The Minimum inhibitory concentration values of ethyl acetate extract against NFGNB isolates.
Microorganism

Range of MIC
value
(mg/ml)

MIC value
(control)
(mg/ml)

MBC value
(Control)
(mg/ml)

MIC value
(extract)
(mg/ml)

MBC value
(extract)
(mg/ml)

MIC
Index
value of
Control

MIC Index
value of
Extract

P. aeruginosa (P1)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

A.baumannii (P2)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Achromobacter
xylosoxidans (P3)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

S.maltophila (P4)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Burkholderia
cepcia (P5)

0.5- 0.0156

0.0156

0.0312

0.125

0.25

0.5

0.5

Table-4: The Minimum Inhibitory Concentration values of methanol extract against NFGNB isolates.
Microorganism

Range of MIC
value
(mg/ml)

MIC value
(control)
(mg/ml)

MBC value
(Control)
(mg/ml)

MIC value
(extract)
(mg/ml)

MBC value
(extract)
(mg/ml)

MIC Index
value of
Control

MIC Index
value of
Extract

P. aeruginosa (P1)

0.5- 0.0156

0.0156

0.0312

0.125

0.25

0.5

0.5

A.baumanni (P2)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Achromobacter
xylosoxidans (P3)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

S.maltophila (P4)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Burkholderiacepcia (P5)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Table-5: The Minimum Inhibitory Concentration values of aqueous extract against NFGNB isolates.
Microorganism

Range of
MIC value
(mg/ml)

MIC value
(control)
(mg/ml)

MBC value
(Control)
(mg/ml)

MIC value
(extract)
(mg/ml)

MBC value
(extract)
(mg/ml)

MIC Index
value of
Control

MIC Index
value of Extract

P. aeruginosa (P1)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

A.baumanni (P2)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Achromobacter
xylosoxidans (P3)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

S.maltophila (P4)

0.5- 0.0156

0.0156

0.0312

0.25

0.5

0.5

0.5

Burkholderiacepcia(P5)

0.5- 0.0156

0.0156

0.0312

0.125

0.25

0.5

0.5
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Antioxidant Power

In the present study, the antioxidant power is measured
using the DPPH assay. The DPPH (1,1-Diphenyl2picrylhytrazyl) is a stable purple-colored free radical
(absorbed at 517nm). If free radicals are scavenged, the
color DPPH changes to yellow. This feature is used in this
experiment to demonstrate free radical scavenging capacity
in medicinal plants (Crude extract). When oxidative stress
levels rise, DNA is damaged, resulting in base damage,
strand breakage, gene expression changes, and eventually
mutagenesis occurs (Block et al., 1992; Byers et al., 1993;
Bajpai et al., 2021). Parkinson’s disease, Alzheimer’s
disease, Huntington’s disease, Cardiovascular illness,
Respiratory disease, Arthritis and other neurological
disorder are caused by the overproduction of free radicals.
The phytosignatures discovered in Treminalia chebula
(Fruit) S3 extract were determined to be the most effective
free radical scavenger. When the results were compared
to the reference compound gallic acid, a well-known
antioxidant, a powerful polyphenol that exhibited high
antioxidant activity, the antioxidant capacity was found
to be concentration dependent in all cases. The graph
is displayed in (Fig.1). Polyphenols, flavonoids, and
phenolic chemicals are active biosignatures in many plantbased therapeutics that protect cells from oxidated stress.
(Acharya et al., 2010).
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of the selected plant extracts has revealed the presence
of several compounds. Traditionally water with highest
polarity was the choice of solvent for the extraction of
phytochemicals but other research showed that organic
solvents had more consistent antibacterial actions than
those extracted with water. The polarity of the solvent
and the type of the bioactive chemicals recovered may
be linked to the activities reported in organic solvents
other than water. (Dey et al., 2010; Rautela et al., 2018;
Sharma et al., 2015). Alkaloids, Tannins, Cynoanogenic,
Saponins, Glycosides, Flavonoids, Phenolic compounds,
and Lignins are only a few examples of phytoconstituents
found in plants (Upadhyay et al.,2014; Rautela et al.,
2018; Sharma et al., 2016) Phytoconstituents responsible
for wider range biological activities were identified in
Terminalia chebula (Fruit) extracts (S1,S2, and S3)
(Table-6,7,8). Hexadecanoic acid, 1,2,3-Benzenetriol
(pyrogallol), Thiositosterol disulfide, Ergost-5-en-3ol, and other chemicals were found in the extracts(3.
beta.,24R) Carbonic acid, 2-ethylhexyl nonyl ester,2propanoic acid, tridecyl ester,etc. Hexadecanoic acid
is used to treat rheumatic symptoms because of its antiinflammatory properties. Propanoic acid has anti-fungal
and anti-bacterial properties, and it is used to treat asthma in
patients. This was also demonstrated in our investigations
where the extracts were found to be highly antimicrobial
in nature, possibly due to the chemicals present in diverse
extract.1,2,3-Benzenetriol is a phenolic chemical that has
antibacterial qualities and can be utilized in the coloring of
suturing materials as well as for oxygen absorption in gas
analysis. Ergost-5-en-3-ol assists in the treatment of liver
disease, jaundice, and atherosclerosis.

Fig. 1: Graphical representation of antioxidant capacity of
various (S1, S2 and S3) extracts ofT.chebula at increasing
concentration with Gallic acid as reference compound.

Phytochemical Analysis

The phytosignature profiling was not harmed throughout
the extraction process, as the chromatogram of the extract
displayed multiple peaks of different phytochemicals
when using HPLC with a UV detector at a wavelength
of 260nm to identify chemicals, however gallic acid
was the compound of interest in the study. The obtained
results demonstrated the existence of gallic acid as
the primary component of the methanolic extract of
Terminalia chebula (Fruit),as well as the presence of other
botanicals in lesser amounts(Fig. 2). The GC-MS analysis

Fig. 2: HPLC analysis of T.chebula Methanolic extracts (S2)
detecting Gallic acid as the Principle component.

Table-6: List of Phytochemicals in the S1 extract using GCMS technique.
Peak R.Time Area

Area% Name

1

7.393

103764

0.33

Benzene,1,3-bis(1,1dimethylethyl)-

2

7.705

147336

0.47

TETRADECANE

3

8.366

70381

0.22

Nonane,5-(2-methylpropyl)-
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9.632

320444

1.01

5

10.206

9669301 30.57

1,2,3-Benzenetriol

6

10.584

1123800 3.55

1-Dodecanol

7

11.989

419919

DiethylPhthalate

8

13.081

1436563 4.54

Dodecylacrylate

9

13.144

186412

0.59

Propanoicacid, decylester

10

14.158

91400

0.29

Bromoaceticacid,
pentadecylester

11

14.606

93300

0.29

Neophytadiene

12

15.059

87693

0.28

3,7,11,15-Tetramethyl-2hexadecen-1-ol

13

15.929

1098768 3.47

Dibutylphthalate

14

16.208

1854766 5.86

HEXADECANOICACID,
ETHYLESTER

15

16.499

246795

0.78

Propanoicacid, 3-mercapto-,
dodecylester

16

17.790

972275

3.07

Linoleicacidethylester

17

17.845

1383240 4.37

(E)-9Octadecenoicacidethylester

18

18.076

454799

1.44

Octadecanoicacid,ethylester

19

19.798

185225

0.59

Docosanoicacid,ethylester

21

22.380

73262

0.23

OCTACOSANE

22

22.979

103523

0.33

Squalene

23

23.086

78694

0.25

Pentatriacontane

24

23.373

220121

0.70

8-Hexadecene, 8, 9-diheptyl-

25

23.572

169976

0.54

PENTACOSANE

26

23.650

233751

0.74

erythro-9,10Dibromopentacosane

28

24.046

185145

0.59

HEXADECANOIC ACID,
OCTADECYLESTER

29

24.352

779418

2.46

Triacontylacetate

30

24.456

159517

0.50

Tetracontane

31

24.992

380299

1.20

Tetratetracontane

32

25.163

1204989 3.81

Thiositosteroldisulfide

33

25.375

618008

1.95

2H-1-BENZOPYRAN-6-OL,
3, 4-DIHYDRO-2,5,7,8-TET

34

25.570

182986

0.58

11-Methylnonacosane

35

25.971

251356

0.79

37

26.708

162344

0.51

39

27.371

4450231 14.07

ERGOST-5-EN-3-OL,
(3.BETA.)

40

27.972

256377

8-Androsten-3-ol,17(2-methylallyl)-4, 4,
14-trimethyl-

1.33

0.81

2-(4’-Methoxyphenyl)-2-(2’methoxyphenyl)propane

Fig. 3:Represents the GC chromatogram of S1 extract

Table-7: List of Phytochemicals in the S2 extract using GCMS technique.
Peak R.Time Area

Area% Name

1

6.648

54299

0.32

3, 5-Dimethyldodecane

2

6.838

70005

0.41

Undecane,2, 5-dimethyl-

3

6.965

86379

0.50

Decane,3, 7-dimethyl-

4

7.226

50789

0.29

HEPTADECANE

5

7.308

135377

0.79

Glutaricacid, monochloride,
2-methylpent - 3 - ylester

Octacosylacetate

6

7.398

257719

1.50

ERGOSTA-7, 22-DIEN-3OL, (3.BETA.,22E)-

Benzene, 1, 3-bis
(1,1-dimethylethyl)-

7

7.534

206118

1.20

OCTADECANE

8

7.708

367788

2.13

Dodecane, 4, 6-dimethyl-

9

8.020

68372

0.40

1-Undecene, 4-methyl-

10

8.083

63724

0.37

OCTADECANE,
1-CHLORO-

11

8.367

162040

0.94

NONANE, 4, 5-DIMETHYL-

12

9.637

47943

0.28

2-Bromododecane

41

28.734

1098608 3.47

.beta.-Sitosterolacetate

42

30.539

419862

5,11,17,23 - TETRATERTBUTYLPENTACYCLO
[19.3.1.1

1.33

27

28
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10.093

63544

0.37

HEPTANE,
3-(BROMOMETHYL)-

14

10.170

73814

0.43

Borane, diethyl (decyloxy)-

15

10.423

818631

4.75

L-Valine,N-(trifluoroacetyl)-,
1- methylpropylester

16

10.573

2869086 16.65

1-DODECANOL, 3, 7,
11-TRIMETHYL-

17

11.011

88977

0.52

1, 2, 3-Benzenetriol

18

11.137

79244

0.46

Dodecane, 2, 6, 11-trimethyl-

19

11.392

585748

3.40

.beta.-D-Glucopyranose, 1,
6-anhydro-

20

12.006

307699

1.79

1, 2-BENZENEDICARBOXYLICACID, DIETHYLESTE

21

13.086

2614387 15.17

2-Propenoicacid, tridecylester

22

13.575

103142

0.60

2-Methyltetracosane

23

14.614

79298

0.46

Phytol, acetate

24

15.943

1268940 7.36

Dibutylphthalate

25

16.219

206158

1.20

HEXADECANOIC ACID,
ETHYLESTER

26

16.512

255724

1.48

Propanoicacid, 3-mercapto-,
dodecylester

27

17.267

111345

0.65

Cyclopropanebutanoicacid,
2-[[2-[[2-[(2-pentylcyclopropy

28

18.088

97537

0.57

HEPTADECANOICACID,
ETHYLESTER

29

20.663

218501

1.27

8-Amino-1, 3,
6-triazahomoadamantane

30

22.870

96979

0.56

1-Bromoeicosane

31

23.089

111138

0.64

Nonadecane, 9-methyl-

32

23.655

124899

0.72

Dodecane,1, 1’-oxybis-

33

23.771

211927

1.23

PENTACOSANE

34

24.042

181974

1.06

HEXADECANOICACID,
OCTADECYLESTER

36

24.989

121314

0.70

Stigmasta-5, 22-dien-3-ol,
acetate,(3.beta.)-

37

25.157

89323

0.52

Stigmastan-3-ol,5-chloro,acetate,(3.beta.,5.alpha.)-

38

25.210

111810

0.65

TETRACONTANE

39

25.567

171113

0.99

1-OCTADECANETHIOL

41

27.098

353602

2.05

Fig. 4: Represents the GC chromatogram of S2 extract

Table-8:List of Phytochemicals in the S3 extract using GCMS technique.
Peak# R.Time Area

Area% Name

1

6.655

49085

0.67

PENTANE, 2, 2, 3,
3-TETRAMETHYL-

2

6.844

42299

0.57

Decane, 2, 5, 9-trimethyl-

3

7.227

37578

0.51

Decane, 2, 3, 5-trimethyl-

4

7.313

73466

1.00

HEXANE, 2, 2, 3,
3-TETRAMETHYL-

5

7.401

196589 2.67

Benzene, 1, 3-bis
(1,1-dimethylethyl)-

6

7.544

129441 1.76

DECANE, 2, 3,
7-TRIMETHYL-

7

7.630

31987

0.43

Sulfurousacid,
2-ethylhexylisohexylester

8

7.711

344712 4.68

Dodecane, 4, 6-dimethyl-

9

7.830

40453

0.55

Nonane, 5-(2-methylpropyl)-

10

8.020

51893

0.70

Decane, 2, 3, 5, 8-tetramethyl-

HEXATRIACONTANE

11

8.372

128459

1.74

Nonane, 5-(2-methylpropyl)-

9.642

41981

0.57

PENTADECANE

10.523 44753

0.61

Heptane, 2, 2, 3, 3, 5, 6,
6-heptamethyl-

42

27.363

1705942 9.90

.gamma.-Sitosterol

12

43

27.670

162030

5.alpha.-Cholestan-6.beta.amine,N,N-dimethyl-

14

0.94
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15

10.570

172876

2.35

Heptadecane, 2, 6, 10,
15-tetramethyl-

16

10.758

322252 4.38

1-Decanol,2-hexyl-

17

11.142

92519

1.26

OCTADECANE

18

12.081

181768

2.47

DiethylPhthalate

19

13.043

23265

0.32

3-PENTEN-2-ONE,
4-(METHYLAMINO)-

20

13.116 391916 5.32

Dodecylacrylate

21

13.576

96152

1.31

Heptadecane

22

15.969

971930

13.20

Dibutylphthalate

23

16.258

103616

1.41

HEXADECANOICACID,ETHYLESTER

24

16.554

149586

2.03

Propanoicacid,3-mercapto,dodecylester

25

17.369

72193

0.98

2-Bromotetradecane

26

18.111

62609

0.85

Eicosanoicacid,ethylester

27

20.953

161269

2.19

Carbonicacid,2ethylhexylnonylester

28

23.093

72738

0.99

2-Methyltetracosane

29

23.771

63218

0.86

erythro-9,10Dibromopentacosane

30

24.040

162183

2.20

Hexadecanoicacid,tetradecylester

31

24.448

100674

1.37

TETRACONTANE

32

25.559

133042

1.81

Octadecanoicacid,heptylester

33

27.113 157859 2.14

9-Octadecenoicacid(Z)-,2(octadecyloxy)ethylester

34

27.367

616657

8.37

gamma.-Sitosterol

35

27.863

75259

1.02

Phenol,2,4-bis(1,1dimethylethyl),phosphite(3:1)

36

30.503

922143

12.52

5,11,17,23-TETRATERT-BUTYLPENTACYCLO[19.3.1.1

37

31.464

908455

12.33

Propanoicacid,3,3’-thiobis,didodecylester

Fig. 5: Represents the GC chromatogram of S3 extract
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DISCUSSION
Medicinal plants have been a source of novel antimicrobial
drugs for their ability to treat a variety of illnesses as cited
in the literature. Traditional medicinal plants are still
being a part of various researches to see whether they may
be used to treat diseases that have developed multidrug
resistance to most antibiotics as a result of their overuse.
Many Terminalia species have a history of being used to
treat medical disorders caused by microbial infections,
and multiple recent studies have found that they contain
antibacterial characteristics. Antibacterial activities of
Terminalia spp. used in traditional Indian medicine have
been reported in several investigations (Cock,2015).For
determining the therapeutic potential of medicinal plants
as potent antimicrobial agents, they shall be explored
extensively against MDR pathogens. Several studies have
been published on the pharmacological screening of plant
extract, which has been used to make a variety of medicines
(Kumar et al., 2013). Our findings on the antibacterial
activity of Terminalia chebula (Fruit) different extracts
against pathogens that cause respiratory disorders in people
show that they are effective, powerful, and comparable
to other studies (Pandey et al., 2011; Thenmozhi et al.,
2011; Vijayan et al., 2010). Antibiotic resistance and its
associated toxicity had recently emerged as a problem that
has limited the use of antimicrobial medicines (Eggleston
et al., 2010), thereby encouraging the antibacterial role
of plants against resistant bacterial strains due to safety
and high efficacy (Alvianoet al., 2009). The rapid rise in
the number of infections caused by NFGNB pathogens,
as well as their multidrug resistance pattern, have made
them a noteworthy and important pathogen. The extract’s
antimicrobial properties can be classified as follows:
damage to the microbial genome, damage to the protein
synthesis mechanism or structure, microbial membrane
disintegration, or suppression of specific enzymes and
metabolite production. Terminalia chebula has been
shown to have broad-spectrum antibacterial activity
against a variety of pathogenic gram-negative bacteria.
The antibacterial activity of ethanolic extract of T. chebula
fruits was tested against standard reference bacterial
strains of clinical importance, and it was discovered that
the extract was highly effective against Bacillus subtilis,
Staphylococcus epidermidis, Staphylococcus aureus,
Staphylococcus typhi, and Pseudomonas aeruginosa
(Nigam et al., 2020; Kanna et al., 2015).
Terminalia chebula extracts have been found to
have high antioxidant activities due to the presence of
phenolic chemicals in the extract (Basha et al., 2017). The
Antioxidant studies revealed that the different extracts
of Terminalia chebula (Fruit) can neutralize the free
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radicals that cause various ailments. It was discovered
that antioxidant power is concentration-dependent. The
scavenging activity of free radicals in the various extracts
reduces in the following order: Methanol > Ethyl acetate
> aqueous. The phytoconstituents detected in Terminalia
chebula (Fruit) extract were shown to be antibacterial,
antifungal, and antioxidant in nature, indicating that the
plant could be employed in herbal medication formulation
to treat bacterial pathogenicity-related diseases.

CONCLUSION
Non-fermenting gram-negative bacilli (NFGNB),
due to the excessive use of antibiotics, have emerged
as significant healthcare-related pathogens in recent
years. The prevalence of multi-drug resistance among
nosocomial pathogens has led to complications in their
choice of treatment. Therefore, Herbal medicines are
gaining significant importance as an alternative choice
of therapy. It has been reported that phytochemicals and
their chemical analogs have provided enormous amount
of clinically useful therapeutic agents in the treatment
of chronic and acute human infections. The increasing
acceptance and popularity of herbal formulations
have demonstrated that natural products are safe, less
expensive, have the least side effects, and are within
reach of those in underdeveloped countries. According to
the previously given literature, herbal medications have
always been utilized to treat a variety of diseases due to
their broad safety profile. Our findings showed that the S2
(methanol) extract of Terminalia chebula (fruit) is a potent
antibacterial and antioxidant agent. The phytochemicals
discovered are important in establishing proof for their
application in herbal medicines for the treatment of various
infections. The research can be expanded to include in
vivo experiments to determine the extract’s precise mode
of action.
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ABSTRACT
Heavy metal pollution is a global problem growing at an alarming rate and aquatic organisms are
continuously exposed to elevated levels of metals seriously threatening the whole ecosystem.
The objective of the present study is to determine the bioaccumulation of heavy metals in
some organs of the freshwater fish, Clarias batrachus exposed to heavy metal, nickel and
chromium contaminated water. The experimental fish was exposed to Cr and Ni at sublethal
concentrations for periods of 30 days. The result revealed that the concentration of both heavy
metals was significantly high in the gill, kidney and liver of metal exposed fish in comparison to
the tissues of respective organs of control fish. The order accumulation of heavy metal, nickel
in the tissues was liver>kidney>gills whereas chromium also accumulate in the order liver>
Kidney> gill.
Keywords: Bioaccumulation, Clarias batrachus ,Chromium, Nickel.

Introduction
The contamination of freshwater ecosystems with a wide
range of pollutants has become a matter of public concern
in recent times. Anthropogenic activities continuously
increase the number of heavy metals in the environment,
especially in the aquatic ecosystem. Pollution of heavy
metals in aquatic ecosystem is growing at an alarming rate
and has become an important worldwide problem for the
health of the aquatic ecosystem (Abdel-Baki et al., 2011).
The excessive occurrence of heavy metals in natural
loads has nowadays become a matter of concern for
the health of the aquatic ecosystem. Heavy metals like
Copper, Lead, Mercury, Cadmium, Nickel and Chromium
are mainly responsible for water pollution. Heavy metal
contamination may cause devastating effects on the
ecological balance of the recipient environment and its
diversity of aquatic organisms (Mastan, 2014). Metals
have the tendency to accumulate in various organs of the
aquatic organisms, especially fish, which in turn may enter
into the human metabolism through consumption causing
serious health hazards (Yousafzai et al., 2009).

In recent years, world consumption of fish has
increased simultaneously with the growing concern about
their nutritional and therapeutic benefits. In addition to
its important source of protein, fish typically have rich
contents of essential minerals, vitamins and unsaturated
fatty acids. Fish is an important source of animal proteins
for the human body and heavy metal bioaccumulation in
the human food chain must be constantly monitored to
assess the health risk. Due to the ability to accumulate a
variety of contaminants, fish are excellent indicators of
ecosystem assessment of water pollution (Svecevicius et
al., 2014). Fish accumulate heavy metals directly from
water and diet, and contaminant residues may ultimately
reach concentrations hundreds or thousands of times above
those measured in the water, sediment and food (Joystu et
al., 2017).
Exposure to metals may modify the fish’s behaviour,
metabolism, physiology, growth and reproduction (Gohil
and Mankodi, 2013). Metals contaminated waters are
adversely affecting the ecological balance and biodiversity
of the recipient environment (Joshi, 2014). Fish are among
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fed with a commercial diet, egg albumin and small insects.
The sublethal concentrations of both heavy metals (0.4,
0.8 and 1.2 mg/l for nickel and 2.0, 4.0, and 6.0 mg/l for
chromium) were prepared from the stock solution that was
prepared by dissolving analytical grade nickel sulphate
(NiSO4 from E-Merck) and Potassium dichromate
(K2Cr2O7·7H2O from E-Merck) in double-distilled water
and 15 fishes was kept in each rectangular glass aquaria
separately for estimating the bioaccumulation of nickel
and chromium in the tissues of experimental fish. For
estimating the concentration of both heavy metals gill, liver
and kidney of both control and metal exposed fishes were
dissected out then gill, liver and kidney were put in Petri
dishes to dry at 120 °C until reaching a constant weight.
5 g of dry tissue or organ was digested in analytical grade
HNO3:HClO4: HCl (3:2:9) for 4- 6 hours on a hot plate.
Digestion was carried out at 80°C on a hot plate. Then,
the digested samples were cooled and filtered through the
What man No. 42 filter paper. The samples were diluted
up to 50 ml of distilled water for analysis (Maurya et al.,
2019).The elements Ni and Cr were assayed using Atomic
Absorption Spectrophotometer and the results were given
as µg/g.dry weight. Data obtained from the experiments
were analyzed and the results were statically evaluated
using SPSS.

the major components of aquatic habitats therefore,
they may act as bio-indicators of metal pollution in the
aquatic ecosystems. Conservation of fish in their natural
habitat makes it essential to determine their growth
potentials and ability to bio-accumulate metals during
acute exposure to water borne metals (Javedet al., 2017).
Thus accelerated release of heavy metals into the aquatic
environment leads to serious water pollution problems,
persistence and bioaccumulation.
In the present investigation uptake of nickel and
chromium in different tissues of Clarias batrachus were
studied, to understand the extent of bioaccumulation by
different tissues as critical research need in developing
an understanding to establish a correlation between the
availability of heavy metals in contaminated water and
exposure based accumulation pattern in vital organs of fish
such as liver, kidney and gill.

Material and Methods
Clarias batrachus (average length 8-10 cm and average
weight 15-20 gm)were collected locally from the nonpolluted freshwater body and dipped in 0.1% of potassium
permanganate solution for 2 minutes. The fishes were
acclimatized in laboratory conditions for 15 days in a glass
aquarium filled with dechlorinated water. The fishes were

Result and Discussion
Table1. Bioaccumulation of Chromium in certain tissues (µg/g dw) of Clarias batrachus exposed to sublethal concentrations
of Potassium dichromate (N=3).
Experiment Set.

Period of Exposure
10 Days

20 Days

30 Days

Gill
Control

0.109±0.002

0.110±0.003

0.111±0.002

2 mg/l

0.215±0.028

0.301±0.008

0.422±0.010

4 mg/l

0.457±0.013

0.552±0.010

0.726±0.020

6 mg/l

0.623±0.011

0.745±0.014

0.944±0.013

Liver
Control

0.109±0.001

0.112±0.002

0.112±0.001

2 mg/l

0.547±0.031

0.690±0.004

0.888±0.039

4 mg/l

0.688±0.039

0.890±0.004

1.082±0.011

6 mg/l

0.883±0.045

1.1823±0.046

1.716±0.366

Kidney
Control

0.112±0.002

0.109±0.004

0.112±0.005

2 mg/l

0.372±0.010

0.474±0.011

0.661±0.015

4 mg/l

0.582±0.012

0.721±0.014

0.885±0.011

6 mg/l

0.715±0.010

0.882±0.008

1.148±0.022
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Table2. Summary of analysis of variance (ANOVA) showing the level of significance in the pattern of bioaccumulation of
Chromium in Gill, Liver and Kidney of Clarias batrachus.
Parameters

Source

Gills

(Tissues)

Liver

Between groups

Sum of square
(ss)
0.761

3

Mean square
(ms)
0.254

Within groups

0.112

8

0.014

Total

0.872
2.067
0.493
2.559
1.078
0.184
1.262

11
3
8
11
3
8
11

Between groups
Within groups
Total

Kidneys

Between groups
Within groups
Total

df

F

P

18.189

0.001

0.689
0.062

11.189

0.003

0.359
0.023

15.589

0.001

All values of ANOVA are significant at 0.05

Table 3. Bioaccumulation of Nickel in certain tissues (µg/g dw) of Clariasbatrachus exposed to sublethal concentrations of
Nickel sulphate (N=3).

Period of Exposure

Experiment Set.

10 Days

20 Days

30 Days

Gill
Control

0.112±0.002

0.114±0.004

0.116±0.002

0.4 mg/l

0.512±.031

0.718±0.027

0.912±.027

0.8 mg/l

0.708±0.007

0.920±0.011

1.523±0.008

1.2 mg/l

1.116±0.012

1.531±0.023

2.274±0.014

Liver
Control

0.119±0.003

0.117±0.002

0.121±0.005

0.4 mg/l

0.543±0.027

0.762±0.010

0.986±0.008

0.8 mg/l

0.776±0.029

0.983±0.010

1.606±0.014

1.2 mg/l

1.436±0.017

1.734±0.012

2.693±0.010

Control

0.115±0.010

0.121±0.005

0.121±0.006

0.4 mg/l

0.524±0.010

0.731±0.019

0.946±.030

0.8 mg/l

0.728±0.025

0.886±0.004

1.532±.002

1.2 mg/l

1.277±0.013

1.617±0.029

2.440±0.031

Kidney

Table4. Summary of analysis of variance (ANOVA) showing the level of significance in the pattern of bioaccumulation of
Nickel in Gill, Liver and Kidney of Clarias batrachus.

Parameters
(Tissues)
Gills

Liver

Source

Sum of square
(ss)
Between groups
3.743
Within groups
1.077

df
3
8

Total

4.819

11

Between groups
Within groups

5.272
1.335

3
8

Total

6.607

11

Mean square
(ms)
1.248
0.135
1.757
0.167

F

P
9.271

0.006

10.533

0.004

Bioaccumulation of Heavy Metals in Some Tissues of Fish, Clarias bartachus Exposed to Sub-lethal Concentration
Kidneys

Between groups
Within groups

4.288
1.168

3
8

Total

5.456

11

1.429
0.146

9.793

35

0.005

All values of ANOVA are significant at 0.05

Bioaccumulation of metals reflects the amount of
toxin ingested by the organism, the pattern in which
the metals are distributed through different organs and
the extent to which the metals remained in each one of
these organs (Mansouri et al., 2011). In the present study,
the bioaccumulation of chromium in the fish tissues
were found in the order of liver > kidney> gill (Table 1)
where as the bioaccumulation of nickel was found in the
order of liver > kidney> gill(Table 3). A similar type of
bioaccumulation trend was reported for cadmium in 30
days of exposure (Gandhewar and Zade, 2019). In the
case of chromium exposed fish, even though the quantity
of chromium accumulation in tissue was less in the case
of gill when compared to liver and kidney, but the pattern
of accumulation showed a continuously increasing trend
until the 30th day of exposure in all the tissues (Table 1).In
the case of nickel exposed fish, even though the quantity
of nickel accumulation in tissue was less in the case of
kidney when compared to liver and gill, but the pattern
of accumulation showed a continuously increasing trend
until the 30th day of exposure in all the tissues (Table
3). This difference in accumulation may be attributed
to the affinity of the tissue to the toxicant medium, the
physiological state of the tissue, the presence of ligands
having an affinity to heavy metals and/or the role of the
tissue in the detoxification process. A similar correlation
between bioaccumulation of heavy metals and exposure
concentration, along with exposure period was reported
by Giles (1988).Thus in the present study accumulation of
heavy metals in the tissues depends upon the concentration
of heavy metals in the medium and duration of exposure.
In the ANOVA analysis, the ‘P’ value was found less than
a significant level (< 0.05) showing that all the values of
heavy metal accumulation in the tissues were statistically
significant. The Fish liver showed a significantly (P<0.05)
higher tendency to accumulate heavy metals than other
tissues (Javed, 2012). The findings of the present study were
similar to other workers that toxic metal bioaccumulation
in fish is controlled by the balance between uptake and
elimination and differential accumulation of these metals
in various tissues (Wang and Rainbow, 2008).
In conclusion, significant differences were identified
in the liver, kidney and gill of the fishes, Clarias
batrachusin view of the bioaccumulation of the heavy
metals, Cr and Ni but the accumulation of heavy metals in
the tissues depends upon the concentration of respective

heavy metals in the surrounding medium and duration of
exposure. The order accumulation of heavy metal, nickel
in the tissues was liver>kidney>gills whereas chromium
accumulate in the order liver> Kidney> gill. During this
investigation as the concentration of the test medium and
duration of exposure increased, the accumulation pattern
of both heavy metals in all three tissues also increased
significantly.
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ABSTRACT
The physical and ecological health of streams is both influenced by riparian vegetation. It helps
to maintain the balance of oxygen, nutrients, and sediments in the environment, as well as
providing habitat and food for micro and macrofauna. The purpose of this study was to add to
our understanding of the riparian vegetation of the Sahastradhara stream in Doon Valley. The
studied riparian zone of the Sahastradhara stream in Dehradun comprises a total of 69 plant
species belonging to 41 different families. The Asteraceae family, with 13 species, dominated
the riparian vegetation, followed by Euphorbiaceae (04 species), and Solanaceae (04 Species).
Keywords: Riparian vegetation, Sahastradhara Stream, Doon Valley.

INTRODUCTION
The term riparian has its roots in Latin word ripa,
meaning bank of the river (SEPA, 2009). The riparian
zone is the zone of interaction between terrestrial and
aquatic environments (Gregory et al., 1991). Bren (1993)
detailed a riparian zone as the area which is present in
close proximity to a river or stream. It is characterized as
the transitional zone between land and water ecosystems
that are influenced by the changes in biophysical factors,
ecological processes, and the life forms present in the
surrounding (National Research Council, 2002). Riparian
vegetation can be defined as the assemblage of different
types of plant communities present in the riparian zone.
These communities of the plant are specialized and
adapted to disturbances and evolved within the upland
forest system (Naiman and Decamps, 1997 and Naiman
et al., 1998). Riparian vegetation forms various patches of
plants that differ in physiognomy, forms, and composition.
This difference in patterns is due to variability in the
physical and chemical conditions of the surrounding
environments (Dufour and Rodriguez-González, 2019).
So, it contributes to the species richness across the earth

by sustaining plant species different from that of upland
vegetation (Sabo et al., 2005). Naiman et al., 1998 state
that the riparian forest is the vegetation that is in close
contact with the rivers and streams and extends laterally to
encompass the active floodplain and terraces into it.
Riparian vegetation is an essential component of the
aquatic system and performs many social and ecological
functions (Malanson, 1993; National Research Council,
2002). It controls the exchange of water and chemical
between terrestrial and aquatic systems (Burt and Pinay,
2005). Rainwater that falls on the riparian land progresses
in different ways. Some precipitation is seized by
vegetation and evaporated back into the air and most of it
is absorbed by the soil. Water from uplands mostly flows
side wise across the riparian land to the rivers and streams.
With this flowing water, there is a continuous flow of
some nutrients and chemicals. Plant debris and decaying
vegetation and microbes produce organic matter that
contributes to the chemical quality of riparian zone and
stream and river water (Dosskey et al., 2010). The plant
species that are submerged in the water bodies influence
the productivity of the ecosystem (Baluni and Chandola,
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2019). Tree stems, plant debris, or large branches stuck
in the water channel provide stability and deposition and
slow the stream or river velocity, and also, provide food
and habitat for micro and macro-invertebrates and fishes
dwelling in the stream or river (Harmon et al., 1986).
Also, stream banks lacking riparian vegetation are mostly
unstable and eroded because plants provide strength to the
soil through their root systems (Griffiths, 1980; Hupps and
Simon, 1986, Sagir et al., 2018).
Aquatic species in the stream or river are mostly
dependent on riparian vegetation for food and shelter. Leaves,
twigs, small branches, and other plant materials are a good
source of food for different species in water. Also, shrubs
and trees along the river banks provide shade and cover to
the water bodies which help in cooling their environment
and protecting living organisms in it (SEPA, 2009).
Riparian vegetation is crucial in maintaining aquaticterrestrial linkages and acts as a corridor between them.
Any change in the nearby aquatic and terrestrial habitat
influences the environment of riparian vegetation. Thus,
it acts as a good bio-indicator by providing an early
indication of any change in the environment (Decamps,
1993; Risser, 1990). Pusey and Arthington (2003) studied
the effect of riparian vegetation on the ecology of water
bodies. Srivastava (2007) mentioned riparian vegetation
as an important functioning factor for geomorphological,
physicochemical and biological aspects of the river or
stream. The hydrobiology of river Alaknanda of Garhwal
Himalayas was studied by Badola and Singh (1981). Joshi
(1984) gave an ecological note on the riverine forest of
Garhwal Himalayas. Balodi et al.(2004) detailed riparian
vegetation of Eastern Nayar while Sagir and Dobriyal
(2017, 2018) studied riparian vegetation of Western Nayar.

Chamoli (2020) studied the weed flora of the riparian areas
of the Rudraprayag district. The present study attempted to
contribute to the knowledge of riparian vegetation of the
Sahastradhara stream from Doon Valley.

MATERIAL AND METHODS
Riparian vegetation was collected from the selected areas
of the Kali Gad, an upstream tributary of the Song River
and popularly known as the Sahastradhara stream (Map1). The specimens were collected and completed from
September 2019 to August 2021. Plants were identified
using local names consulted by the local inhabitants
and then were confirmed with the help of different keys
of available floras for their taxonomical specification
(Gaur, 1999). The specimen’s information on plants
was processed, documented, and finally deposited in the
Department of Zoology, SGRR University, Dehradun as
reference material.

RESULT
A total of 69 species of plants belonging to 41 different
families were identified from the riparian zone of
Sahastradhara stream Dehradun (Table-1). Plant species
collected from various spots represented various life forms
i.e., herbs, shrubs, and trees. Of all the plant species most
commonly noted plants were Bidens pilosa, Ageratum
conyzoides, Lantana camara, Eupatorium adenophorum,
Parthenium hysterophorus, Xanthium strumarium,
Artemisia vulgaris, Cyathea dealbata, Solanum nigrum
and Adhatoda vasica. Asteraceae family with 13 species
formed the dominant component of the riparian vegetation
followed by Euphorbiaceae with 04 species, Solanaceae
with 04 Species and Amaranthaceae with 3 species
respectively (Figure-1; Photo A-R).

Table-1: List of riparian vegetation of selected areas of Sahastradhara stream.
S.No.

FAMILY

BOTANICAL NAME

COMMON NAME

1.

Acanthaceae

Adhatoda vasica

Malabar Nut, Basinga

2.

Acanthaceae

Strobilanthes wallichii

Wild Petunia, Kandali

3.

Amaranthaceae

Achyranthes aspera

Latjiri

4.

Amaranthaceae

Alternanthera spp.

Stalkless Joyweed, Matsyakshi

5.

Amaranthaceae

Pupalia lappacea

Nagadaminee

6.

Apocynaceae

Carissa opaca

Cudd

7.

Asteraceae

Gnaphalium hypoleucum

Cudweed

8.

Asteraceae

Parthenium hysterophorus

Gajar ghas

9.

Asteraceae

Ageratum conyzoides

Chickweed, Jungli pudina

10.

Asteraceae

Anaphalis busua

Bugla

11.

Asteraceae

Artemisia nilagirica

Kunjaa

12.

Asteraceae

Artemisia vulgaris

Mugwort, Majtari, Charmar

13.

Asteraceae

Bidens pilosa

Kumur
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14.

Asteraceae

Cirsium verutum

Kandaya

15.

Asteraceae

Conyza aegyptiaca

Mant

16.

Asteraceae

Eupatorium adenophorum

Kharna

17.

Asteraceae

Galinsoga parviflora

Marchya

18.

Asteraceae

Sonchus oleraceus

Dudiya

19.

Asteraceae

Xanthium strumarium

Common Cockle bar, Chota dhatura

20.

Berberidaceae

Berberis asiatica

Kingoorh

21.

Cactaceae

Opuntia vulgaris

Cactus

22.

Caesalpinaceae

Cassia fistula

Kirala

23.

Caesalpinaceae

Cassia tora

Chakunda

24.

Cannabaceae

Cannabis sativa

Bhang

25.

Commelinaceae

Cyanotis cristata

Nabhali

26.

Convolvulaceae

Ipomoea batatas

Shakarkand

27.

Cupressaceae

Cupressus torulosa

Surai

28.

Cyperaceae

Cyperus spp.

Saru

29.

Cyperaceae

Cyperus rotundus

Motha

30.

Cyatheaceae

Cyathea dealbata

Silver Fern, Ponga

31.

Dryopteridaceae

Dryopteris spp.

Wood Fern

32.

Euphorbiaceae

Euphorbia royleana

Sulla

33.

Euphorbiaceae

Sapium insigne

Khinna

34.

Euphorbiaceae

Jatropha curcas

Purging nut

35.

Euphorbiaceae

Ricinus communis

Arand

36.

Fagaceae

Quercus leucotrichophora

Oak

37.

Fabaceae

Dalbergia sissoo

Biradi

38.

Fabaceae

Trifolium repens

Satphal

39.

Geraniaceae

Geranium ocellatum

Kaphlya

40.

Geraniaceae

Geranium nepalense

Phori

41.

Lamiaceae

Leucas lanata

Guma

42.

Lauraceae

Lindera pulcherrima

Wild privet, Dadia, Cheri

43.

Lythraceae

Woodfordia fruticosa

Dhaula

44.

Malvaceae

Malvastrum coromandelianum

Suchi

45.

Meliaceae

Toona ciliata

Redcedar, Toon

46.

Menispermaceae

Cissampelos pareira

Velvet Leaf, Akanadi, Batindu, Pari

47.

Mimosaceae

Acacia catechu

Black cutch

48.

Moraceae

Ficus religiosa

Peepal

49.

Oleaceae

Olea glandulifera

Native olive

50.

Onagraceae

Oenothera rosea

Rose evening primrose

51.

Oxalidaceae

Oxalis corniculata

Amrul

52.

Phyllanthaceae

Phyllanthus urinaria

Sulla hajarmani

53.

Pinaceae

Pinus roxburghii

Chir

54.

Poaceae

Arthraxon prionodes

Glum

55.

Poaceae

Saccharum spp.

Kaans

56.

Rhamnaceae

Ziziphus mauritiana

Ber

57.

Rosaceae

Rubus ellipticus

Hinssar

58.

Rubiaceae

Galium asperifolium

Goosegrass
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59.

Rubiaceae

Galium elegans

Elegant goosegrass

60.

Rutaceae

Murraya koenigii

Curry tree

61.

Salicaceae

Salix spp.

Manjar

62.

Solanaceae

Datura stramonium

Kank

63.

Solanaceae

Solanum incanum

Banbhatuja

64.

Solanaceae

Solanum nigrum

Black nightshade

65.

Solanaceae

Physalis minima

Sunberry, Rasbhari

66.

Tiliaceae

Corchorus aestuans

Chonch

67.

Tiliaceae

Grewia optiva

Bhimal

68.

Urticaceae

Urtica dioica

Kandali

69.

Verbenaceae

Lantana camara

Big sage

Figure-1: Dominant families of the riparian zone of the Sahastradhara stream
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A. Bidens Pilosa , B. Ageratum conyzoides, C. Lantana camara, D. Eupatorium adenophorum, E. Parthenium hysterophorus,
F. Xanthium strumarium, G. Artemisia vulgaris, H. Solanum nigrum, I. Cyathea dealbata, J. Adhatoda vasica, K. Strobilanthes
wallichii, L. Lindera pulcherrima, M. Dalbergia sissoo, N. Dryopteris spp., O. Cissampelos pareira, P. Physalis minima, Q.
Alternanthera spp., R. Murraya koenigii

DISCUSSION
Sahastradhara stream has rich areas of riparian vegetation
with a variety of plant forms. Riparian vegetation is very
significant in regulating the environmental processes
along the river as it performs multiple functions that are

advantageous for both terrestrial and aquatic fauna of the
Sahastradhara stream. It regulates the intensity of light
reaching the area and maintains the temperature of the
surroundings by shading and covering. Shading keeps the
temperature of both land and stream water from rising
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too high, protecting micro invertebrates, fish, and animals
from the harmful effects of high temperatures.
Riparian vegetation has a strong relationship with the
biotic community dwelling in the water as mentioned by
Hynes (1975). A rich aquatic biota of the Sahastradhara
stream indicated the regular abundant availability of
food and nutrients. Vegetation along the river is a good
source of nourishment for micro and macro-organisms.
It contributes detritus and nutrients to the aquatic fauna
and helps in holding soil, thus avoiding its erosion and
consecutively improving the quality of the stream (Sagir
and Dobriyal, 2018). Leaves, branches, and woody debris
of plants provide feeding reserves, breeding spots, and
hiding places for a wide range of fauna (Shilla and Shilla,
2012; Zanetti et al., 2016). Water Mites prefer to remain
in the dark and cervices of logs and stones for hiding and
breeding. Also, larvae of water mites feed on the leaves,
twigs, and other plant parts which were best provided by
vegetation along the Sahastradhara stream.
Riparian vegetation also regulates the flow of water
and nutrients from the land to the stream by acting as a
corridor and maintaining the biodiversity of the River
(Naiman et al., 1993). The plant species present in the
area are beneficial for the local people for fulfilling their
basic needs of fodder for cattle, traditional medicine,
fruits and wood. Sahastradhara stream is an important
source of water for domestic and agricultural purposes.
Agricultural-derived contaminants and other domestic
effluents directly or indirectly flow into the river. Riparian
vegetation acts as a great buffering system. It is believed
to reduce the flow of the contaminants direct into the
river by modifying, diluting, or downgrading its chemical
composition (Osborne, 1993). Thus, there are fewer to no
disturbances for the aquatic water mites to survive.
The study has shown of constant relation between
abiotic and biotic constituents sustaining life in the
Sahastradhara stream. The aquatic fauna, especially water
mites are very much dependent on riparian vegetation.
Their food and feeding habits, shelter and protection from
predators and breeding sites are more or less satisfied by
the plant communities or their parts besides the river.
Hence, Riparian vegetation provides river bank
stability, decomposition, shade, food, nutrients, organic
matter, detritus, protection, breeding spots, hiding places,
wood, fodder, traditional medicine, and a buffering system
which indicates a good and healthy environment for the
neighboring ecosystems. It is also indicative of good water
quality and conditions for the survival of micro and macroorganisms in the river or stream. Any loss to the vegetation
can cause deprivation of these natural rewards. Shyam
(2008) linked the importance of riparian vegetation to
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anthropogenic requirements during his study on the river
Ganga. Srivastava (2007) has suggested that riparians
affect the geomorphology and physical chemistry of the
river system.
According to Baluni and Chandola (2019), the
riparian vegetation in the Kyunja stream was observed
as rich and conducive to biological productivity. Authors
observed rich epilithic periphyton and detritus standing
stock along with macrozoobenthos. Periphyton diversity
and distribution concerning stream physicochemical
parameters have a huge impact on the occurrence of several
mites (Bahuguna et al., 2019, 2020; Pesic et al., 2019a,b;
2020a,b; Negi et al., 2021), macrozoobenthos (Kumar
and Dobriyal, 1999; Rautela et al., 2006; Bahuguna
and Dobriyal, 2018; Mamgain et al., 2021) and drifting
behaviour of invertebrates (Bahuguna et al., 2019, 2020;
Bahuguna and Dobriyal, 2020; Negi et al., 2021) and on
fish diversity (Bahuguna et al., 2010; Bahuguna and Joshi,
2012; Bahuguna 2020, 2021; Rayal et al., 2021a,b). Sagir
and Dobriyal (2017, 2018) have worked on the riparian
vegetation of Western Nayar and reported that they form
detritus and hence positively affect the production of
macrozoobenthos and fishes.
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ABSTRACT
Biomarkers are measurements within an organism that respond to environmental changes and
are used as bio-monitoring tools that reflect physiological changes induced by exposure to
pollutants. The condition factor (K), hepatosomatic index (HSI) and gonado-somatic index
(GSI)of fish, Channa punctatus was used to assess the effects of industrial pollutant stress. For
this study, Channa punctatus was collected from Sawan Nallaha, a small lotic waterbody in
all the seasons (Summer, monsoon and Winter). Fish collected from the non-polluted site had
the higher condition factor (K) HSI and GSI as compared to fish collected from polluted site
that received the industrial effluent and domestic sewage. K, HSI and GSI are simple and costeffective bio-monitoring tool and can be used in pollution monitoring.
Keywords: Condition factor (K), HSI, GSI, Channa punctatus, Biomarkers.

Introduction
India is one of the leading industrialized countries of
world with good industrial infrastructure. This has caused
production of industrial effluent which has various types
of pollutants that are discharged into the waterbodies
and degrade the aquatic environment. All these changes
consequently deteriorate the water quality of water bodies
and led to the aquatic pollution. Pollution affects all
the living being which is exposed to such environment.
It disturbs behavior, biological activities, metabolism,
physiology and overall performance of the organism.
The growth of fish is responsive to various
environmental factors, such as physico-chemical and
biological factors of the waterbodies. Eco-toxicology
provides a number of biomarkers that can be used
to estimate the effects of pollutants. Biomarker is an
indicator of stress agent that is somehow affecting the
organism ability to grow, reproduce, survive and adapt in
a given environment (Tiwari and Prakash, 2021). Basics
of biomarker are the capability of an organism to adapt
to subtle changes in the environment. This adaptation

is mechanistically based on changes in molecular and
biochemical processes within the cellular metabolism
in response to climate changes. Alterations in these
processes can lead to modification in cellular structure,
tissue organizations and so on up the hierarchical level of
biological organizations. Basic concept of the biomarker’s
approach to assess adverse effects or stress is based on the
hypothesis that effects of stress are typically manifested at
lower levels of biological organization before disturbances
are realized at the population, community or ecosystem
level (Adams, 1987).
In environmental pollution context, biomarkers often
promise as sensitive indicator demonstrating that toxicant
has entered organism, distributed between tissues and
is electing toxic effect at targets. Good biomarkers are
sensitive indices of both pollutants bioavailability and
early biological response. Regarding the aquatic habitats
fishes are considered to be most significant biomonitors
for the estimation of metal pollution level (Benaduce et
al, 2008),water borne and sediment deposited toxicants
(Viarengo,et al. 2007).The integrated use of biomarkers
and bio-indicators is an evaluation tool, science they are
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effective means to determine the impact of pollution in the
aquatic environment (Pandit et al., 2019).
Hepatosomatic index is the main indicator of
metabolic activity in animals (Verma and Prakash, 2019).
The hepato-somatic index (HSI) is a bio-indicator of
contaminant exposure so it is used in fisheries science as
an indicator of energy reserves in the liver. It is the ratio of
liver weight and body weight. Gonado-somatic index (GSI)
is also a bio-indicator that supplies structural information
to respect of health, reproduction of fish, breeding season
of fish and maturation status of gonads (Kaur, et al., 2018).
It is an important tool in establishing the breeding period
in animals and has been successfully employed in fishes
(Saxena, 1986). Liver forms an important organ of the
body and due to vitelogenesis, liver play an important
role in the gonadial development. Hence, hepato-somatic
index has been correlated with gonado-somatic index.
Production of gametes in fishes is greatly influenced by
changing in the environmental conditions. Organic and
inorganic pollutants contaminate aquatic environments
and are mainly responsible for changes in physio-chemical
characteristics of water.
Condition factor has been used as an indicator of health
in fishery science since the beginning of the 20th century
(Froese, 2006). It is a quantitative and integrative bioindicator, and provides information regarding alterations
fish physiological status and may be used for comparing
populations living in certain feeding, climatic and other
conditions. It can be used to compare the inter- and intraspecific “condition”, “fatness” or well-being of fish from
the same or contrasting habitats, it is a useful index for the
monitoring of feeding intensity, age and growth rates in
fish. CF is sensible to stress in natural environment (Pandit
et al., 2019).Condition factor reflects general health state
of fish which differs according to the environmental
factors, age, sex and reproduction period. Condition factor
is a useful index for monitoring of feeding intensity, age
and growth rates in fish. It is strongly influenced by both
biotic and abiotic environmental conditions and can be
used as an index to access the states of aquatic ecosystem
in which fish live (Prakash and Verma, 2019).
Fish populations are more vulnerable as they are the
direct recipient of virtually every form of human as well
as animal wastes. The IUCN (International Union for
Conservation of Nature) Red list (1996) records 734 fish
species as threatened and 92 species as extinct worldwide.
Water pollution is the biggest contributor to this decline.
Therefore, the present study was devised to determine the
condition factors along with hepato-somatic and gonadosomatic indices of some food fishes were considered for
determining the suitability of aquatic body for survival and
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breeding activities collected from Sawan Nallaha, a lentic
fresh waterbody.

Material and Methods
The Fish, Channa punctatus was collected from two
different sites of Sawan Nallaha in four seasons i.e. Spring,
Summer, Winter and Monsoon. Site-1 was upstream i.e.
about 1.5 Km before confluence of nallaha congaing
industrial effluents of Sugar factory Balrampur and its
distillery unit along with domestic sewage and Site-2
was downstream i.e. about 1.0 Km after discharging the
industrial effluent and domestic sewage in Sawan Nallah,
thus covering both polluted and unpolluted areas of the
Sawan Nallaha.
The fish samples were examined in the laboratory
immediately after collection. The fish of different size or
length (cm) were measured by using fish measuring band
where as total weight (g) of fish, total weight of liver and
gonads was recorded with the help of electronic balance.
The total length (Cm) of fish, total weight of the fish,
total weight of the gonad and liver were used to determine
the Fulton’s condition factor (K), the somatic condition
factor (KS), hepato-somatic index (HSI) and gonadsomatic index (GSI) of each fish by using the following
formula.
Fulton’s Condition Factor (K) =

W ×100
L3

Where W= Weight of fish, L = Total length of fish
Gonado-somatic index (GSI) =

Weight of the ovary
×100
Weight of the Fish

Hepato-somatic index (HSI) =

Weight of the Liver
×100
Weight of the Fish

Result and Discussion
Condition factor (CF) is an estimation of general wellbeing of fish (Oribhabor et al. 2011) and is based on the
hypothesis or assumption that heavier fish (at a given
length) are in better condition than the lighter ones
(Ogamba et al. 2014). The condition factor of 1.0 or
greater indicates the good condition of fish while less
than 1.0 shows bad condition (Abobi, 2015). Condition
factor is a useful index for estimating growth rate and age
and for assessing environmental quality (Navarro et al.
2010; Olopade and Tarawallie 2014). The condition factor
can be influenced by season, sex, type of food organism
consumed by fish, age of fish, amount of fat reserved and
environmental conditions (Anene 2005; Abowei 2009).
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Table1. Condition factor (K), Hepato-somatic index (HIS) and Gonado-somatic index (GSI) of Channapunctatus procured
from two sites (Polluted and Non-polluted) of SawanNallaha
Seasons /
Spawning Phase

Condition Factor
(K)

Hepato-Somatic Index (HIS)

Gonado-Somatic Index (GSI)

Site-I

Site-II

Site-I

Site-II

Site-I

Site-II

Summer/
Pre-spawning

1.08±0.08

0.86±0.06
(-20.37%)

1.65±0.10

1.48±0.07
(-10.30%)

2.89±0.09

2.35±0.04
(-18.68%)

Monsoon/
spawning

1.02±0.05

0.76±0.09
(-25.49%)

1.79±0.15

1.61±0.12
(-10.05%)

2.24±0.34

1.87±0.09
(-16.52%)

Winter /
Post-spawning

1.04±0.07

0.81±0.05
(-22.12%)

1.95±0.13

1.81±0.11
(-7.18%)

2.38±0.14

2.04±0.12
(-14.29%)

t at df =2

0.002 (P<0.01)

(Non Polluted)

(Polluted)

(Non Polluted)

0.005 (P>0.01)

In the present study the highest value of condition
factor (K) was observed during summer season or prespawning phase indicates that overall condition of fish
seems to be improved and fish approaches towards
maturing stage. The decline of condition factor of the fish
during monsoon season or spawning phase may be related
to fish being exhausted due to spawning activity and also
due to utilization of energy source for spawning activity.
Spawning is a typical stage in the life cycle of fishes, often
involving a substantial energic investment (Jobling, 1994).
During winter season or post spawning phase, the value
of condition factor again increases which indicate that
during post-spawning fishes recover in the post-spawning.
Dasgupta (1988) reported that seasonal factor influences
the condition factor in fishes.
In the present study Hepato-somatic index showed
highest level in winter season, which decreased in monsoon
and reached to the lowest level in summer season. HSI of
fish, Channa punctatus collected from polluted site was
significantly decreased in comparison to fish collected
from non-polluted site in all the seasons. Bekmezci
(2010), reported that heavy metals decreased HSI in fish
probably due to depletion of energy reserves in liver. Thus
stress condition developed due to water pollutants and the
excess usage of energy reserves in response to increase in
requirement might cause the decrease in HSI. The decrease
in HSI during pre-spawning phase or summer season
indicates the stored hepatic contents are made available
to the gonads for development during spawning phase
or monsoon season. Singh and Singh (1979) studied the
relationship between HSI and GSI in the fish H. fossilis and
found that high HSI during preparatory and post spawning
and low levels during pre-spawning and spawning.
Higher condition factor (K) and lower HSI occurred
during the summer season and pre-spawning phase. It
is suggested that fish adapted to stressful conditions and
take advantage on food availability from organic loads or
unoccupied niches by lesser tolerant species, increasing

(Polluted)

(Non Polluted)

(Polluted)

0.02(P>0.05)

K. Thus it can be concluded that higher HSI values were
directly associated with environmental stress whereas the
higher K values are related to availability of food resources
derived from organic loads or other sources.
Gonadosomatic index is other important parameter
that reflects both the state of population for the continuity
of generation and changes during stress condition. In
the present study industrial effluent might have toxic
effect in gonads, resulted a decrease in GSI of Channa
punctatus collected from polluted site of Sawan Nallaha.
In the present study, GSI values of fish, Channa punctatus
collected from the polluted site of Sawan Nallaha were
decreased significantly (p < 0.05) as compared to fishes
collected from the non-polluted site in all the seasons.
Seasonal change in the GSI was found to be high prior to
spawning and declined after spawning. Seasonal changes
in HSI showed that the values of HIS was higher during the
resting period and during maturing stages and lower values
of HSI was noticed when the gonads are in ripened stage
suggesting that the liver supports the vitellogenic activity
(Thirumala and Kiran, 2020).The fecundity of Channa
punctatus was found to decrease due to their exposure to
various pollutants especially heavy metals present in the
water of Sawan Nallaha water (Prakash, 2022). These
results are in accordance with these findings (Dewi and
Probowo, 2017). Martinez et al., (2012) reported that,
GSI of fish, Mullus barbatus decreased under the effect
of heavy metals, possibly due to structural deformation
of DNA and an increase in liver ethoxyresorufin-Odeethylase enzyme activity and probably due to inhibition
of enzymes functioning in synthesis and release of
reproductive hormones. There is also some argument
that CF can increase in polluted and rich organic matter
areas due to increased feeding sources used by tolerant
species that take advantage of this resources (Lohani et
al., 1994). Based on the results of the present study, it can
be concluded that water pollutants present in industrial
effluents and domestic sewage affects negatively on the
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biological and reproductive activities of fishes inhabiting
in these polluted water bodies. The results of present study
provide novel information on this subject for a native
fish species and could be useful for future comparisons
with data of fishes belonging to other environments. The
outcome is helpful for selective breeding programme,
conservation and sustainable fishery management of this
commercially important fish.
In the present study, Pearson’s correlations showed
significant positive correlation of condition factor (K) with
HIS and GSI and also between HSI and GSI (Table 2).
Table 2. Correlation Coefficient and Regression Equation
of Condition factor (K), Hepato-somatic index (HIS) and
Gonado-somatic index (GSI) of Channa punctatus
Correlation b/w
Parameters

Correlation
coefficient (r)

Regression equation
(Y)

K Vs HSI

0.73977

Y= 0.86157446 +
0.91931045X

K Vs GSI

0.81623

Y = 0.32716486 +
2.1197505 X

HIS Vs GSI

0.96026

Y= -1.1466085 +
2.0067687X

Acknowledgements
Author is grateful to Principal and management committee,
M.L.K. (P.G) College, Balrampur for providing necessary
laboratory facilities.

References

Abobi, S.M. (2015). Weight-length models and relative
condition factors of nine (9) freshwater fish species
from the Yapei stretch of the White Volta, Ghana.
Elixir Appl Zool.; 79:30427-30431.
Abowei, J.F.N. (2009). The condition factor, length-weight
relationship and abundance of Elopsseneganensis
(Regan, 1909) from Nkoro River, Niger Delta,
Nigeria. Adv J Food Sci Technol.; 2(1):16-21.
Adams, S.M. (1987). Status and use of biological indicators
for evaluating the effects of stress on fish. In: S.M.
Adams (ed.). Biological Indicators of Stress in Fish,
Vol. 8. Am. Fish Soc. Symp. pp. 8–18.
Anene, A. (2005). Condition factor of four chichlid species
of a man-made lake in Imo state, south-eastern
Nigeria. Turkish J Fisheries Aquatic Sci. 5:43-47.
Bekmezeci, H.D. (2010).
Asago Scyhan Ovasr Drenaj Sistemlerindeki Kirlilik
Etmenlerinin Clarias gariepinus’da Toksiketkileri,
Cukurova Universitesi, Fen Biyoliji ABD, Doktora
Tezi,145.
Benaduce, A.P.S., Kochhann, D., Flores, É.M.M., Dressler,
V.L. and Baldisserotto, B. (2008). Toxicity
of cadmium for silver catfish Rhamdiaquelen

49

(Heptapteridae) embryos and larvae at different
alkalinities. Arch Environ Contam Toxicol. 54: 274282.
Lohani, B.N. and Santos, N.L. (1994). “Environmental
impacts of integrated fisheries development in the
Bicol River basin, the Philippines,” International
Journal of Water Resources Development, 2(1}: 6174, tp://dx.doi. org/10.1080/07900628408722308.
Dewi, N.K. and Probowo, R. (2017). Determination of Liver
Somatic Index (LSI) and Gonadosomatic Index
(GSI) Value of Crap (Cyprinus carpio) and Nile
tilapia (Perca fluviatilis), International Journal of
Scientific and Research Publications, 7(6): 220-223.
Froese, R. (2006). Cube law, condition factor and weightlength relationship: history, meta-analysis and
recommendations. J. Appl. Ichthyol., 22:241-253.
Kaur, S., Singh, P. and Hassan, S.S. (2018). Studies on
Gonado-somatic index (GSI) of selected fishes of
River Sutlej, Panjab. Journal of Entomology and
Zoology Studies. 6(2): 1274-1279.
Martinez-Gomez, C., Fernandez, B., Benedicto, J., Valdes,
J., Campillo, J.A., Leon, V. M. and Vethaak, A.D.
(2012). Health status of Red Mullets from polluted
areas of the Spanish Mediterranean Coast, with
special reference to Portman (SE Spain), Marine
Environmental Research, 77:50-59.
Navarro, J.T. (2010). Zetina-Rejon F, Arreguin-Sanchez
NE. Length-weight relationships of demersal fish
from the Eastern coast of the mouth of the Guf of
Californa. J Fish Aquat Sci. 5:494-502
Ogamba, E.N., Abowei, J.F.N. and Onugu, A. (2014). Lengthweight relationship and condition factor of selected
finfish species from Odi River, Niger Delta, Nigeria.
Journal of Aquatic Science. 29(1A):1-12.
Olopade, J.O. and Tarawallie, S (2014). The length-weight
relationship, condition factor and reproductive
biology
of
Pseudotholithus
senegalensis
(Valenciennes, 1833) in Tombo Western Rural
District of Sierra Leone. Afr J of Food, Agric,
Nutrition and Devment. 14(6):2176-2188.
Oribhabor, B.J., Ogbeigbu, A.E., Udo, M.T.(2011). The
length-weight relationship of brackish water/marine
fish species assemblage in Niger Delta mangrove
creek, Nigeria. Current Research Journal of
Biological Science. 3(6):616-621.
Pandit, D.N., Priyanka, Gupta, M.L. (2019). Hepato-Somatic
Index, Gonado-Somatic Index and Condition Factor
of Anabas testudineus as Bio-Monitoring Tools of
Nickel and Chromium. International Journal of
Innovations in Engineering and Technology. 12 (3):
025-028.
Prakash, S, (2022). Bioaccumulation and Bioconcentration
factor of heavy metal in the tissue of freshwater fish

50
Channapuntctatus collected from Swan Nallaha,
Balrampur, Uttar Pradesh,India. Intern.j.Zool.
invest.8(1):389-396.https://doi.org/10.33745/ijzi.
v08i01.042
Prakash, S. and Verma, A.K.(2019). Length-weight
relationship and Condition factors of fresh water
fishes of Baghel Taal of Bahraich (U.P.), India. J.
Exp. Zool. India. 22(1):343-345.
Saxena, R. (1986). Comparative studies on the gonado
somatic index in two bottom feed ersteleosts. Indian
J. Phy. Nat. Sci., 6A: 39-47.
Singh, A.K. and Singh, T.P. (1979). Seasonal uctuation in
lipid and cholesterol content of ovary, liver and
blood serum in relation to annual sexual cycle in
Heteropneutes fossilis (Bloch) Endo krinologie, 73:
47-54
Thirumala, S. and Kiran, B. R. (2020). An overview on biology
of fresh water fishes in the lentic water bodies of

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper
Shivamogga and Chikmagalur districts, Karnataka.
Gedrag & Organisatie Review. 33(2):2576-2584.
Tiwari, S. and Prakash, S. (2021). Fish as Biomarkers
of aquatic pollution: A review. Proceeding of
International Virtual Seminar on Recent Trends
in Life Sciences and Biotechnology. Rakesh Book
Service, New Delhi. Pp159-162.ISBN: 978-9384998-83-7.
Verma, A.K. and Prakash, S. (2019).Impact of arsenic on
haematology, condition factor, hepatosomatic
and gastrosomatic index of a fresh water cat fish,
Mystusvittatus. International Journal on Biological
Sciences. 10 (2) : 49-54.
Viarengo, A., D.M. Lowe, C. Bolognesi, E. Fabbri and
A. Koehler. (2007). The use of biomarkers in
biomonitoring: a 2-tier approach assessing the level
of pollutant-induced stress syndrome in sentinel
organisms. Comp. Biochem. Physiol. Part C Toxicol.
Pharmacol. 146(3): 281–300.

The Scientific Temper
Vol. 13, No. 1, January-June, 2022:pp 51-54
ISSN 0976-8653, E-ISSN 2231-6396
A Web of Science Journal
Email: letmepublish@rediffmail.com
Doc ID: https://connectjournals.com/03960.2022.13.1.51

Community Analysis of Plant Parasitic Nematodes in and Around
Bilara, Rajasthan
Naresh Vyas, Bhagirath Choudhary and Manu Purohit
Department of Zoology, J. N. V. University, Jodhpur- 342001, India
Corresponding author: drnareshvyas2788@gmail.com

Abstract
During the survey of Bilara area some interesting findings were noted. In some area pearl
millet and vegetable crop are in very flourishing conditions. The survey was conducted to
the nematodes community structure soil and root sample, representing 15 locations were
examined. Eight important genera of plant-parasitic nematodes namely Meloidogyne incognita,
Tylenchorhynchus mashhoodi, Hoplolaimus indicus, Helicotylenchus indius, Xiphenema sp.,
Longidorus sp., Paralongidorus sp. and Paratrichodorus porosus were found (Kamra A,
Pankaj, Sharma H K and Mishra S D 2001). 13 agriculture field surveyed where mustard
(Brassica campestris), jawar (Sorghum vulgare), peart-millet (Pennisetum tyhoides), wheat
(Triticumae aestivum), castor (Ricinus commiinii), caner (Nerium indicum), tulsi (Ocimum
scanctum), pumpkin (Cucurbitta moschata), spinach (Spincea oleracca), lemon (Citrus
limon), brinjal (Solanum melongena) and aak (Calotropis procera). The relative density and
Relative prominence value of Tylenchorhynchus mashhoodi was (56.41) and (61.24) followed
by Helicotylenchus indius (26.11) and (26.09). Tylenchohrynchus mashhoodi most dominant
in study area in which nematodes population very highest in Brinjal per 200 cm3 soil. The
relative densities of Hoplolaimus sp., Meloidogyne incognita were (6.91) and (3.34) relative
prominence values were (5.89) and (2.66). Respectively soil samples were collected from
crop fields in order to study the community analysis of plant parasitic nematodes community
(Shivakumar M, Poornima K, Mani M P and Umamaheshwari 2002).
Keywords: Community analysis, Melidogyne incognita, Tylenchorhynchus mashhoodi,
Hoploaimus sp., Heilcotylenchus indicus, Xiphenema, Longidorus, Paralongidorous and
Paratrichodorus porosus.

Introduction
Bilara is a city and a municipality located in the Jodhpur
district of Rajasthan with 26.18 degree N latitude and 73.70
degree E longitude. It is the administrative headquarters
for Bilara tehsil and a market center for the surrounding
agricultural area. Agricultural crops and naturally grown
angiosperm trees, vast stretcher of grasslands have made
the area beautiful and green. People harvest multiple
crops almost whole of the year like brinjal, lemon,
spinach, pumpkin, tulsi, caner, aak, castor, wheat, pearlmillet, jawar and mustard due to the availability of water
throughout the year. As vegetable crops are dominant in

this region, the presence of plant-parasitic nematodes
was expected in the area (Ali S and Sharma S B 2002). A
survey was therefore, conducted to assess the community
structure of plant-parasitic nematodes in the field soil.

Materials and Methods
Survey was conducted in different vegetable growing
tracts in study area includes the agricultural field to study
the major soil inhabit nematodes associated with vegetable
crops. All together 15 soil samples collected from the
rhizosphere of the vegetable crops. Samples were taken
at the distance of at least 8 k.m. Several cores of sample
to a depth of 10-20 c.m. and was packed in polythene
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Family: Heteroderidae)

bags. Nematodes were extracted from composite soil
samples by Cobb’s decanting and sieving technique
followed by modified Baermann’s funnel method
(ChristieandPerry,1951).
The nematodes thus collected were fixed in hot 4%
formaline and stored for analysis species and genera
of plant-parasitic nematodes were identified and listed
in tables 1 and 2. The population of nematodes in each
sample was counted three time using stereoscopic zoom
microscope and mean was taken community analysis was
done by determining absolute frequency (AF), relative
frequency(RF), absolute density(AD), relative density
(RD), prominence value (PV) and relative prominence
value (RPV) as described by Norton(1978).
The following plant parasitic nematodes were observed:
1. Meloidogyne

incognita

(Order:

2. Tylenchorhynchus
mashhoodi
Tylenchidea, Family: Belonolaimidae)

(Order:

3. Helicotylenchus indicus (Order: Tylenchida,
Family: Hoplolaimidae)
4. Hoplolamius indicus (Order: Tylenchida, Family:
Hoplolaimidae)
5. Xiphenema sp. (Order: Dorylaimida, Family:
Longidoridae)
6. Longidorus sp. (Order: Dorylaimida, Family:
Longidoridae)
7. Paralongidorus sp. (Order: Dorylaimida, Family:
Longidoridae)
8. Paratrichodorus porosus (Order: Triplonchida,
Family: Trichodoridae)

Tylenchida,

Table 1 .Nematodes associated with different crops in and around Bilara.
Nematodes per l00cm3.of soil.
CROP

M. incognita

T. moshhodi

Heli.
indicus

Hoplo.
indicus

Xiphinema
sp.

Longidorous
sp.

Paralongidorous
sp.

P.
porosus

Brinjal

20

240

117

-

-

-

-

-

lemon

7

219

-

-

17

-

-

25

Rijaco

-

58

-

17

16

8

18

16

Pumpkin

-

22

38

-

-

-

-

-

Tulsi

-

33

-

-

-

-

-

-

Caner

-

36

-

16

6

5

-

-

Aak

-

-

25

9

-

-

-

-

Castor

16

205

237

19

-

-

-

-

Wheat

9

208

16

-

-

-

-

-

Wheat

14

63

49

36

-

-

-

-

Wheat

7

77

89

33

24

-

-

15

Pearl millet

-

85

14

-

16

7

-

-

Jawar

-

75

38

9

-

-

-

-

Mustard

14

-

33

42

-

-

-

-

Mustard

-

148

24

-

-

-

15

-

Table2: Community analysis of plant parasitic nematodes occurring in study area of Bilara.
No .of samples=15, size of sample=100cm3
Nematodes
Meloidogyne incognita
Tylenchorhynchus
mashhoodi
Helicotylenchus
indicus
Hoplolaimus
indicus
Xiphenema
sp.

Absolute
Frequency %
46.66
86.66

Relative
frequency%
13.46
25.00

Absolute
density
5.8
97.93

Relative
Density %
3.34
56.41

Prominence
value
39.61
910.74

Relative prominence
value
2.66
61.24

73.33

21.15

45.33

26.11

388.02

26.09

53.33

15.38

12.0

6.91

87.6

5.89

33.33

9.61

5.26

3.03

30.35

2.04
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Longidorus
sp.
Paralongidorus
sp.
Paratrichodorus
porosus

53

20.00

5.76

1.33

0.76

5.94

0.39

13.33

3.84

2.2

1.26

8.03

0.54

20.00

5.76

3.73

2.14

16.67

1.12

Absolute frequency % = (Number of samples containing a
species/Total number of samples examined) × 100
Relative Frequency % = (Frequency of a species in a
sample/sum of frequency of all species present) × 100
Absolute density % = (Number of individuals of a species
in a sample/Volume of the sample)
Relative Density % = (Density of a species in a sample/
Sum of density of all species present) × 100
Prominence Value= Density × √ Absolute frequency
Relative prominence value = (Prominence value of a
species in a sample/sum of prominence value of all species
present) × 100

Fig 1: Comparative account in relative prominence value in
different species of nematodes in study area.

Results
Eight genera of most important plant-parasitic
nematodes in study area of Bilara, Rajasthan in which
nematodes population namely Meloidogyne incognita,
Tylenchorhynchus mashhoodi, Hoplolaimus indicus,
Heliotylenchus indicus, Xiphenema sp., Longidorus sp.,
Paralongidorus sp., and Paratrichodorus porosus were
encountered. (Table 1)
Meloidogyne incognita had high density in 7 out of
15 locations surveyed, brinjal, lemon castor, wheat and
mustard. Heavy root galling and presence of root knot egg
masses.
The stunt nematode Tylenchorhynchus moshhodi in 13
out of 15 locations being dominant in brinjal field @240
nematodes per 100 cm3 soil. It was also present in high

number in lemon (219/100 cm3), castor (205/100cm3) and
wheat (208/100 cm3) field.
The spiral nematode Helicotylenchus indicus was
dominant in a castor field where its density was (237/100
cm3) soil.
Nematodes, Hoploaimus indicus was high number in
mustard field (42/100cm3).
Other plant parasitic nematodes are rare dominant
are as dagger nematode Xiphenema sp. was in number
in wheat (24/100 cm3), Needle nematode Longidorus sp.
(8/100 cm3), Paralongidorus sp. nematode in pearl millet
(18/100 cm3) and Paratrichodorus porosus in lemon
(25/100 cm3) fields.
Although a high absolute frequency was observed
for the stunt nematode (Tylenchorhynchus mashhoodi)
(86.66) followed by spiral nematode (Helicotylenchus
indices) (73.33),(46.66) for lance and root knot nematodes,
(33.33) for dagger nematode ( Xiphinema sp), (13.33) for
Paralongidorus sp. and (20.00) for needle nematode(
Longidorus) and (20.00) for stubby root nematode
(Paratichodorus porosus).
The relative density was (56.41) for stunt nematode
followed by (26.11) for spiral nematode, (6.91) for lance
nematode, (3.34) for root knot nematode, (3.03) for dagger
nematode, (2.14) for stubby root nematode and low of
(1.26) Paralongidorus sp. and (0.76 )for needle nematode,
respectively.
The prominence value was maximum for stunt
nematodes (910.74) followed by spiral nematode (388.02),
lance nematode (87.6), root knot (39.61), dagger nematode
(30.35), stubby root nematode (16.67), Paralongiodorus
sp. (8.03) and needle nematode (5.94) respectively.

Discussion
The stunt nematodes as the most emergent important
nematode in this region. Most of the agriculture field
showed the spaces in between the crops and the high
temperature has increased the occurrence of nematode
population on depth. No association of fungal or bacterial
pathogen was observed. It is possible that good population
of the stunt nematode in brinjal field has affected the
growth of pumpkin.
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ABSTRACT
The current study focuses on Noemacheilus rupicola (McClelland) fecundity in the snowfed Yamuna river in India’s Doon valley. In fish measuring 55mm to 75mm in length, the
reproductive capacity of Noemacheilus rupicola (McClelland) varied from 152 to 1612. The
weight of the fish influences reproductive capacity more than any other body parameter. In
N. rupicola, the average sex ratio was 1.60 male: 1.00 female. The overall sex ratio was
determined to be non-significant.
Keywords: Noemacheilus rupicola (McClelland), Reproductive capacity, Sex-ratio, river
Yamuna, India.

INTRODUCTION
Hillstream fish Noemacheilus rupicola is an ornamental
species. It inhabits the small hill stream and some snowfed rivers of the Garhwal Himalaya. Understanding a
fish’s reproductive capacity is essential to successful
fisheries management and exploitation. According to
Qasim and Qayyums (1962), the success or failure of a
species in any waterbody is primarily determined by its
spawning potential. Fecundity studies assist in assessing
the reproductive capacity of freshwater prawns or fish
in general, as well as wide stock development and
management plans for prawn or fish hatcheries, as well
as stock size assessment of their natural population
(Bahuguna and Kumar 2011a; Bahuguna, 2013).
Dobriyal et al. (2007) observed sexual dimorphism
in Puntius conchonius, a freshwater fish from the
Garhwal Himalaya. Bahuguna et al. (2010) reported
sexual dimorphism in Puntius ticto in the Kumaun
area of Uttarakhand. The sexually dimorphic nature of
Noemacheilus rupicola has not been observed in the River
Yamuna in Uttarakhand, India.

Some ichthyologists contributed to research on the
reproductive capacity of some fish species in Indian rivers
(Bhatnagar 1964; Sinha 1972; Bnegal 1978; Joshi and
Khanna 1980; Pathani 1981; Singh et al., 1982; Dobriyal
and Singh 1987,1989; Islam and Hossain 1990; Kumar et
al., 2006a-b; Bahuguna et al., 2007, 2009, 2010a, 2010c,
2021a-b-c; Dobriyal et al., 2000, 2003, 2010; Joshi et
al., 2010, 2013; Bahuguna and Kumar 2011b; Krishna et
al., 2011a; Bahuguna 2012; Dobriyal 2012; Rayal et al.,
2021a).
Bisht et al., 2005; Bahuguna and Kumar, 2011;
Bahuguna et al., 2010b, 2010d, 2011; Krishna et al.,
2011b; Bahuguna 2013; Jameela and Ramchandran 2005;
Rayal et al., 2021d-f, etc. are some fish biologists who
worked on sex-ratio investigations of Garhwal hill-stream
freshwater fish and prawn fauna. The current study was
in continuation with the previous investigations and it
comprises an understanding of the reproductive capacity
and sex ratio of freshwater fish Noemacheilus rupicola in
the River Yamuna from Uttrakhand, India.
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MATERIAL & METHODS
Traditional fishing gear was used to catch Noemacheilus
rupicola, as proposed by Bahuguna et al., 2010d; Bahuguna
and Joshi, 2012; Bahuguna 2020; Bahuguna 2021; Rayal
2021a-b. When the sample arrived at the laboratory, it was
subsequently preserved with an 8% formalin solution.
From January 2021 to December 2021, a total of 111 fish
were captured with the help of local fisherman’s catch in the
snow-fed river Yamuna from Uttarakhand. The Kulhaal site
was chosen for sampling. To the nearest 1mm, the overall
length was measured. The total body weight was measured
using a digital balance with a 0.001 mg precision. Each
ovary’s length and weight were calculated to the nearest
1mm and 0.001mg, respectively. The anterior, middle,
and posterior regions are used to determine fecundity.
The anterior, middle and posterior parts of the ovary were
sampled for fecundity assessment, and the number of ova
in each sample was counted using a binocular microscope.
The sex ratios were calculated for the entire period
of the study and their significance was assessed using the
Chi-Square test (χ²) using the following equation:
χ² = Σ (O-E)²/E,
Where;
O = Observed value
E = Expected value.
Significance was determined by using the table value
at the F0.05 variable.

RESULTS
Table-1 shows the reproductive capacity as well as different
body parameters of N. rupicola. Fish lengths ranged from
55mm to 75mm, and body weights ranged from 1612mg
to 4162mg. The fish with the lowest reproductive capacity
152 had a length of 55mm and a bodyweight of 1612mg.
The maximum reproductive capacity (1612) was estimated
in fish measuring 75mm in length and weighing 4162mg.
The straight-line relationships of reproductive capacity

with different body parameters were determined and are
presented in Figs. 1-4. Mathematical equation (RC = A +
b. x ) obtained were as follow:
RC = -3899.5 + 68.504 FL

r= 0.9545

r2 = 0.9112

RC = -740.34 + 0.5141 FW

r= 0.9992

r2 = 0.9985

RC = -785.42 + 90.565 OL

r= 0.9839

r2 = 0.9682

RC = -229.49 + 1.7808 OW

r= 0.9708

r2 = 0.9426

Where:
RC = Reproductive capacity
FL = Fish length
FW = Fish weight
OL = Ovary length
OW = Ovary weight
r = coefficient of correlation.
The reproductive capacity was more dependent on
the fish weight (r= 0.9992) than on the other fish body
parameters.
Out of 111 individuals, 53 were females and the rest
58 were males. Maximum fish were collected in the month
of July (13 individuals) and minimum in the months of
January, May, and September (07 individuals in each). The
highest sex ratio was recorded as 1.60 male:1.00 female in
the month of July (Table-2).

DISCUSSION
Noemacheilus rupicola is an ornamental snow-fed fish
with a good reproductive capacity considering its body
length. The fishes in snow-fed rivers show great variation
in their breeding potential. Rayal et al. (2021a) observed
the fecundity of the snow-fed minor carp Barilius
bendelisis from the river Yamuna, in Uttarakhand, India.
The fecundity of the snow-fed water fish varies from a
lowest 162 to a highest 4203, the fish measuring 58mm
to 120mm respectively. It is observed that reproductive
capacity was maximum depending upon the fish weight
than any other body parameters.

Table-1: Reproductive capacity of snow-fed fish Noemacheilus rupicola from River Yamuna.
Fish Length
(mm)

Fish weight
(mg)

Ovary Length
(mm)

Ovary weight (mg)

Fecundity

55-59
57.67±0.35
61-65
63.75±0.41
66-69
67.19±0.72
71-75
73.27± 0.50

1612-2010
1820±210.17
1898-2244
2022.3±185.25
2363-2930
2631.56±271.85
3484-4162
3841.32±212.34

8-11
10.± 0.50
10-14
12.35 ± 1.02
14-19
16.65± 0.72
20-23
21.55± 0.70

190-215
201.51± 9.60
258-367
312.65± 35.15
349-678
568.70± 29.40
641-997
779.15± 95.75

152-209
176±20.11
220-368
324.31±45.50
429 -775
608± 76.15
845-1612
1234± 321

Min – Max*; Average ± SD
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Table-2: Month-wise Sex ratio of Noemacheilus rupicola from January 2021 to December 2021 from spring-fed river Aasan.
Month

Total no.
of fish

M

F

% of M

% of F

Sex
Ratio M

Sex Ratio
F

χ2

January

07

4

3

57.14

42.86

1.33

1.00

0.071

Remarks
NS

February

08

4

4

50

50

1.00

1.00

0

*

March

11

5

6

45.45

54.55

1.00

1.2

0.045

NS

April

10

5

5

50.00

50.00

1.00

1.00

0

*

May

07

4

3

57.14

42.86

1.33

1.0

0.071

NS

June

08

3

5

37.5

65.5

1.00

1.66

0.25

NS

July

13

8

5

61.54

38.46

1.60

1.0

0.346

NS

August

10

6

4

60

40

1.50

1.00

0.2

NS

September

07

4

3

57.14

42.86

1.33

1.00

0.071

NS

October

10

5

5

50

50

1.00

1.00

0

*

November

08

4

4

50

50

1.00

1.00

0

*

December

12

6

6

54.55

45.45

1.00

1.00

0.000

*

Total

111

58

53

52.25

47.75

1.09

1.00

0.115

NS

M = Male fish; F = Female fish; χ = Chi square value; NS = Non-Significant.
2

58

Kumar et al. (2006a) noticed that the fecundity of
Botia dayi Hora was 2225 to 8840 in the length groups
ranging from 10.1 to 14.5 cm and weighing 17.72gm to
38.6gm. According to Bahuguna et al. (2009), the fecundity
of B.vagra varies from a minimum of 510 to a maximum
of 7214 in the length group ranging from 55-89mm from
the Garhwal region. Bahuguna et al. (2010c), studied the
reproductive capacity and sex ratio of a beautiful hillstream loach fish Noemacheilus denisoni Day from river
Mandal in Garhwal Himalaya. The maximum fecundity
was 3729 calculated for a fish measuring 83mm and
weighing 5500mg whereas the minimum fecundity was
300 in the fish measuring 63mm and weighing 2601mg
respectively.
Puntius ticto was in the range of 50 to 78mm in length
and 2519.86 to 8212.37mg in body weight. The lowest

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper

reproductive potential was 383 calculated for a fish 50mm
and weighing 2519.86mg whereas the highest reproductive
potential was 1240 calculated in fish measuring 78mm and
weighing 8212.37mg (Bahuguna et al., 2021b). Bahuguna
and Dobriyal (2019) reported from the Mandal river, that
the fecundity of Puntius conchonius varies from 360 to
1727 in the length groups ranging from 52 to 79mm. Rayal
et al. (2021a) reported that the number of fecundity varied
from 162 to 4203 and fish measuring 58m to 120mm from
River Yamuna. In the present study, low fecundity was
observed in fish found in snow-fed rivers as compared to
fishes in spring-fed conditions.
In fishes, habitat and area, as well as other factors
such as seasonal effect, the influence of riparian vegetation
(Sagir et al., 2018; Baluni and Chandola, 2019 ), availability
of the food like microzoobenthos (Pesic et al., 2019a-b,

Reproductive Capacity of Noemacheilus rupicola and Sex Ratio from River Yamuna, Uttarakhand, India

2020a-b; Bahuguna et al., 2019; Bahuguna and Dobriyal,
2020; Bahuguna et al., 2020a-b; Negi et al., 2021a-b),
macrozoobenthos (Dobriyal et al., 2009, 2011; Bahuguna
et al., 2019; Mamgain et al., 2021), periphytons (Baluni et
al., 2017, 2018; Bahuguna and Baluni 2019; Baluni 2020
), gonad maturity (Bahuguna and Kumar, 2011; Dobriyal,
2013; Bahuguna and Dobriyal, 2013; Rayal et al., 2020;
2021b;), Ageing biology (Tesch, 1971; Dobriyal et al.
2004; Bahuguna 2013; Bahuguna and Balodi, 2015; Joshi
et al., 2017; Bahuguna and Dobriyal, 2019), sex, health
and differences in the estimated length range of the fish,
etc. may affect the length-weight relationship (Bahuguna
et al., 2005, 2009a-b, 2017, 2021a-b, Kumar et al., 2006;
Bahuguna and Joshi, 2010; Joshi et al., 2009, 2014; Rashid
et al., 2019). In the current investigation, four linear
relationships for Noemacheilus rupicola were observed,
each with a high correlation coefficient value. Fish weight
was shown to have a greater impact on fecundity than any
other body parameter.
In the present study, N. rupicola had an overall
average sex ratio of 1.60 male: 1.00 female. The overall
sex ratio was found to be non-significant. In P. vittatus, the
male-female sex ratio was determined to be 1:2 (Jameela
and Ramchandran, 2005). According to Bhatnagar, the
presence of more females in most of the months might be
related to female susceptibility (1964). In N. multifasciatus,
Bahuguna et al. (2021c) reported a 1.66 female to 1.00
male ratio. In P. stigma, Islam and Hossain (1990) found
a 1:1 proportion. Puntius conchonius from the Mandal
River in the Garhwal Himalaya was found to have a 01
male: 1.17 female ratio (Bahuguna and Dobriyal, 2019).
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ABSTRACT
Biotechnological tools such as plant tissue culture are paramount for the selection, multiplication
and maintenance of medicinal plants. Plant tissue culture techniques proffer a desegregated
approach for the production and perusal of enhanced active metabolites available in the plants.
In vitro regeneration also empowers to execution of very large-scale multiplication of diseaseresistant plants. Embracing micropropagation procedures for the creation of plantlets in high
numbers as well to defend befitting germplasm is a prerequisite that needs to be tackled to
develop a rapid in-vitro regeneration of Adhatoda vasica. This plant has been exercised as
a putted therapy in an Unani stream of medicines for centuries. Nodal sections of Adhatoda
vasica were cultivated on Murashige and Skoog (MS) medium with the divergent concentration
of PGRs (Phytohormones) at innumerable frequencies to optimize the germination idiosyncrasy
for induction, proliferation and rooting in the plant. The shoot induction tends to happen
in the concentration of BAP + IBA (1.0mg/l+ 0.6mg/l). Which is supposed as the foremost
concentration for shoot multiplication of excised explants in concentration of BAP+KN+IBA
(2mg/l+1mg/l+0.5mg/l), For rooting the finest concentration of BAP+NAA (1mg/l+0.5mg/l)
are respectively considerable. In the relevant study, nodal components were derived from wild
plants and were operated as explants to prosper coherent micropropagation protocol for the
aforementioned species. Murashige and Skoog (MS) medium supplemented was a worthy
medium to induce and promote the growth of axillary bud.
Keywords: Adhatoda vasica, Nodal explants, MS medium, Micropropagation, Plant Growth
Regulators.

INTRODUCTION
In the present era, medicinal plants are one of the
absolute sources of drugs for the major population of the
world. Indian health care system incorporates medicinal
pluralism and Ayurveda is still dominating over the
comparable modern era medicinal therapy, specially for
the management of diversified chronic disease conditions
(Wijesekera, 1991). The yet escalating global curiosity in
Ayurveda has just resulted in stipulating for a giant raw

material of medicinal plants and also resulted a right
stage for the plant parts accessible in optimum quantities
to execute herbal preparations. Herbal medicine is the
utmost amazing use of plant-based bio-diversity. Bajaj
and Williams (1995) revealed in their study that medicinal
plants play a key function in global health care systems.
Adhatoda vasica is an evergreen shrub, mostly known
as Malabar nut that relates itself to acanthaceae family;
exists entirely in the diversified locations of the world
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(Patel et al., 1984). It is inscribed for its pyrroloquinoline
alkaloids and its derivatives such as vasicine and
vasicinone. This plant is used since ancient times for its
well-known medicinal value. Diseases like cough and cold
were supposed to be treated by this herb in ancient Vedic
period. It is dispensed in various types of medicinal forms
available commercially.
Adhatoda vasica is scheduled under major medicinal
plant species and is exported from India to many countries.
It is rarely possible to germinate it through seeds so it is
always proffered to be processed through vegetative
propagation, production of secondary metabolites and
conservation of germplasm. Currently, parts of plants are
regularly experimented with in various medicinal firms
for research due to which its demand is rising day by
day. Hence endless need lead it to the state of jeopardy
of its existence as an effect. This plant displays little
seed germination and conventional propagation from end
to end cutting is sluggish. Plant tissue and cell culture
organization is being subjugated for the gathering of a
variety of natural products (Sunita and Dhananjay, 2010;
Gaurav et al., 2015a; Dobhal et al., 2013). Plant tissue
culture is not subjected to or reliant on season and milieu.
It can conquer the shortcoming of traditional propagation
techniques. It has thus turned out to be a consistent routine
for plant propagation, especially for the propagation of
rare and endangered species (Goncalves et al., 2010; Saini
et al., 2021).
Its leaves include vasicine, a pyrroloquinoline
alkaloid. In addition, this plant also contains quinazoline,
vasicinone, deoxyvasicine, adhatodic acid, adhatodine,
adhavasinone, vasicinol, vasicol, valine, tannins, saponins,
flavonoids, steroids, glycosides, fixed oils and fats, etc
(Gulfraz et al., 2006; Gaurav et al., 2016; Gaurav et al.,
2018a). Leafy parts of Adhatoda vasica were always
used to cure asthma due to efficacy as a bronchodilator
and mild expectorant. According to Adnan et al., (2010),
various leaf modifications are useful in treating issues
like hemorrhage, dermal diseases, lesion, pain and other
disease in South-East Asia.

MATERIAL AND METHODS
Explant

Materials needed for tissue culture propagation are known
as explants. The explants that were taken for exploration
were nodal components from the healthy mother plant
of Adhatoda vasica. The main plant was collected from
different locations of Dehradun (valley zone of Uttarakhand
in North India). Post collection, the plant was sealed in
small pots for its additional growth. Three months later,
the growth was appreciable and then was considered to be

65

the right time to bring it for tissue culture and so was done.

Surface sterilization of Explants

For micropropagation, surface sterilization plays a very
crucial role. Mihaljevic et al; 2013 suggested the use of
chemicals like Ca(OCl)2, C2H5OH, NaClO, etc. HgCl2
is used to surface sterilization of explant. (Yadav and
Singh, 2018). Surface sterilization of Adhatoda vasica
begins with cutting off the nodal segments up to a scale
of two centimeters and washing under the tap of running
H2O for 4 minutes to 10 min along with a single drop of
Tween-20 emulsifier. Encountering it with 0.05% (w/v)
bavistin for 10 min In order to extirpate excessive phenolic
compounds, antioxidant intro was given by 0.1% (w/v)
polyvinyl pyrrolidone (PVP) for 10 min. These explants
were then washed with seventy percent of C2H5OH for a
minute, Anti-microbial HgCl2 .04% (w/v) for 50 to 60 sec.
Sterilized distilled water was used again and again for the
extirpation of traces of chlorox. Dissection of nodal parts
was done to one and a half centimeters before transfer in
full strength MS medium with various concentrations of
growth regulators.

Medium and Parameters

For the induction of shoot, multiplication and rooting,
Murashige and Skoog media was used along with
variable concentrations of plant growth regulators in
the experimental setup. The medium pH at 5.8 before in
cooperation with Agar using 0.1 N NaOH and 0.1N HCl.
In every flask approx 30 ml of medium was poured by
introducing many growth hormones after Autoclaving
kept at room temperature (Sharma et al., 2016: Rautela et
al., 2018).

In vitro shoot and its development

MS + 6-benzylaminopurine (BAP) + Indole-3-butyric acid
(IBA), Murashige and Skoog full strength + BAP+ Indole3-acetic acid (IAA) of discrete application plus BAP +
IBA+ kinetin for shoot development. Charcoal was also
added in tiny concentrations to overcome the phenolic
exudates as they were turning brown to the explants. Some
flasks were used without growth hormone as they served
as a control for a few cases. This was done after shoot
proliferation Activity was observed frequently after 20 to
22 days of culture.

Rooting

For induction, microshoots about 2-5 cm long were taken.
Half strength medium with concentrations of Napthalene
Acetic Acid (NAA) and BAP in various combinations.
Parameters were recorded within 2 weeks of culture. The
cultures without plant growth hormones served as reins for
both shooting and rooting
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Statistics

Parameters were taken in regular intervals. For every flask,
triplicates were inoculated for rooting and multiplication
After 15 days of culture rooting was observed. ANOVA
was used for analytical purposes.

RESULTS AND DISCUSSION
There is always a risk of interaction with microbes. To
make the explants microbes free, Various .sterilizers were
used such as HgCl2, NaOcl. As per Leifert et al., (1992);
Monokesh et al., (2013) 70% ethyl alcohol for 1.5 min
followed HgCl2 (0.1% + 1-2 drops of Tween 20 for 10
minutes) proved most efficient for the greatest survival
percentage in nodal part and shoot tip. The process
of decontamination results in 90 percent microbesfree cultures and Polyvenyl Pyrrolidone has averted
discoloration because of phenolic compounds in the plant
(Staba et al., 1980). It has been seen that charcoal proved
more effective to reduce phenolics.

Regeneration of shooting:

Plant regeneration and its growth both are synchronized
by plant hormones, most physiological processes depend
on several phytohormones (Wang and Irving, 2001;
Gaurav et al., 2015b; Gaurav et al., 2018b). Various types
of attentiveness of cytokinin (BAP) and auxins, (IBA)
are used in a wide range of concentrations and many are
mixed for the rebirth of the shoot. Best with MS medium
supplemented with BAP (1.0mg/l) + IBA (0.6mg/l)
(Table-1) 67% of created shoot was observed. 3.67 ±
0.33 cm of the usable shoot with an average length of the
shoots 2.20 ± 0.06 cm of the plantlet. The second reading
was on MS medium supplemented with BAP (1.2 mg/l)
+ (0.8 mg/l) in which the average number of usable was
3.67 ± 0.34 with an average of 1.90 ± 0.06 cm. BAP+IBA
combination highlighted the best results rather than the
BAP+IAA combination.

Table-1: Different concentrations of BAP+IBA with full MS medium for the shoot induction of Adhatoda vasica
S.No.

MS+BAP+IBA mg/L

Shoot induction
in %

Shoot count for each explant
(Mean + SE)

Mean Length
(Mean + SE)

1

MS

0.0

0.0

0.0

2

0.5+0.2

33%

1.67±0.32

1.20±0.06

3

0.7+0.4

41%

2.67±0.32

1.57±0.09

4

1+0.6

67%

3.67±0.33

2.20±0.06

5

1.2+0.8

58%

3.67±0.34

1.90±0.06

6

1.4+1

50%

2.67±0.33

1.70±0.06

7

1.6+1.2

41%

2.67±0.33

1.37±0.09

8

1.8+1.4

33%

1.33±0.31

1.07±0.09

Ten repeats/ treatment; go over three times, means are computed by Ducan’s multiple range test at the significance level of 5%

Figure-1: Effect of growth hormones (Level 1 to Level 8 is at various combinations of BAP 0.5 to 1.8 mg/l and IBA 0.2 to 1.4 mg/l )
induction of shoot bud of Adhatoda vasica
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Shoot Multiplication and proliferation

According to khosh-khui and sink, (1982), a higher rate
of multiplication can be observed in in vitro regeneration.
Multiple shoot data were recorded on explants after
15 days on MS medium containing various concentrations
of BAP, IBA and Kinetin. Variable shoot count was

recorded on all culture media. The maximum number of
5.66±0.34 shoots for each explant and with a mean length
of the shoot 2.06±0.07 cm was recorded on MS medium
containing 2.0mg/l BAP in combination with 1.0mg/l IBA
and 0.5mg/l Kinetin (Table-2). This suggests that this
plant required cytokinins to proliferate the high number of
shoots per explants.

Table-2: Different concentrations of BAP, IBA and Kinetin in Full MS medium for initiation of the shoot, shoot growth
multiplication of Adhatoda vasica.
S.No.

BAP+IBA + Kinetin mg/L

Report percentile

Count of Shoot for each explant
(Mean + SE)

Mean Length
(Mean + SE)

1

MS

0.0%

0.0

0.0

2

0.5+0.5+0.2

41%

1.33±0.31

1.20±0.06

3

1+0.5+0.3

50%

3.33±0.33

1.40±0.06

4

1.5+1+0.4

66%

3.66±0.33

1.60±0.07

5

2+1+0.5

75%

5.66±0.34

2.06±0.09

6

2.5+1.5+0.6

58%

4.66±0.33

1.90±0.06

7

3+1.5+0.7

41%

2.66±0.33

1.60±0.06

8

3.5+2+0.8

41%

2.33±0.33

1.60±0.06

10 replicates/treatment, done three times, Means are calculated by Ducan’s multiple range test at the significance level of 5%

Figure-2: Results of Phytohormones from the first level to eighth level of many concentrations of BAP 0.5 to 3.5 mg/l, IBA 0.5 to 2.0
mg/l and kinetin o.2 to 0.8 mg/l) on shoot multiplication of Adhatoda vasica.

In Vitro rooting

To reborn roots in ½ strength MS medium, auxins
were taken in various combinations. Here NAA was
comparatively better than IBA & IAA. Positive results
were reflected in combinations of NAA and BAP. Rooting

was greatly seen in 1.0 mg NAA and 0.5mg BAP in half
strength of MS medium along with the huge count of roots
for each micro shoots as, 6.33± 0.34 which takes only 11
to 15 days for the beginning of root primordial along mean
length of root2.80± 0.07.
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Table-3: Different concentrations of BAP and NAA in ½ MS medium for root induction from regenerated shoots of Adhatoda
vasica.
S.No.

BAP+NAA mg/l

Report percentile

Count of root for each
explant (Mean + SE)

Average length
(Mean + SE)

1

½ MS

0

0

0

2

0.1+0.1

25%

2.33±0.33

1.60±0.06

3

0.5+0.3

41%

5.33±0.33

2.20±0.06

4

1+0.5

66%

6.33±0.34

2.80±0.07

5

1.5+0.7

58%

4.33±0.33

2.40±0.06

6

2+0.9

50%

4.33±0.33

1.90±0.06

7

2.5+1.1

50%

3.33±0.32

1.60±0.05

8

3+1.3

41%

3.33±0.32

1.60±0.05

10 replicates/treatment, done three times, Means are evaluated by Ducan’s multiple range tests at the significance level of 5%.

Figure-3: Different concentrations of Phytohormones from the first Level to eighth level in the various concentration of BAP 0.1 to
3.0 mg/l and NAA 0.1 to 1.3 mg/l) on rooting of Adhatoda vasica.

Figure-4: Micropropagation from nodal explants of Adhatoda vasica: (a) nodal explant taken from mother plant; (b) shoots
propagated on MS medium supplement with BAP, IBA; (c) shoot multiples formed on MS medium prepared with BAP, IBA, KN
after first subculture; (d) Formation of roots
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CONCLUSION
Micropropagation practices used in regard to decorative,
medication purposes in addition to valuable herbaceous
seedlings have been platformed in the best way. This
method for plant germplasm maintenance is really an
influential instrument. The ability to generate plants directly
for explants is fundamental to colonial development of
elite germplasm via micropropagation for the present
study young shoots of Adhatoda vasica were occurring
in the season of November- February. Nodal explants and
shoot tips were used as the source of explants material for
micropropagation. The timeframe in which explants are
collected is among the most crucial factors driving the
development of laboratory-growing cells. Once explants
were treated with BAP + IBA at various concentrations,
maximum shooting and length increase occurred after
12-16 days of incubation. Employing 1.0 mg/l 6-benzyl
aminopurine (BAP) through association to 0.6 mg/l Indole
butyric acid, overall effectiveness increases to shoot
induction, which was reported as observed, with maximal
shoot proliferation 3.67 ± 0.33 and the average length of
the shoot 2.20+ 0.06 cm (IBA). During shoot proliferation,
various amounts including BAP, IBA, and Kinetin have
been utilized. The efficient cytokinin in triggering shoot
proliferation development was discovered to be BAP,
IBA, and Kinetin. MS medium with a low dose of BAP
(2.0 mg/l), IBA (1.0 mg/l), as well as kinetin (0.5 mg/l) in
shoot proliferation plus halfway resilient MS medium with
NAA (0.5 mg/l) and BAP (1.0 mg/l) in root development
in plants generates a good response. The main observation
in the study was made that root and shoot proliferation was
greatly enhanced. Both the escalation and expansion are
pretentious by growth regulator sort and concentrations as
mentioned in modus operandi.
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Abstract
Among terrestrial plants, bryophytes constitute a major part of biodiversity and designated as
the second largest taxonomic group after angiosperms. It is estimated about 20,000 to 25,000
species of mosses, liverworts and hornworts are existing worldwide. Like angiosperms they
also have many ecological and economic impending, especially medicinal value. However,
due to natural attraction and practical ease usually angiosperms have been a preferred choice
as reservoirs of medicinally important phytoconstituents, and this group of plants has been
neglected for a long time despite having many important biologically active compounds.
Mosses, the largest taxonomical group of bryophytes, traditionally known for their therapeutic
values and their extracts have found various applications in ethnopharmacology. Many of the
species of mosses have shown high biological activities and, in several studies, it has been
confirmed that mosses have remarkable antibacterial, antiviral and antifungal activities. There
have not been any valid reports of viruses infecting bryophytes, and thus it seems possible
that bryophytes contain a chemical defense against viruses including COVID-19 due to the
presence of secondary metabolites, viz., terpenoids, flavonoids and bis-bibenzyls, etc., and some
of the bryophytes species have been identified as exhibiting considerable antiviral activity. But,
due to their small size, difficulty in collection and identification majority of mosses is remain
unexplored for the therapeutic purposes, especially in India. Hence, this preliminary attempt
has been made to screen a commonly growing moss species Hyophila involuta Jaeger. for its
phytochemical profile and bioactive potential.
Keyword: Antioxidant, Bioactive, Bryophytes, Mosses, Secondary metabolites.

Introduction
Viruses are obligatory intracellular organisms that rely
on the host cell system for replication and spread due
to their parasitic nature (Helms et al., 2015). Many
pandemics, such as Spanish flu (1918 to 1920), Ebola
viral disease (2014 to 2016), Chikungunya and dengue
fever have been documented in various countries, that is
resulting in thousands of deaths and it is still threatening

(https://www.worldometers.info/coronavirus/rretrieved
on 10.2.2021).
The corona virus pandemic is rapidly spreading
over the world as a serious global challenge (Walls et
al., 2020). SARS-CoV-2 is a third extremely infectious
coronavirus to be discovered in human population,
following the severe acute respiratory syndrome corona
virus in (2002) and (MERS-CoV) Middle East respiratory
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syndrome coronavirus in 2012 (Zhou et al., 2015; Chan
et al., 2015). SARS-CoV-2 infections span from the
mild symptoms and sometimes asymptomatic, infections
limited to the superior respiratory tract to acute respiratory
syndrome exhibited by dissemination to lower air-way,
leading to an inflammation and pneumonia, particularly
in the patients having hypertension, diabetes, or heart
disease (Li et al., 2020). Many plants have been tested
for their anti-viral potential, with a variety of fascinating
outcomes (Mugisha et al., 2014; Lamorde et al., 2010;
Nyamukuru et al., 2017; Mehrotra, 2020). Bryophytes
have been somewhat overlooked and angiosperms are
usual preferred group of plants to be favored for such
studies.
Bryophytes are reported to be the second oldest
group of terrestrial plants in the terms of diversity after
the angiosperms (Asakawa et al., 2013). Among three
classes of this group, the maximum species diversity
is found in the mosses (Gangulee, 1969-1980). Due to
minute size and difficulty in collection/identification,
these plants are neglected as a source of phytochemical
and bioactive compounds. However, they have shown
high biological activities in several phytochemicals that
have been isolated from many species (Crum, 2001,
Krzaczkowski et al., 2009 and Üçüncü et al., 2010). In
many species of mosses distinct bioactive substances
have been isolated in recent time and it was found
that they contain benzoic, pthalic, cinnamic, terpenoids
and a few nitrogen containing aromatic compounds,
sometimes these are found to be structurally alike in
vascular plants (Asakawa et al., 2012). There have been
reports of flavonoids, terpenoids, alkaloids and phenolic
compounds being present (Asakawa et al. 2013; Marques
et al. 2021; Martinez-Abaigar and Nunez-Olivera
2021). Consequently antifungal, antibacterial, antiviral,
antioxidants, anti- inflammatory and anti-cancerous
efficacies with therapeutic potential have been also
observes in mosses (Dey and Mukherjee, 2015).
Antioxidants have been found in angiosperms,
gymnosperms, and pteridophytes to combat oxidative
damage (Bernaert et al., 2011; Hort et al., 2008).
Antioxidants are used extensively in the pharmaceutical
industries as they have endogenous defense mechanism
against (ROS) Reactive Oxygen Species (Frahm, 2004).
There are few reports that provide detail about the unique
bioactive principles and antioxidant activity to mosses,
and there are still much to learn (Chobot et al., 2008). In
the present study Hyophila involuta was obtained from
the Rajasthan region of India and was further tested for
total flavonoid and phenolic content as well as antioxidant
activity.
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Figure 1: A population of Hyophila involuta Jaeger. (x15)

Material and methods
The moss Hyophila involuta Jaeger. (Pottiaceae Schimp.)
(Fig. 1) was collected from the Rajasthan (India) during
August 2019. Voucher specimen has been deposited
in Banasthali University Rajasthan India, BURI7860318/2019.

Extract preparation

The plant samples were washed carefully and subsequently
air dried and grounded using mortar- pestle (Velioglu et al.,
1998). Powdered sample of H. involuta (1g) was extracted
using methanol, n-hexane, ethyl acetate and diethyl ether
(Asakawa and Ludwiczuk, 2013; 2017).

Total phenolic content (TPC)

TPC was determined using the method (Vats, 2012).
Briefly, the reaction mixture was prepared by mixing
0.5ml of water and 0.125ml of methanolic extract in test
tube. Folin-ciocalteu reagent (0.125ml), Sodium carbonate
solution (1.25ml), and water (3ml) were added and left to
stand for 45 min. The absorbance was steady at 760nm.
A result was expressed as mg of gallic acid equivalent/g
of dry material. Values were expressed as mean ±S.D
(Adedeji et al., 2012).

Total flavonoid content (TFC)

TFC was determined following the method (Vats, 2016).
Aluminum chloride (10%), ethanol, potassium acetate of
1M and lastly distilled water was added to the extract of
plant. The reaction mixture was then left to stand at room
temp for 30 min. The absorbance was steady at 415nm.
The results of the extracts were then expressed as mg of
quercetin equivalent per gram of dry weight (mgQE/g)
(Adedeji et al., 2012).
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Table 1: Phytochemical screening of Hyophila involuta
Phytochemicals

Tests

Alkaloids

Dragendorff’s reagent test
Kellar- Killani test
Froth formation test
Ferric chloride test
Xanthoprotein test
Salkowski test
Salkowski test
Millon’s test
Molisch’s test
Saponification test
Shinoda test
Borntrager’s test

Cardio glycosides
Saponin glycosides
Tannins
Proteins
Steroids
Terpenoids
Amino acids
Carbohydrate
Fats
Flavonoids
Anthraquinone

Presence and absence of Hyophila involuta in different extracts

n- hexane
+
+
+
+
+
+
+
+
+
+

DPPH (2,2- diphenyl -1- picrylhydrazyl) radical
scavenging activity.

1ml plant extract was mixed with 1ml of 0.3mM DPPH
reagent and left for 30 minute at room temperature in
the dark. The absorbance was steady at 517nm. Radical
scavenging activity was than expressed as IC50 Mean ± SD
value (Vats et al., 2012; Pejin et al., 2013).

Nitric oxide scavenging assay (NOSA)

2ml Sodium nitroprusside (10mM) in 0.5ml of phosphate
buffer saline (1M; pH 7.4) was mixed with 0.5ml of extract
and was left to stand at 25°C for 150 min. Then from
the incubated mixture 0.5ml was taken and mixed with
1.0ml of sulfanilic acid reagent. Finally, 1.0ml of 0.1%
napthylethylenediamine dihydrochloride was mixed and
again kept for incubation for 30 min at room temperature.
The absorbance was steady at 540nm. NOSA was than
expressed as IC50 (μg/ml) from method of (Badami et al.,
2003).

Statistical analysis

The results were obtained are given as mean (n=3) in
triplicates. The date which are obtained were done by
software IBM SPSS Statistics 20. The three way interaction
was executed between the chosen variable. Turkey’s p ≤
0.05 post test was carry out to compare the variance of
data. Every data obtained in this study was offered as
means ± standard error.

Results
Preliminary phytochemical tests were performed using
different tests (Table 1), the presence of alkaloids,
flavonoids, carbohydrates, steroids and many more
phytochemicals using different solvents. In which the

di-ethyl ether
++
++
++
++
++
++
++
++
++
++

Ethyl acetate
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

methanol
++++
++++
++++
++++
++++
++++
++++
++++
++++
++++

higher yield was obtained in methanol whereas lower yield
was obtained in n-Hexane.

Discussion
TPC and TFC

Phenols are the usual phytoconstituents in plants, and
their constituents have antioxidant properties. Antioxidant
capacity of the phenolic compounds have been studied
extensively in the treatment of a variety of ailments,
including diabetes, inflammation, neurogenerative disease,
cardiac disease and cancer (Soobrattee et al.,2005). In
this present study the maximum TPC was obtained using
n-hexane, methanol, ethyl acetate and diethyl ether (Table
2). The higher yield (24.06±0.05cmg/GAE/g) was obtained
with methanol and lower yield in n-Hexane. Whereas
maximum TFC yield (42.04±0.16cmg/QE/g) was also
obtained with methanol and lower yield in n-Hexane was
obtained (Table 2). Hence, the current study on H. involuta
showed more or less similar outcomes as reported earlier
(Karim et al., 2014).

Antioxidant assays

DPPH is a free radical whose absorbance reduces due to
a color change caused by antioxidants radical scavenging
activity. NO is a signalling molecule, and excessive
amounts of this free radical can disrupt metabolism,
resulting in cancer, inflammation and other problems
(Halliwell, 1997). In a diffusion-limited reaction, OH
radical attacks biomolecules like protein, nucleic acids and
polysaccharides (Chen and Schopfer, 1999).
The antioxidant activity of the plant extract as IC50
value was determined to be high potential in methanol
38.86±0.19 and 36.54±0.17 (μg/ml; Mean ± SD, n=3)
against DPPH and NOSA, respectively (Table 3).
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Table: 2 Quantitative analysis of Hyophila involuta extract in four solvents
Solvents
Variable

Methanol

Ethyl-acetate

Di-ethyl ether

n-Hexane

TPC

24.06±0.05cmg/GAE/g

20.04±0.03bmg/GAE/g

13.06±0.02bmg/GAE/g

07.02±0.01amg/GAE/g

TFC

42.04 ±0.16 mg/QE/g

39.05 ±0.10 mg/QE/g

21.02 ±0.04 mg/QE/g

10.04 ±0.01amg/QE/g

c

b

b

Table: 3 Antioxidant activity of Hyophila involuta extract in different solvents
Tests
Solvents

DPPH(μg/ml)

NOSA(μg/ml)

Methanol

38.86±0.19

36.54 ±0.17

Ethyl acetate

46.04 ±0.24

41.06±0.21

Di-ethyl ether

50.26±0.29

48.04 ±0.25

n-Hexane

54.04 ±0.36

51.03 ±0.30

Figure 1: Total flavonoid content in different solvent

Figure 3: DPPH assay of H.involuta extract in different solvents

Figure 4: NOSA assay of H.involuta extract in different solvents

Conclusion
Figure 2: Total phenolic content in different solvent

The present study reported the preliminary phytochemistry
of H. involuta by qualitative and quantitative analysis
whereas antioxidant activity was also tested by DPPH

Phytochemical Profiling of a Common Moss Hyophila involuta Jaeger. for its Bioactive and Antioxidant Potential

and NOSA. Considering the phytochemical profile of
Hyophila involuta it is evident that the moss would be as
a potential source for natural antioxidants and can be used
in future herbal formulations to enhance the immunity
to prevent the various viral infections attacks including
SRAS-Covid-19. In present scenario there is a need that
the huge bryo-diversity should be evaluated more and
more for their phytochemistry to be used in future.
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ABSTRACT
Bisphenol-A (BPA) is a high volume industrial chemical that is widely employed in the
manufacture of polycarbonate plastics, epoxy resins, flame retardants and other industrial
products. The release of BPA into the environment far exceeds its removal from the different
environmental matrices. Alarming levels of BPA have been reported in air, water, soil and
biological fluids like serum, urine and even amniotic fluid. As waterbodies serve as the ultimate
sink for toxicants, the effect of BPA on aquatic fauna needs to be investigated. BPA and other
similar xenobiotics are known to induce oxidative stress by disturbing the redox balance of the
body. In this study we looked into the activity of antioxidant enzymes of the liver in Channa
punctatus following BPA exposure. As vitamins are also known to reduce oxidative stress, the
effect of co-exposure of vitamin C and BPA was also studied. We observed significant changes
in the activity of antioxidant enzymes as a result of BPA exposure and alleviation of these
effects due to vitamin C.
Keywords: BPA, oxidative stress, SOD, Catalase, GST, antioxidant, vitamin C

INTRODUCTION
Bisphenol A (BPA) is an organic compound that is
extensively used in the manufacture of polycarbonate
plastics, epoxy polymers, flame retardants and thermal
printer paper (Geens et al., 2011). BPA is produced by
condensation of two parts phenol with one part acetone
(Vautherin and Cardoso, 2019). BPA based compounds
and plastics are employed in making a vast array of
products. It is no surprise therefore that BPA production
and consumption is increasing at a tremendous pace. As
per the global BPA market report in 2018, BPA annual
production is expected to reach to 7348 thousand tonnes
by the year 2023 (Naomi et al., 2022). BPA is reported to
leach from plastic wastes (Yamamoto and Yasuhara, 1999)
and epoxy resins (Howdeshell et al., 2003). The presence
of BPA has been reported in all environmental matrices
i.e. air, water and soil, being especially worrisome in
waterbodies as they serve as the ultimate sink for toxicants.

If the rate of generation of reactive oxygen species
(ROS) exceeds the rate at which the physiological
antioxidant mechanisms remove them, it results in
oxidative stress (Sies, 1986). The antioxidant defences of
animals include enzymes like catalase (CAT), Superoxide
Dismutase (SOD), Glutathione Peroxidase (GPx),
Glutathione-S-Transferase (GST) etc. Several studies
highlight the induction of oxidative stress in animals
following BPA exposure (Qiu et al, 2016, Gu et al., 2020).
Several studies have shown that BPA exposure results in
changes in the activity of antioxidant enzymes (Faheem et
al., 2020; Zhang et al., 2020).
Non enzymatic antioxidants like vitamin C and
vitamin E also play an important role in the deactivation of
free radicals (Sies, 1997). Vitamin C or ascorbic acid is a
naturally occurring water soluble vitamin that is extremely
effective as an antioxidant agent (Bendich et al., 1986)
and alleviates toxicant induced oxidative stress in fish
(Abdelazim et al., 2018; Fathima et al., 2019).
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Table 1: Activity of Antioxidant Enzymes in the Liver of C. punctatus after Treatment
Parameter

Group I

Group II

Group III

Group IV

Group V

Group VI

Group VII Group VIII

Group IX

SOD
(U/mg protein)

21.67
+
1.77 a

20.19
+
1.48 a

22.82
+
0.89 a

20.51
+
1.82 a1p

21.75
+
1.56 ap

18.28
+
1.68 a1p

21.03
+
1.89 ap

13.31
+
0.91 b1p

20.90
+
1.83 ap

CAT
(U/mg protein)

130.53
+
3.23a

129.17
+
3.55 a

135.08
+
3.64 a

119.46
+
3.20 a1p

127.16
+
3.36 ap

110.75
+
3.17 b1p

127.41
+
3.20 aq

108.66
+
3.32 b1p

125.89
+
3.36 aq

GPx
(U/mg protein)

47.56
+
3.12 a

46.37
+
2.13 a

52.77
+
3.40 a

40.40
+
4.40 a1p

42.42
+
3.19 ap

29.75
+
2.13 b1p

31.62
+
3.75 bp

31.81
+
2.32 b1p

28.92
+
2.19 bp

GST
(mU/mg
protein)

237.77
+
19.22 a

232.72
+
16.66 a

221.15
+
14.38 a

291.30
+
13.37 a1p

238.88
+
8.08 ap

335.95
+
14.37 b1p

300.74
+
14.13 ap

331.42
+
14.42 b1p

301.76
+
10.80 ap

Note: Values are Mean + SEM of three replicates. Values with different letter (a, b) superscripts differ significantly (p < 0.05) with respect
to control. Values with different numerical (1, 2) superscripts show significant dose dependent difference (p < 0.05) between groups IV, VI
and VIII. Values with different letter (p, q) superscripts show significant difference (p < 0.05) between BPA alone (Groups IV, VI and VIII)
and corresponding BPA + vitamin C co-exposure group (Groups V, VII and IX) as analysed by one way ANOVA followed by Tukey’s post hoc
analysis.

Fish are highly suited for toxicological studies because
they are exposed to the toxicant through their entire body
and can be easily cultured in the laboratory to study the
effect of any particular toxicant. Channa punctatus, the
snake headed murrel, is a hardy fish and a popular model
organism for toxicological studies (Yadav and Trivedi,
2009; Sharma et al., 2019). In this study we investigated the
effect of BPA on the activity of liver antioxidant enzymes
and the ameliorative effect of co-exposure to vitamin C.

MATERIALS AND METHODS

C. punctatus of length 12 + 2 cm and weight 22 + 3 g
were used in this study. The fish were procured from
Sumera reservoir, Aligarh from where they were carefully
transported to the toxicology laboratory, D.S. College,
Aligarh to avoid injury and stress to the animals during
transportation. Following prophylactic treatment with
0.02% KMNO4, the fish were allowed to acclimatize
to laboratory conditions for two weeks as per APHA
guidelines (APHA, 1998). Throughout the study, natural
photoperiod was maintained and fish were fed at 12 hours
intervals with commercial fish feed. Temperature (2325oC), pH (7.6-7.8), dissolved oxygen (7.2-7.6 mg/L),
hardness (175-185mg/L) and conductivity (270-300 μS/
cm) were monitored during the entire study as per APHA
guidelines (APHA, 1998).
A 20% stock solution of BPA (HiMedia Laboratories
Pvt. Ltd, Mumbai, India) was prepared in 100% analytical
grade ethyl alcohol (Nangia 2020; Nangia and Yadav,
2021). Appropriate dilutions of the stock solution were
used for treatment. Three different concentrations of BPA
i.e. 10 %, 20 % and 30 % of 96 hours LC50 as reported
in a previous study from our lab were used (Yadav and

Nangia, 2021). Based on previously published data the
concentration of vitamin C chosen for the study was
50mg/L (Murmu and Shrivastava, 2011). Both vitamin C
and BPA were added to the aquarium water.
The fish were divided into 9 treatment groups. Six
acclimatized fish were randomly assigned to each group
and treated for 15 days. Group I, II and III served as
control, solvent control and vitamin C control. Group IV,
VI and VIII were the BPA exposure groups. These received
1.23 mg/L, 2.46 mg/L and 3.69 mg/L of BPA, respectively.
Groups V, VII and IX were the BPA and vitamin C coexposure groups. The treatment was continued for 15 days.
At the end of the treatment period the fish were
collected gently with a dip net and anaesthetized using
benzocaine solution (50 mg/L). Liver of the fish was
dissected out and used for estimation of antioxidant
enzyme activity. Superoxide dismutase (SOD) activity was
estimated by the modified formazan inhibition method of
Kakkar et al. (1984). Catalase (CAT) activity was estimated
by the method of Sinha (1972). To estimate glutathione
peroxidase (GPx) activity the method of Lawrence and
Burk (1976) was used. Glutathione-S-Transferase was
estimated by the method of Habig et al. (1974).

RESULTS AND DISCUSSION
The activity of different antioxidant enzymes was estimated
in the liver of Channa punctatus after 15 days treatment
with 3 different BPA concentrations and co-exposure with
vitamin C. These results have been summarized in Table 1.

SOD activity in liver

After 15 days of exposure to BPA, the superoxide dismutase
activity in the liver of control fish (group I) was 21.67 +
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1.77 U/mg protein and there was no significant difference
between the three control groups. After BPA exposure, SOD
activity declined; the decrease being significant only in
group VIII. When C. punctatus were exposed to BPA with
vitamin C there was no significant change in SOD activity in
any vitamin C co-exposure group with respect to the groups
that had been exposed to the corresponding concentration
of BPA alone for 15 days (groups IV, VI and VIII).

Catalase activity in liver

After 15 days the catalase activity in the liver of control
fish (group I) was 130.53 + 3.23 U/mg protein. There
was a decrease in catalase activity in groups exposed to
BPA alone. When C. punctatus were exposed to BPA
with vitamin C catalase activity in groups VII and IX
was significantly more than the corresponding BPA only
exposure groups (groups VI and VIII, respectively).

GPx activity in liver

There was no significant difference in the liver GPx
activity of the three control groups. In groups exposed to
BPA a significant decline in GPx activity was observed in
groups VI and VIII. Though the GPx activity in the three
groups co-exposed to BPA and vitamin C tended to be
higher compared to groups exposed to BPA alone, there
was no statistically significant difference between them.

GST activity in liver

After 15 days of exposure to different concentrations
of BPA, liver GST activity in groups VI and VIII were
significantly higher than that in the 15 days control group.
GST activity in groups exposed to BPA and vitamin C
together for 15 days showed no significant difference visa-vis BPA alone exposure groups.
Quesnot et al. (2014) reported that BPA is
capable of inhibiting enzymes of phase I and phase II
biotransformation pathways. They also determined that
phase II transformation was responsible for handling
more than 90 % of all BPA metabolites in the body. The
liver is the primary organ for detoxification of xenobiotics
(Ferreira et al., 2014). In goldfish, it is also the organ with
the highest concentration of BPA (Rouleau and Kohli,
2008). Hassan et al. (2012) reported that BPA exposure
causes hepatotoxicity by increasing oxidative stress. BPA
exposure has been reported to induce alterations in the
markers of oxidative stress in different fish species like
Cyprinus carpio (Qiu et al., 2016; Gu et al., 2020), Labeo
rohita (Faheem et al., 2020), Oreochromis mossambicus
(Chitra and Maiby, 2014) and Oryzias latipes (Wu et al.,
2011). In the present study, BPA exposure resulted in
changes in the activities of superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPx) and glutathione-stransferase (GST).
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The results suggest that BPA exposure inhibited
the activity of SOD, catalase and GPx. This in turn may
result in increased lipid peroxidation in liver tissue of
Chana punctatus. Increased lipid peroxidation in turn may
lead to liver damage (Yadav and Nangia, 2021). These
observations are supported by several studies. Prasanth
and Sadasivan (2013) reported that BPA could bind to the
active site of human SOD and inhibit its catalytic activity.
Similarly, Leem et al. (2016) reported that in human bone
marrow stem cells, BPA exposure caused an overload
of superoxide anion resulting in lipid peroxidation and
consequent cell death.
Jayakanthan et al. (2015) reported that BPA binds to
catalase. Piao et al. (2019) reported that binding of BPA
could reduce catalase activity by upto 29.1%. In this study,
there was a reduction in GPx activity after BPA exposure.
These results are supported the work of Faheem et al.
(2020) in Labeo rohita larvae after 21 days, Srivastava and
Reddy (2019) in H. fossilis after 28 days, Abdel-Tawwab
and Hamed (2018) in Oreochromis niloticus after 6 weeks,
Qiu et al. (2016) in Cyprinus carpio after 30 days and
Deepa et al. (2015) in Oreochromis mossambicus after
28 days. The increase in GST activity after BPA exposure
observed in this study is supported by the reports of Yang
et al. (2013), Deepa et al. (2015), Li et al. (2016), Kaya and
Kaptaner (2016) and Faheem et al. (2020). We propose
that the increase in activity of GST after BPA exposure is
because GST is an important phase II biotransformation
enzyme (Elegbede et al., 1993) and phase II reactions are
important in the biotransformation of BPA (Michałowicz,
2014). However, Maradonna et al. (2014) did not find any
change in GST activity after BPA exposure. The variations
in GST activity after BPA exposure may be due to the
differences in dose of BPA, animal model or route of
administration.
The amelioration of the deleterious effects of BPA
exposure may be because vitamin C is a known scavenger
of ROS like singlet oxygen, superoxide radical, hydroxyl
radical etc. (Frei et al., 1989; Pehlivan, 2017). Secondly,
though vitamin C is not lipid soluble it regenerates vitamin
E which in turn plays an important role in terminating the
lipid peroxidation chain reaction (Benzie, 1996).
The results of this study suggest that homeostatic
mechanisms of Channa punctatus may be capable
of handling the chemical insult due to low ambient
concentration of BPA. This is why low BPA concentrations
do not trigger a statistically significant change in
antioxidant response in Channa punctatus. This study also
suggests that activity of antioxidant enzymes in the liver
of C. punctatus may be a useful biomarker for assessing
oxidative stress due to environmental toxicants.
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ABSTRACT
Nardostachys jatamansi DC is a well-known medicinal and fragrant plant. It is used as an
Ayurvedic medicine that can be found in a wide range of formulations. Details about medicinal
plants can also be found in the Quran, the Bible, and other texts. Mental weakness, skin disorders,
digestive problems, epilepsy, hysteria, and syncope have all been treated with this plant. The
N. jatamansi root and rhizome extracts are used to treat a variety of neurological problems,
including anxiety. Jatamansone, Sesquiterpenoid, Spirojatamol, patchouli alcohol, Jatamol-A
and nardostachone are some of the most prominent phytochemicals found in N. jatamansi.
Anticonvulsant, antispasmodic, antibacterial, antipyretic, antifungal, antidote, antiemetic, and
analgesic are only a few of the therapeutic properties found in N. jatamansi components and
phytochemicals. N. Jatamansi is expected to play a significant role in the rapidly growing field
of herbal products and the management of potential health issues. This article discusses some
of the plant’s main ingredients, biological activities, and medicinal properties that can be used
to treat a variety of diseases.
Keywords: Nardostachys jatamansi, conservation, roots and rhizome, Chemical constituents

INTRODUCTION
N. Jatamansi is a perennial, aromatic, herbaceous plant
with a height of 10-60 cm. Rhizome of the plant is small,
grey, woody and coated with the reddish-brown, tufted,
fibrous remains of dead leaves’ petioles (Pant et al., 2021a).
The leaves of the plant are rosette-shaped, lanceolate
(Naya et al., 1988). Light purple flowers with a campanula
shape. The N. jatamansi species from August through
September blooms. The plant species has been employed
in Ayurvedic and Unani treatment for the time of many
years ago (Nautiyal et al., 2003). The main commercial
portion of the plant is root and rhizome, which extracts

have been utilised in over 26 Ayurvedic treatments and
many other formulations (Airi et al., 2000; Sharma et al.,
2016; Rautela et al., 2018). The rhizome of jatamansi is
used in the manufacture of medicinal oils and oils have
numerous properties as an aromatic additive to restore hair
problems (Kirthikar et al., 1993). The plant’s roots are get
to generate a necessary oil that has been proven to have
antibacterial, antifungal, hypotensive, and anticonvulsant
effects (Arora et al., 1958; Rao et al., 2005). Different
Himalayan region photograph of the plant is shown in
Figure-1.
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Figure-1: Nardostachys jatamansi Plant Different Himalayan Region of Uttarakhand

HISTORICAL BACKGROUND
N. jatamansi plant has been used from ancient times for
healing systems for ages. Since the Ayurvedic times in
India, the plant has played an important function. It is also
used as a medicinal system for other medicinal systems
such as Unani in ancient Greek and Arab scripts, as well
as ancient Egypt, Rome, and Islamic scripts. In Medieval
European cuisine, N. jatamansi is frequently used to season
meals, particularly as part of a spice blend. Hippocrates
recommended a wine drink that was sweetened and spiced
(Singh et al., 2013). The plant’s rhizomes were also
utilised in Ayurvedic medicine as a bitter tonic, stimulant,

antispasmodic, epilepsy treatment, and hysteria treatment
(Jha et al., 2012). The plant has been used to make
fragrances and dyes, and it is economically important.

DESCRIPTION OF THE SPECIES
Nardostachys jatamansi DC is the scientific name of plant.
Family: Caprifoliaceae Synonyms: Nardostachys
jatamansi DC
Nepali name: Jatamansi, Bhulte, Jataman
Spikenard is the English name for this plant.
Jatamansi, Balchhad, and Bhulte are some of the trade
names for this plant.
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Table-1: Plant parts, different extracts and their biological activities.

Plant Part
Leaves

Roots

Rhizome

Whole plant

Extract
Crude extract
Crude extract and subsequent
fractions
Extract in dichloromethane
Essential oil, methanolic
chloroform and aqueous extract
Aqueous and methanoic extract
Oil and extract

Activity
Constipation
Enzyme inhibition activity

Reference
Khan and Gilani, 2011
Khuda et al., 2014

Neurodegeneration
Antioxidant activity

Vishwakarma et al., 2014
Thusoo et al., 2014

Anti-inflammatory activity
Antioxidant activity

Hydrodistilled oil

Topical anti-inflammatory
activity
Anxiety

Shubhan et al., 2007
Pandian and Nagarajan et al.,
2015
Agnihotri et al., 2011

Ethanolic extract

Yan et al., 2011

N. jatamansi botany and taxonomy

Jatamansi is the most well-known of the herbs listed in the
literature. The plant has several stems that are 15–45 cm
long. Leaves are of two types, radical and cauline. Radical
leaves are cordate–ovate, 2.5–8 cm, toothed or sinuate,
long-stalked, while cauline leaves are few, small, entire,
or lobulate (Bell, 2004). Flowers are white or tinged with
pink and occur in flat-topped corymbose clusters on erect,
nearly leafless peduncles. Flowers are unisexual; male and
female flowers appear on different plants. The fruit is small,
about 4 mm in length, coated and flavours (Weberling et
al., 1975). Corolla is funnel-shaped with five lobes. Fruits
are crowned with a persistent pappus-like calyx. Flowering
and fruiting occur from March-April. Seeds ripen in AprilMay. The oil is greenish in colour and has a terrible musk
pod-like odor (Pradhan and Paudel, 2014).

Sesquiterpene was later discovered in abundance in both
groups, with higher levels of accumulation. Jatamansone
is a sesquiterpene that can be found in concentrations as
high as 0.7 percent. The chemical contents of N. jatamansi
and discovered a new sesquiterpene acid, nardin as well as
a new pyranocoumarin. Several coumarins were already
discovered apart from these two (Hoerster et al., 1977;
Rastogi, 1991; Singh et al., 2009). The roots of the jatamansi
plant contain significant amounts of sesquiterpenes
and coumarins, which are primarily responsible for the
needed oil. This plant’s major secondary metabolite are
dihydro jatamansin, jatamansinol, seselin, oroselone,
nardostachyin, jatamansic acid nardosinone, jatamol
A, jatamansinone, valeranal, spirojatamol Actinidine is
another alkaloid that has been discovered (Rucker et al.,
1978; Rucker et al., 1993; Bagchi et al., 1990) (Table-1).

OCCURRENCE AND DISTRIBUTION

PLANT REPRODUCTION

The jatamansi species is found in subalpine to alpine
environments. The herb grows best between 3300 and
5000 meters above sea level (Nayar et al., 1988). The
N. jatamansi plant is critically endangered and a few
others are due to over-exploitation of the rhizome.
Jatamansi production trials at three altitudes (low-1800 m,
intermediate-2200 m, and natural environment-3600 m)
using vegetative propagules and seedling transplantation
procedures under various treatments (Nautiyal et al.,
2003).

PHYTOCHEMISTRY
Both volatile and non-volatile components have been
found in N. jatamansi. Sesquiterpenes make up the
majority of volatile chemicals, while nonvolatile extracts
are dominated by sesquiterpenes, coumarins, lignans,
alkaloids, and steroids (Chatterjee et al., 1997; Rastogi et
al., 1990).

According to Pant et al. (2021b), the plant will be cultivated
in vitro concentration at the different concentrations of
phytohormone (BAP, IBA, Kinetin and NAA). Seeds
and rhizome cuttings can both be used to propagate N.
jatamansi with the former being the preferred method.
Seeds treated with gibberellic acid (GA3) for 48 hours and
rhizomes also treated with GA3 for 48 hours both show
rapid germination. Sand: farmyard manure (1:1:1) media
have been shown to be appropriate in October at lower
altitudes and in May at higher elevations (Chauhan and
Nautiyal, 2007).

BIOLOGICAL PROCESSES
Antioxidant activity: N. jatamansi causes organisms
to become more resistant to stress. Restraint stress (RS)
is one of the most common stressors in experimental
medicine. The outcome of N. jatamansi on RS-induced
alterations in several indices, along with the act of its
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antioxidant activity rats were given different quantities
of ethanolic extracts of N. jatamansi, tracked by five
days of immobilization stress. No clinical indication of
toxicity was seen in rats given varying amount of NJE,
and an in vitro investigation revealed NJE’s free radical
scavenging capability, as indicated by its low IC50 value
(Bhattacharya et al., 1999).
The antioxidant properties of N. jatamansi root
aqueous extract were investigated. Haloperidol was given
to male albino rats to induce catalepsy. However, all drugtreated groups showed a substantial reduction in cataleptic
ratings and appear greatest reduction. (Lyle et al., 2009;
Rasheed et al., 2010).
Nootropic: In both young and old mice, the ethanolic
extract of N. jatamansi was given in different quantities;
the extract improved remembrance in young mice, whereas
in older animals, it restored age-related forgetfulness. As
a result, N. jatamansi could be a beneficial drug in the
treatment of dementia in the elderly (Joshi et al., 2006;
Karkada et al., 2011).
Nervous system: In vitro activity of methanolic and
successive water extracts of N. jatamansi and for in vitro
acetylcholinesterase activity in the nervous system water
extracts were appear to be fewer activity than other types
of extracts like methanolic (Vinutha et al., 2007).
Antidepressant activity: Rats have given an alcoholic
preparation of the roots of N. jatamansi DC. Serotonin
(5-HT), 5-hydroxyindoleacetic acid (5-HIAA) nor-
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epinephrine (NE), dopamine (DA) were given to examine
how they were affected. Acute oral administration of NE
and DA did not affect the levels of 5-HT and 5-HIAA, but
it significantly elevated the levels of 5-HT and 5-HIAA
(Prabhu et al., 1994).

MEDICINAL CHARACTERISTICS AND
USES OF JATAMANSI
The plant has been used since ancient times for various
medicinal purposes, and it is a highly regarded healing
system in Ayurveda (Bhatt et al., 2015). Only a few
clinical trials have been carried out (Sahu et al., 2016).
Because of its antioxidant properties, it takes action
to boost memory and avoiding cell damage helps with
anxiety and sleeplessness (Suriya et al., 2016). Purnima
et al. (2015) describe that because of its antifungal and
antioxidant properties, using Jatamansi oil on the skin
improve infections and prevents aging. Jatamansi also
promotes hair growth by increasing follicular size and
lengthening the hair growth period. Hair growth can be
enhanced by using Jatamansi oil Nakoti et al., 2006. Hair
can also benefit from jatamansi root paste, which helps
to strengthen and grow hair (Gottumukkala et al., 2011;
Patel et al., 2015) Many medicinal property is found in
N. jatamansi plant oil is used to smooth, and healthy hair;
cure disorder of illness, loss of balance, mental disorders,
heart problem and many other various problems (Figure-2;
Joshi et al., 2006; Razack et al., 2012; Jadhav et al., 2009).

Figure-2: Different Pharmacological activities of N. jatamansi plant.
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N. Jatamansi has many benefits some are:

1. Anxiety: The herb jatamansi can help with
anxiety symptoms. The imbalance of the body is
the primary cause of anxiety. Anxiety symptoms
can be alleviated with the use of jatamansi. This is
owing to its Tridosha balancing property as well
as a unique Medhya impact.
2. Epilepsy: Jatamansi is used to treat epilepsy
symptoms. Epilepsy is known as Apasmara in
Ayurveda. Seizures are a common occurrence
in epileptic patients. A seizure occurs when the
brain experiences aberrant electrical activity,
which causes uncontrollable and rapid body
movements. It is possible that this will result in
unconsciousness.
3. Sleeplessness: Jatamansi can help you have
a good night’s sleep. According to Ayurveda,
renders the nervous system sensitive, resulting
in insomnia. Because of its balancing properties,
jatamansi soothes the nervous system.
4. Memory Problems: When administered on a
regular basis, jatamansi aids in the management
of memory loss symptoms. Jatamansi improves
memory and provides immediate mental
alertness.
5. Healing of wounds: Jatamansi and its oil
promotes rapid wound healing, reduce swelling,
and restores the skin’s natural texture. The
combination of Jatamansi oil with coconut oil
aids wound healing and lowers inflammation.
6. Anti-Wrinkle Treatment: Wrinkles appear
because of age, dry skin, and a lack of moisture in
the skin. According to Ayurveda jatamansi and its
oil aid to reduce wrinkles and boosting the skin’s
moisture content. It also aids in the removal of
excessive dryness, softens, and nourishes the
skin.
7. Loss of hair: When applied to the scalp, jatamansi
oil helps to reduce hair loss and encourage hair
growth. This is owing to the fact that hair loss is
mostly caused by an in the body. Jatamansi or its
oil helps to prevent hair loss. It also encourages
hair development and eliminates dryness (Pant et
al., 2020)
8. Antidepressant: Because jatamansi extract has
antidepressant properties, it may be good for
persons who are depressed due to sleep disorders
(Sahu et al., 2016).
9. Antihyperglycemic: In a rat model, the
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rhizome of jatamansi showed a significant
antihyperglycemic effect.
10. Anticonvulsant: The roots of jatamansi increased
the seizure threshold significantly.
11. Anticancer Agent: A 95 percent ethanolic extract
of the roots of jatamansi was found to have a
strong inhibitory effect on the proliferation of
neuroblastoma cell lines in an in vitro research.
12. Internal uses: Jatamansi affects the digestive,
circulatory, urinary, neurological, and skin
systems, as well as the reproductive system.
13. Nervous system: Jatamansi primarily affects the
nervous system. It is a tonic for the mind and
body. It is known as bhutaghna or rakshoghna
because it is effective in treating convulsions and
pain, as well as epilepsy, hysteria, and syncope.
The bulbous root, flowers are also used as a
brain tonic in various conditions, and it is useful
in memory loss. One of the best sedatives for
headaches is jatamansi.
14. Circulatory system: Cardiac depressive and
hypotensive medication for the circulatory system.
The best drug for anasarca and hypertension is
jatamansi.
15. Digestive system: It acts as an appetizer, digestive
laxative, and cholagogue, and is beneficial during
pregnancy. It possesses vataprashaman karma
and is an analgesic and laxative. Jatamansi is
utilised for loss of appetite, stomach distension,
abdominal pain, and amoebiasis because of this
karma. By acting as a cholagogue, it can also help
with liver enlargement and jaundice.
16. Urinary system: It stimulates the kidneys and
increases micturition, making it useful in the
treatment of dysuria and cystitis.

CONCLUSION
This review presents all of the available information
on this critically endangered medicinal plant species,
highlighting the significant knowledge gap in key areas
of its biology. N. jatamansi is a medicinal plant with a
wide range of uses. It is a significant herb in Ayurvedic
medicine. According to the current review, N. jatamansi
possesses a wide range of biological activities, boosting its
use. Because of its therapeutic characteristics, it is a very
beneficial plant. N. jatamansi is a significant medicinal
plant used in the Ayurvedic and Unani systems to treat a
variety of ailments. The various animal experiments show
a considerable influence on the various activities outlined
in traditional treatises.
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ABSTRACT
The rice is a major food crop of India. The rice cultivation has maintained its priority status
in the agriculture sector of the country. The intensive management practices adopted by the
practitioners have been resulted in genetic erosion, thus affecting the species composition of
the rice field ecosystems. There are obvious differences in species composition and community
structure of insects in upland and lowland fields affecting also crop production per year. This
paper presents a work carried out on the biological diversity of rice field ecosystems of India
and proposes the need for conservation strategies to ensure the sustainability of these rice field
ecosystems in the long run in future.
Keywords: Aquatic insect, Rice field ecosystem, biodiversity, community analysis.

Introduction
The rice fields in India fall into three major categories based
on the water regime as under major irrigation schemes,
minor irrigation schemes and rainfed. The majority of rice
fields in the wet zone are rainfed, while the ones in the
intermediate and dry zones are irrigated, by minor or major
irrigation schemes. Most of the irrigated rice fields are
usually successors of shallow marshes or a lowland area
that can be supplied with adequate water (Fernando, 1993).
They are characterized by the presence of a standing water
body, which is temporary and seasonal. Hence, scientists
have viewed flooded rice fields as agronomical managed
marshes (Fernando, 1996), or a type of freshwater marsh
with a cultivated grass (Odum, 1977).
Temporary fresh waters are generally defined as
bodies of fresh water that experience a recurrent dry phase
of varying length that is sometimes predictable in both its
time of onset and duration (Williams, 1996). Therefore,
rice fields, being temporary aquatic habitats with a
generally predictable dry phase, can be scientifically
defined as an agronomical managed temporary wetland
ecosystem (Bambaradeniya, 2000). They are temporary
and seasonal aquatic habitats, managed with a variable
degree of intensity (Halwart, 1994).

The ecosystem diversity of rice field is due to
the variation of the environmental conditions and
management conditions. The rice field biodiversity
is usually synonymous to species diversity due to the
easiness of assessment of the species category, which is
also identified as insect pests, weeds, natural enemies and
neutral forms. Bambaradeniya, et al., (2004) reported
494 species of invertebrates belonging to 10 phyla, 103
species of vertebrates, 89 species of macrophytes, 39
genera of microphytes and 3 species of macro-fungi
from an irrigated rice field ecosystem in India.
T h e
aquatic organisms found in the rice fields of India covers
the entire spectrum of fresh water invertebrates, and that
arthropods are the main terrestrial faunal species. About
130 species of phytophagous insects have been recorded
in rice fields. More than 50% of the terrestrial arthropod
species in rice fields consisted of predators, with spiders
being the dominant predatory group. About 103 species of
vertebrates recorded from an irrigated rice field ecosystem
in India.
The conservation of rainfed rice field biodiversity
needs an integrated approach that includes ecosystem,
species, genetic and cultural aspects. The survey on
biodiversity in such ecosystem contributes to sustain a
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rich biodiversity. This paper is also an effort to investigate
aquatic insect diversity in rice field for further conservation
policies that would help minimizing the loss of biodiversity
due to human and other activities in the future.

Materials and Methods
The insects were sampled through different traps and
identified after acclimatization in laboratory of Zoology
Department laboratory of ZA Islamia PG College Siwan
during 2018-2020.
The insect biodiversity was calculated using the
Shannon-Weaver and Simpson’s diversity indices and
Hill’s diversity numbers (Shannon and Weaver, 1949;
Simpson, 1949; Hill, 1973) along with various multivariate
analyses during the study period. A species diversity
study takes into account the number of species (species
richness) and the importance of individuals in species
(evenness) (Vandermeer, 1981). Shannon’s index accounts
for both abundance and evenness of the species present.
The proportion of species i relative to the total number
of species (pi) was calculated, and then multiplied by the
natural logarithm of this proportion (ln pi). The resulting
product was summed across species, and multiplied by -1.
H is a more reliable measure as sampling size increases. The
addition of the calculation of evenness (J) or equitability
(EH) was also applied. Also, Shannon’s equitability (EH)
was calculated by dividing H by Hmax (here Hmax = lnS).
J=EH =H/H max = H/ ln S
The evenness index measures how evenly species are
distributed in a sample. When all species in a sample are
equally abundant an evenness index will be at its maximum,
decreasing towards zero as the relative abundance of the
species diverges away from evenness (Sebastian et al.,
2005). It means evenness assumes a value between 0 and
1with 1 being complete evenness i.e., a situation in which
all species are equally abundant.
Simpson’s diversity index (D) was used to determine
which sample has more rare species. It is a simple
mathematical measure that characterizes species diversity
(rarity) in a community as-S=(1-D) = 1 - ∑[ ni (ni-1)/
N (N-1)] where pi is the proportional abundance of the
species and is given by pi= ni /N, i= 1,2 ,3,…….S and
ni is the number of individuals of ith species and N is
the known total number of individuals for all S species
in the population. Simpson’s index varies from 0 to 1
and gives the probability that two individuals drawn at
random from an infinitely large population belong to the
different species. For a given species richness (S), eveness
(J) increases as D decreases, and for a given evenness, D
decreases as richness increases.
Hill’s diversity numbers in order to represent number
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of abundant species in samples and also to represent
species maximum in abundance Hill’s diversity numbers
were used. In equation form, Hill’s diversity numbers are
Hα = (∑ piα) 1/(1-α) where pi is the proportion of individuals
belonging to ith species. Hill shows that the 0th, 1st and
2nd order of these diversity numbers (i.e., A=0, 1 and 2)
coincide with three of the most important measures of
diversity. Hills diversity numbers are Number 0: N0=S,
where S is the total number of species, so, N0 is the number
of all species in the sample regardless of their abundance,
Number 1: N1=eH, where H is the Shannon’s index and
is the measure of number of abundant species in the
N1
sample. N1 will always be intermediate betweenN0 and N2,
and Number 2: N2=1/λ, where λ is Simpson’s index and
N2 is the number of species maximum in abundance in a
sample.
The estimated species richness was calculated to
determine whether the sampling sites had been sufficiently
sampled or not. To calculate the estimated number of
species the procedure laid out by Chao was followed.

RESULTS
The values of various diversity components for various
insect orders are given in table 1. It is clear that in case of
Coleoptera the values of S, N, H, D & J were 103, 26069,
3.082, 0.0962 and 0.619 respectively. The (H) value
indicated that Coleoptera had less number of abundant
species (N1=21) in which 10 were maximum in abundance
(N2). The lower value of J indicated that species in
Coleoptera were distributed with a low (62%) evenness
with dominance of few species among which Psammobius
sp. and Berosus sp.1 occurred maximum in abundance.
Due to a lower evenness the rarity (D) was high (Table 1,
Figure 1).
Table 1: Diversity of insect orders.
Insect Order
Coleoptera
Diptera
Hemiptera
Collembola
Trichoptera
Odonata
Ephereroptera

S
103
64
58
13
9
16
02

N
26069
6533
4112
9071
6212
3448
194

H
D
3.082 0.096
3.357 0.056
2.464 0.148
1.282 0.290
1.280 0.288
1.960 0.240
0.479 0.697

J
0.619
0.800
0.607
0.925
0.920
0.708
0.692

N1
21
28
11
3
3
7
1

N2
10
17
06
3
3
4
1

S=Species richness, N=Species abundance, H=Shannon’s index,
D=Simson’s index, J=Evenness, N1 & N2=Hill’snumbers of
diversity (N1=Number of abundant species & N2=Number of
species maximum in abundance.

For Diptera the values of S, N, H, D & J were 64, 6533,
3.357, 0.056 and 0.800 respectively. In this case the value
of (H) was more than that for Coleoptera. This showed
that in Diptera, number of abundant species (N1=28) was
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high than for Coleoptera. Among these species 17 species
were maximum in abundance (N2). But a lower value of
(D) indicated that number of rare species was less than
that of Coleoptera. Due to this low rarity the species
were distributed with high evenness of about 81% with
19% dominance of Anopheles subpictis and Chironomid
species (Table 1, Figure 1).

values of S, N, H, D and J were 13, 9071, 1.282, 0.290
and 0.925 respectively. The lower value of (H) in respect
to Hemiptera indicated that it contains less number of
abundant species. There was high number of rare species
(Table 1, Figure 1). Ephemeroptera consisted of only one
species and hence the diversity analysis was not possible
(Table 1, Figure 1).

Spatial distribution of insect fauna
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Fig. 1: Comparison of (a) insect species richness and (b)
abundance of various insect orders: Cole(Coleptera),
Dip(Diptera), Hem(Hemiptera), Odo(Odonata),
Coll(Collembola), Trichop(Trichoptera) and
Eph(Ephemeroptera).

Hemiptera is also one of the most important insect
orders because its member species include not only
rice pest but predators of rice pest insects as well. The
values of S, N, H, D & J were 58, 4112, 2.464, 0.148 and
0.607 respectively. The low value of (H) as compared to
Diptera indicated that there were less number of abundant
species (N1=11). Among these abundant species 6 species
(N2) were maximum in abundance. A high value of (D)
explained presence of rare species in enormous quantity in
comparison with Diptera. Due to presence of more number
of rare species value of (J) also reduced which illustrated
that species were distributed with low evenness of about
61% evenness and with the dominance of Callicorixa sp.,
Micronecta sp. and Corixa sp. in which all are predatory
species (Table 1, Figure 1).
Odonata is the insect orders whose all members are
well known predators in both of naiads and adult stages of
their life cycles (Benke, 1976). The values of S, N, H, D
& J were 16, 3448, 1.9649, 0.2428 & 0.7087 respectively.
Here, the low value of (H) in comparison with Orthoptera
indicated that it had less number of abundant species (N1=7)
in which only 4 species were maximum in abundance
(N2). On the other hand high value of (D) showed that
there was high number of rare species. This high rarity
lowered the value of (J) which indicated that the species
were distributed with a comparatively low evenness of
about 71% (as compared to Orthoptera) with dominance
of Agriocnemis sp. along with Agriocnemis pygmaea and
Agriocnemis femina femina (Table 1, Figure 1).
Trichoptera is the insect order which all members
are morphologically related to Lepidopteran insects. The

Comparison of insect diversity of rice crop agroecosystems among three sites of the Chapra district: The
values of S, N, H, D & J were 479, 1667, 4.303, 0.031 and
0.702 for Site 1 and 494, 1743, 4.232, 0.682 & 0.682 for
Site 2, while these values were 501, 1945, 4.190, 0.674,
0.674 for Site 3, respectively (Table 3 and Figure 4).
Table 3: Comparison of insect diversity among three sites of
Chapra district
Sites

S

N

H

D

J

N1

N2

Site 1

479

1667

4.333

.031

.702

76

31

Site 2

494

1743

4.232

.682

.682

68

30

Site 3

501

1945

4.190

.674

.674

66

24

In the Site 1 a higher value of (H) showed that it had
more abundant species (N1=76) as compared to other
districts. Among these abundant species 31species were
maximum in abundance (N=2). But on the other hand
a lower value of (D) depicted that it had less number of
rare species as compared to other districts. Due to this
low rarity the species were distributed with high (70%)
evenness (Table 3).
For the Site 2 the value of (H) showed that in this
district abundant species (N1=68) were less than that for
Site 1. Among these abundant species 30 species were
maximum in abundance (N2). On the other hand in case
of rare species the situation was vice versa i.e. it had more
number of rare species than Site 1. Due to this high rarity
the species were distributed with low (68%) evenness as
compared to Site 1 (Table 3).
Richness

Abundance

2500
2000
1500
1000
500
0
Site 1

Site 2

Site 3

Figure 4: Comparison of Species Richness and Abundance
among three Selected Sites.
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The value of (H) was less but of (D) was high as
compared to other sites for site 3 indicating that it had
less number of abundant species but high number of rare
species. It is also clear from the values of N1 (66) and N2
(24). Because of high number of rare species, the evenness
value, as compared to other sites, was also low which
showed that insect species were 67% evenly distributed
(Table 4 and figure 5).
Table 4. Effect of LIP and HIP rice crop agro system on
insect diversity
Sites Inputs S
Site 1
Site 2
Site 3

N

H

D

J

N1 N2 P-Value

High

195 3390 4.24 0.05

0.712 69 28

Low

232 5000 4.30 0.031 .700

73 31

High

199 3605 4.16 0.038 .676

64 26

Low

239 5120 4.20 .031

65 31

.697

High

205 3417 4.12 .046

.684

61 21

Low

246 5510 4.04 .038

.674

65 26

Richness

0
.34
0

Abundance
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Figure 5: Composition of Species Richness and Abundance
between LIP and HIP rice fields

The rich biodiversity associated with the rice field
agro-ecosystems could be compatible with conservation
objectives and meets the requirements/interests/emphases
of agroecologists as well as conservation biologists
(Bambaradeniya, et al 2004). Bambaradeniya, et al. (2004)
further stated that flooded rice fields serve as ecotones that
lie between land and water and hence, they provide an
important feeding habitat for fauna and could contribute
to enhance the biodiversity especially in the urban and
sub-urban areas. McNeely and Scherr (2001) reported
of the growing interest in concepts of eco-agriculture
where agricultural systems are managed as both a food
production and biodiversity conservation system.
Conservation of biodiversity of rice fields needs an
integrated approach to include ecosystem, species, genetic
and cultural diversity aspects. Conservation of these
ecosystems is essential. In this regard the water logged
rice field ecosystems in the India would be the priority
concern due to high level of siltation and conversion to
other land uses. Species diversity of rice fields has been
addressed to some level where as genetic diversity of rice
has been approached via in situ, ex situ and circa situm
mechanisms. The surveys on biodiversity associated
with the rice field agro-ecosystem conducted to-date
have clearly demonstrated that the rice field ecosystem
contributes to sustain a rich biodiversity, including unique
as well as threatened species. The sustenance of the rice
field ecosystem could be assured only by developing and
adopting environmentally friendly technologies that would
help minimizing the loss of biodiversity due to human and
other interventions in the era of modern agriculture.

Discussion
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individuals (abundance) and the number of species present
(Jana, et al., 2006). The results show that among three
districts, Site 3 had greater values for species richness and
abundance as compared to other sites leading to propagate
a diverse insect fauna besides supporting a high number
of rare species as compared to Site 2 and Site 1. The
differences of the diversity between the Site 1 and Site 2
and of Site 2 and Site 3 were statistically non-significant.
Overall species richness and abundance in Site 1 was less
and in Site 3 was high whereas Site 2 lied in between the
two sites as for as its role in supporting insect diversity
(species richness and abundance) was concerned. The
reason for high diversity in Site 3 is due to the facts that it
was less developed (fewer industries having less industrial
emissions and less land fragmentation due to housing
societies and other infrastructure) as compared to Site 1
and Site 2.

The authors need to thank Dr Abul Kalam (PG Head,
ZA Islamia College, Siwan) for their mutual support
and provide all necessary facilities in the laboratory to
complete this research work in a short time with accurate
findings.

References

Bambaradeniya CNB, Edirisinghe JP, De Silva DN,
Gunatilleke CVS, Ranawana KB and Wijekoon S
(2004): Biodiversity and Conservation 13: 17151753
Bambaradeniya CNB (2000): Ecology and Biodiversity in
an irrigated rice field ecosystem in Sri Lanka. PhD
Thesis, University of Peradeniya, Sri Lanka, 525 pp.
Fernando CH (1993): Rice field ecology and fish culture - an
overview. Hydrobiologia, 259: 91-113.
Halwart M (1994): Fish as bio-control agents in rice: The
potential of Common carp Cyprinus carpio (L) and
Nile tilapia Oreochromis niloticus (L). Weikersheim,

Spatial Insect Biodiversity and Community Analysis in Selected Rice Fields of North Bihar
Germany: Margraf Verlag. Pp169.
Hill MO (1973): Diversity and evenness: a unifying notation
and its consequences. Ecologia, 54: 427-431.
Jana G, KK Mishra and T Bhattacharya (2006): Diversity of
some insect fauna in industrial and non-industrial
areas of West Bengal, India. J Insect Conservation,
10: 249-260.
McNeely JA and Scherr S (2001): Common ground common
future:How ecoagriculture can help feed the world
and save wild biodiversity. IUCN- the world
Conservation Union.pp 24.

93

Odum EP (1997): Ecology: A bridge between science and
society. USA: Sinauer Associates Inc. P. 330.
Shannon CE and W Weaver (1949): The mathematical theory
and communication. University of Illinois press,
Urbana.
Vandermeer J (1981): Elementary mathematical ecology.
John Wiley and Sons, New York, pp. 294.
Williams DD (1996): Environmental constraints in temporary
freshwaters and their consequences for the insect
fauna. Journal of the North American Benthological
Society 15(4): 634 -650.

The Scientific Temper
Vol. 13, No. 1, January-June, 2022:pp 94-96
ISSN 0976-8653, E-ISSN 2231-6396
A Web of Science Journal
Email: letmepublish@rediffmail.com
Doc ID: https://connectjournals.com/03960.2022.13.1.94

Fish Diversity and Spatial Distribution in Gandak Floodplains
of Gopalganj District, Bihar (India)
Lakhan Kumar Tiwari and Nalini Bhardwaj
Department of Zoology, Jai Prakash University, Chapra (Bihar)
Department of Zoology, ZA Islamia PG College, Siwan (Bihar)
Corresponding author: lakhantiwari900@gmail.com

ABSTRACT
This study was performed to evaluate fish diversity, community structure, spatial distribution
and conservation status in 5.8 km stretch of Gandak floodplain sites from Mangalpur to
Khajuria ghat with three selected reservoirs during 2021 showed different major, minor and
miscellaneous fishes with some ornamental fishes. The existed fishes showed variable fish
abundance at sites unless investigation was performed to one year duration.
Keywords: Fish diversity, Community structure, Spatial distribution, Gandak river floodplains

INTRODUCTION
The Gandak River is one of the major tributaries of
Ganges fed by perpetual snow of the Himalayas. The river
flows about 300 km through Bihar with freshwater fish
account 40% of all reported species (Bhat, 2000). There
is intensive previous work of upper stretch in the Gandak
river from Bhaisalotan site (David, 1963). They conducted
fishery survey in primary stretch of the river. Some
workers investigated fish richness of different freshwater
systems in India, however, only few fragmented reports
were available about Gandak river.
The aquatic diversity experiences serious threats about
both diversity and ecosystem stability. India is one of the
mega biodiversity hotspots in the world and occupies the
ninth position in terms of freshwater mega biodiversity. It
is needful to develop research and systematic conservation
planning to protect freshwater biodiversity (Lakra et al.,
2010, Kathirvelpandian, 2010). Various methods and
strategies have been proposed by many workers (Lakra et
al., 2006).
The Ganga river system have about 11 orders, 30
families, 72 genera and 141 species (Menon, 1974) has
listed 141 species, belonging to 72 genera, 30 families
and 11 orders from Ganga River system. However, there
are no complete records on fish diversity in gandak river
floodplain sites in Gopalganj district. This study is an

approach to examine the fish diversity and community
distribution in this region is important due to abundance
of several fish species.

Materials and Methods
The Gandak River floodplain sites in eastern India have
been selected for this study. This aquatic ecosystem
contains rich flora and fauna records. The area investigated
during April 2020 to March 2021 in which fish survey
conducted with the help of local fishermen and fish
catches through different size gill net, cast net, trap and
angles. The sampled specimens were preserved in 10 %
formalin for identification after photography. The fishes
were identified following taxonomic publications (Talwar
and Jhingaran, 1991; Jayaram, 1999 and Das et al., 2010).

RESULTS
In the present study in all 23 fish species were recorded
belonging to 9 families from 5.6 km stretch of Gandak river
floodplain sites. Taxonomic position, vernacular name,
conservation status and spot of collection of the individual
fish species assorted according to family are listed in
table 1. During the course of investigation maximum
number of species belonged to family Cyprinidae (18)
followed by Bagridae (6) and Channidae (5). The family
Schilbeidae, Tetraodontidae and Cobitidae represented
(3) species each. Notopteridae, Siluridae, Ambassidae
and Mastacembelidae represented 2 species each family.
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abstraction, dam construction, sedimentation and illogical
fishing. These have discerningly adverse effect on natural
fish production, which showed constant declining trends.
This study showed fish diversity alteration in
floodplains due to spatial and temporal characteristics
of studied sites in this investigation and also previously,
David (1963) listed 113 fish species in the Gandak River
at upper stretch, 161 km above and 24 km below the
Bhaisalotan barrage.
David (1963) recorded availability of Hilsa ilisha
from close to Bettiah but in the present study, it was not
recorded in this stretch. Exotic fishes like Cyprinus carpio
was also recorded from the river but their number of catch
was negligible. It is a sad commentary that the Indian
Major Carps have declined sharply in the last one decade
while forage and catfishes are increasing drastically in the
river.
A good number of ornamental fishes were also
recorded during the present investigation. Due to lack
of proper knowledge of the value and marketing of
ornamental fishes among the fishers, these are sold at a
very low price. Most of the fish catch is sold by fishers
on spot to brokers and brokers finally sale it in local fish
markets at higher rates.

Families Sisoridae, Claridae, Heteropneustidae, Belonidae,
Belontidae, Nandidae, Gobiidae and Anabantidae were
represented by only 1 species each (Figure 1)

Figure 1: Fish abundance in selected sites of Gandak
floodplains

The Cyprinidae contributed highest of 33% fish
species, among which, Cabdio morar (Chepua) and
Puntius sp. (Sidhari) were the most abundant forms, Labeo
rohita (Rohu), Catla catla (Bhakur) and Cirhhinus mrigala
(Nain) were not found in good number but Labeo bata,
Labeo boga and Labeo calbasu occured in good quantity.
Mystus sp. was recorded in abundance with the occurrence
all the year round (Table 1).
Fishers catch on an average about 5-6 kg of fish daily
dominated by miscellaneous and cat fishes. According to
fishers assumption, the fish catch of the river floodplains
has declined during last 20 years probably due to climate
change, fishing of brood stock in the spawning ground
through fishing net with small mesh size.

Conclusions
The immature fishing has been during the study period,
which has resulted in tremendous decrease of major carps.
Therefore, fishery provisions should be strictly followed
to protect fish species especially Indian major carps.
Indian major carps are high priced fishes, but their stocks
are declining. The local fishermen explained reduced fish
catch due to indiscriminate fishing, usage of fine nets,
siltation, changing land use pattern and flood. This has
resulted and forced many of them to migrate and change
their profession.

Discussion
There is lack of complete records on the fishery potential
in the Gandak river floodplains sites. River is the major
source of fisheries and significantly shares to the inland
fish production; however, anthropogenic activities
during recent years changed water quality through water

Table 1: Fish groups in Gandak river floodplain sites during study period
Family
Cyprinidae

Bagridae

Genus

Site 1

Site 2

95

Site 3

Richness

Abundane

Relative abundance

Catla

9

3

6

3

47

21.4

Labeo

7

3

5

4

28

12.7

Salmostoma

2

3

4

1

6

2.7

Mystus

2

9

5

2

11

5

Puntius

3

6

2

2

6

2.7

Rita

6

13

8

3

12

5.4

Mystus

4

15

9

1

4

1.8

Siluridae

Ompok

3

8

6

2

12

5.14

Mastacembelus

Mastacambelus

8

7

4

3

19

8.6

Notopteridae

Notopterous

5

10

6

3

25

11.4

96
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ABSTRACT
Therapeutic plants have filled in as a steady wellspring of medicaments, which have incredible
viability and interest in the treatment of different sicknesses. One of the plants that merit
consideration is Mucuna pruriens. M. pruriens is a fundamental healing plant filling in the
shrubs, supports, and dry deciduous woods all through India. It is utilized in conventional
homeopathic medication arrangements in India for the treatment of male virility and neurological
infections. It is recorded that M. pruriens includes L-3, 4-dihydroxy phenylalanine (L-DOPA)
a synapse antecedent, utilized for the fix of Parkinson’s infection. It has been likewise utilized
as a customary food in certain nations. The metal and phytochemical examination showed that
seeds of velvet bean or M. pruriens can be consumed securely, in light of the fact that their
fixation was beneath the most extreme level required. Phytochemical investigation exhibited
the occurrence of steroids, tannins, saponins and alkaloids in the methanol concentrate of the
plant. However, the primary phenolic part of M. pruriens is L-DOPA. It disconnects might be
of remedial worth with respect to a few pathologies however this examination additionally
worried about the in vitro shoot acceptance of M. pruriens in light of the fact that the enormous
interest of L-DOPA is mostly welcomed by the drug business by the extraction of the build from
wild populaces has prompted its deficient accessibility in normal condition.
Keywords: Male virility, M. pruriens, L-Dopa.

INTRODUCTION
Mucuna pruriens Linn (Fabaceae), otherwise called
cowhage organic product, kapikacho, or kevach is the
most normally utilized ayurvedic drug. M. pruriens is
an under-used vegetable species filled transcendently in
Asia, Africa, and certain pieces of America (Vadivel and
Janardhanan, 2000). Among the wild vegetables, the class
Mucuna is far-reaching in hot, humid, and sub-tropical
regions of the biosphere and is measured as an elective
protein source. Primarily in India, this vegetable has been
considered as a therapeutic plant filled in certain pieces
of Madhya Pradesh, Uttar Pradesh, Andaman and the
Nicobar Islands. It normally fills in the entire tropical

fields of India from the scope of the lower Himalayans
(Saini et al., 2021). Inhabitants of these states utilize these
vegetables as customary medication and for the plan of
conventional food items. It develops best in regions where
yearly daytime temperatures are inside the scope of 20 30°C and Annual downpour fall going 1,000-2,000 mm is
great for the development of M. pruriens. It is an important
therapeutic plant used to deal with a few illnesses like
jungle fever, malignant growth, epilepsy, Parkinson’s
infection, looseness of the bowels, helminthiasis, ulcer,
fruitlessness, snakebite, scorpion stings, and elephantiasis
(Lampariello et al., 2011; Okafor et al., 2013; Oyeyemi
et al., 2019). The plant fills in as a cover crop normally

98

developed as successful green fertilizer to renew crushed
soil because of its capacity to gather supplements in
different conditions (Sathiyanarayanan and Arulmozhi,
2007; Lorenzetti et al., 1998). It shows allelopathy to
tidy development and is productive in diminishing the
roundworm populace in ranches (Lampariello et al., 2011;
Pugalenthi et al., 2005).
A few examinations have exposed that L-DOPA
(L-3,4-dihydroxyphenylalanine), isoflavanones, lectin,
and a few alkaloids confined in seeds of M. pruriens
are liable meant for the huge bioactivity of its unrefined
concentrates (Dendup et al., 2014; Lacerda et al., 2015).
As of late, a few remedial methodologies have been
embraced to make a sound living reasonably for all
no matter what their status in the general public, since
engineered items are costly as well as accompanied by
unfavorable impacts (Atanasov et al., 2015; Jimoh et
al., 2019). The difficulties presented by the expense and
security of manufactured medications have raised the
necessity to investigate more or less used plant species
rumors meant for huge therapeutic importance (Jimoh et
al., 2019; Jimoh et al., 2018; Olatunji et al., 2019). From
past reports, various pieces of Mucuna pruriens have been
shown to stand really great meant for assorted remedial
resolutions (Oyeyemi et al., 2019; Sathiyanarayanan and
Arulmozhi, 2007).
To add to the rising interest for plant-based items as
regular cures in the drug business as well as in families
and creation of the accumulate from wild substances
has prompted its insufficient accessibility in normal
conditions, so in vitro plant, culture procedures including
organ culture and callus culture (Pugalenthi et al., 2005;
Dobhal et al., 2013; Sharma et al., 2013; Rautela et al.,
2018) might be a reasonable option for proliferation and
preservation of plant and this study tries to survey in
vitro shoot recovery of M. pruriens and afterward assess
the phytochemicals and cell reinforcement exercises of
the plant. It is our educated assessment that the result
of this examination will help drug businesses and
families that might need to investigate the herbal plant
as a diet complement or meant for additional restorative
determinations. The present study was concluded with the
establishment of in vitro shoot induction and determined
the analysis of antioxidant and phytochemical properties
of Mucuna pruriens.

MATERIAL AND METHODS
Plant Material

The plant material was collected from the botanical
garden of Shri Guru Ram Rai University, Dehradun,
Uttarakhand.
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Figure-1: Showing the mother plant M. pruriens.

Determination of Moisture Content:

Dampness not set in stone by setting gauged test of 5 gm
of medication in broiler for 5 hours at 105ºC, and mass
of test remained determined at regular intervals until the
heaviness of the example emerged to stand consistent, no
variety of mass remained noted. This taster was permitted
to unruffled or cool down at ambient temperature in a
crucible apparatus designed intended for an hour prior to
gauging (The Ayurveda Pharmacopeia of India, 2007).

Crude Extraction

Ethanol and Methanol of the usual scientific category were
used for extraction. Soxhlet method for the extraction was
used. 50 gm of powder dried plant material used for the
extraction and 250 ml each of Methanol and ethanol as
a solvent used and Soxhlet run for 8 to 10 cycles and the
remains after filtration were collected together and rigorous
to 2% of its unique volume through vanishing at condensed
compression in a rotatory evaporating apparatus. The
gluey concentrate acquired remained gauged and the rate
of production determined. The pre-arranged extricates
were then put away in hygienic jugs set aside at 40C in a
fridge till additional utilization. The same technique was
followed for ethanol extraction (Gaurav, 2016).
Weight of plant extract
Percentage Yield or
=
produce (%)
Weight of dry Sample

Qualitative phytochemical analysis

× 100

This test was performed to decide the optional metabolites
bunches contained in the velvet bean extricate (Gaurav,
2016; Sardjon et al., 2012).
Alkaloid test: Alkaloid test was done by adding not
many drops of Mayer’s reagent to the arrangement of 0.5
g of concentrate in 1 ml of chloroform. Development of
white accelerates show the presence of alkaloids. Mayer’s
reagent was ready by dissolving of 1 gram KI in 20 ml of
refined water, and 0.271 g HgCl2 was added to an answer
of KI.
Tannin test: Test was finished by weighing 0.1 gram
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of concentrate broke down in 2 milliliters of purified water
and afterward mixing a couple of droplets of 1% FeCl3.
The presence of dim blue tone demonstrates the presence
of tannin (phenolic).
Saponin test: Saponin test was led by thawing 0.1
gram of concentrate in 3 milliliters of refined water,
formerly, at that point, shaken energetically for 10 minutes.
The rise of froth demonstrates the presence of saponin.
Steroid test: Steroids test was led by thawing 0.1
g of concentrate in 1 ml of distilled water, formerly,
at that point, add up of 1 ml of CH3COOH and 1 ml of
concentrated H2SO4 to it. The rise of the blue or purple
tone demonstrates the presence of steroids.
Flavonoids test: Flavonoid test was led by thawing
0.1 gram of concentrate in 3 milliliters of refined water and
afterward add up of 0.1 g of Magnesium dust and 1 ml of
concentrated HCl. The yellow tone shows the presence of
flavonoids.

Determination of Heavy metals

The occurrence of heavy metals such as As, Ni, Co, Pb,
Hg, Ag and Zn compounds remained attempted through
various techniques (Sharma et al., 2017).
As: 10.0 milligram of debris was added up in an
experimental tube and broke up although tenderly warming
with 5 milliliters of somewhat acidic water and hypo
phosphorus substance was added up, an earthy coloured
accelerate was shaped.
Ni: Thawed 20 milligram of debris of the medication
in around 0.5 milliliter of water, fermented through a
couple of droplets of weaken HCL corrosive, and afterward
adding up of drop by drop a weaken arrangement of NaOH.
A blue hasten is framed which becomes green in colour on
heating.
Co: Thawed 20 milligram of the slag of the medication
in around 0.5 milliliters of distilled water, and fermented
with a couple of drops of weaken HCL corrosive. Adding
up of a couple of droplets of weaken arrangement of
NaOH. A blue encourage is shaped which becomes pink
on heating.
Pb: Thawed 0.1 gram of the constituent being
inspected in 1millilitre of weaken acidic corrosive or
utilize 1 milliliter of the endorsed arrangement. Adding up
of 2 milliliters of K2CrO4 arrangement; yellow in colour
accelerate insoluble in 2 milliliters of 10 molar NaOH was
created.
Hg: Thawed 20-25 milligram of the slag of the
medication in 1 milliliter of distilled water and adding
up of KI arrangement. A red colour hasten is shaped
that disintegrated in an overabundance of the chemical
constituent.
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Ag: Thawed 20-25 milligrams of slag of the
medication in 2-3 milliliters of refined water and adding
up of 0.2 milliliters of 7 molar HCL corrosive. A white
curd type accelerate is shaped that is solvent in 3 milliliters
of 6 molar alkali. Adding up of a couple of droplets of a
10% w/v fluid arrangement of KI a yellowish encourage
is created.
Zn: Thawed 20-25 milligram of the slag in 2-3
milliliters of distilled water and adding up of 0.2 milliliters
of 10 molar NaOH. A whitish encourage or precipitate is
shaped which is disintegrated in 2 milliliters of 10 molar
NaOH arrangement. Adding up of around 5 milliliters
of 2 molar NH4Cl along with 0.1 milliliters of Na2S
arrangement. A woolly, whitish accelerate is created.

Antioxidant studies
DPPH radical-scavenging activity of the extract

0.2 mm DPPH prepared by dissolving 7.8 mg DPPH solute
in the 99.5 % ethanol and volume make up by 100 ml and
it was kept in dark for about 2 hours until the absorbance
stabilized. Another reagent used for the test is 0.1 Molar
Tris buffer solution of HCL (pH-7.4) was prepared.
Subsequently that 200 microlitre of an analytical taster
solution and 800 µl of 0.1 molar Tris HCL were added
into a test tube, 1 milliliter of DPPH solution adding up
instantly, then solution was assorted with a solution mixer
for 10 sec. Afterward, it remained kept at normal ambient
temperature. After half an hour of the addition of DPPH
and the optical density of the solution at 517 nm was
measured and a mixture of ethanol, tris HCL and DPPH
used as blank. Gallic acid used as standard (Anosike et
al., 2019).
% scavenging activity of DPPH = (OD of control – OD of
sample)/ (OD of control) × 100

Estimation of vitamin E content of the extract

An amount of the example (2.5 milliliters) remained set
in 2 experimental test tubes; 0.5 milliliter HNO3 corrosive
was adding up of to each and every tube and put for 3 min
in bubbling water. Experimental tubes were chilled and
permitted to remain for 15 min in obscurity. The capacity
of arrangement in each Experimental tube’s volume
makes up to 5 milliliters with ethanol and optical density
estimated at 470 nanometres. The centralization of vitamin
E in the experimental arrangement was resolved utilizing
an alignment bend of typical vitamin E fixation. A clear
arrangement comprising 2.5 milliliters of refined water
was placed in an experimental tube and 0.5 milliliter HNO3
corrosive added up and set for 3 minin a bubbling water.
The cylinder was chilled and set aside in obscurity. The
standard was arranged utilizing a case of 1000 milligram
vitamin E (Anosike et al., 2019).
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Shoot Induction

For the shoot induction, the nodal explant of M. pruriens
was surface sterilized by treating with a detergent (Tween
20, etc), and then with 0.1 % (w/v) of PVP and with a
fungicide for 15 to 30 min then 0.1 % (w/v) mercuric
chloride (HgCl2) aqueous solution for 1 minute followed
through systematic washing in disinfected distilled water.
The formerly sterile explant was inoculated on MS media
supplemented with 3% of sucrose and 8% of agar with
different concentrations of cytokinin (50 mg-100 mg of
BAP), and auxin (50- 100 mg of NAA and 100- 200 mg of
2,4-D). After that, the culture was nurtured in the culture
incubation room at 25°C±1°C and with 55 % maximum
comparative dampness (Saini et al., 2021; Gaurav et al.,
2018; Pant et al., 2021).

RESULT AND DISCUSSION
Moisture and Ash Content

Phytochemical Availability in the Methanol
extract of M. pruriens.

Table-3 illustrates the consequences of the phytochemical
screening of the plant extract which uncovered the
availability of a few significant bio-actives in mixtures
like Flavonoids, steroids, tannins, saponins, and alkaloids.
Table-3: Bioavailability of phytochemicals in methanol
extract of M. Pruriens leaves.
S.No. Phytochemicals

Bioavailability

1

Flavonoids

Highly available

2

Alkaloids

Moderately available

3

Tannins

Moderately available

4

Saponins

Highly available

5

Steroids

Highly available

Qualitative determination of Heavy Metals:

How much water content in the material is related with
the virtue and the presence of impurities in the simplicia.
Assurance of debris content gives an outline of inward and
outer mineral substance got from the underlying system to
get great simplicial and extricates got from normal plants
and pollutants during the interaction. The quantity of the
greatest permissible debris content is related with virtue
and pollution. Water and ash content contained in seeds of
M. pruriens are shown in Table-1.
Table-1: Showing the percentage of Moisture and
Ash content in M. pruriens seeds.
S.N.

Parameters

% In seeds of M. pruriens

1

Moisture content

9.70

2

Ash content

2.89

Extract of leaves of M. pruriens

Table-2 illustrates the produced percentage of the methanol
and ethanol extract of the plant compared to the weight of
the dried plant sample formerly extracted. The desiccated
weight (50 grams) of the crushed sample gave 6.86% of
ethanol extract and 7.9% of methanol extract.
Table-2: Produced percentage of extract of M. pruriens plant
material.
S.No. Solvents Weight of
used for
desiccated
extraction plant
sample
used
(gram)

Weight Percentage Colour of
of plant (%)
extract
extract produced
(gram)

1

Methanol

50

3.95

7.9

Dark
Green

2

Ethanol

50

3.43

6.86

Dark
Green

Metal subjective tests were performed to decide the
number of metal foreign substances that were contained in
the example. Table-4 shows the results of qualitative tests
including Lead (Pb), Silver (Ag), Tin (Sn), Mercury (Hg)
and Arsenic (As), Nickel (Ni), Cobalt (Co), Zinc (Zn).
Table-4: Shows the heavy metal contaminant in the ash of
seeds of M. pruriens.
S.No.

Heavy Metals

Result

1

As

Negative

2

Ni

Negative

3

Co

Negative

4

Pb

Negative

5

Hg

Negative

6

Ag

Negative

7

Zn

Negative

Antioxidant Activity:
Antioxidant Vitamins E Amount in the Methanol
extract of M. pruriens leaves

Table-5 demonstrates the amount (milligram/100gram) of
antioxidant vitamins E having in the extract of M. pruriens.
The amount of vitamin E was 99.58 milligram/100gram.
Table-5: Showing the Vitamin E concentration.
Constituent

Amount (mg/100g)

Vitamin E

99.58

1,1 diphenyl-2-picrylhydrazil (DPPH) free
radical scavenging activity

The activity of antioxidants in the methanol extract of
Mucuna pruriens plant leaves utilizing DPPH measure
had been displayed in Fig. 2. The different convergences
of the concentrate displayed huge antioxidant action. The
% rummaging action of the DPPH extremist through the

Establishment of in vitro Shoot Induction and an Evaluation of Antioxidant and Phytochemical Properties

concentrate for the various groupings of 0.375, 1.2, 1.5,
3.14 and 3.58 milligram/milliliter were 57, 61, 72, 76, and
80 % respectively (Figure-2).

Figure-2: DPPH percentage inhibition and radical scavenging
activity.

Shoot Regeneration:

Table-6 shows the result, after 2 weeks of incubation in
a culture incubation room at 25°C±1°C and with 55 %
maximum comparative humidity of culturing nodal explant
getting a shoot regenerate in the MS media augmented
with 3 % of sucrose and 8 % agar, and concentration and
combination of growth regulators such as BAP, NAA and
2,4-D (Figure 3).
Table-6: Showing the no. of shoot regenerate of M. pruriens
in the different concentrations of Auxin and Cytokinin
S.No.

Medium

Hormone taken
(mg/l)

No. of
explant

No. of
shoots

1

MS

50 BAP +50
NAA+100 2,4-D

10

7

2

MS

50 BAP +100
NAA+100 2,4-D

10

3

A
B
Figure-3: A- cultured nodal explant, B- The regenerated shoot
of M. pruriens.

CONCLUSION
The current research demonstrated that M. pruriens could
be used as an antioxidant, extract of plant leaves has
shown more than 80 % antioxidant activity. The metal
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examination showed that both seed and leaves were as
yet ok for utilization, they are beneath the most extreme
level. Phytochemical examination showed that both the
samples contain an alkaloid, tannin, saponin, flavonoids
and steroids. All plant parts of velvet beans such as leaf,
stem, seeds and root have been portrayed to have remedial
purposes and it has been considered in a few relations,
for example, it has been shown antioxidant activity. The
data shows that in vitro shoot recovery innovation could
be an expense proficient method for high return creation
of the best establishing material consistently, with next
to no occasional imperatives. Albeit furthermore work is
expected to take advantage of the all-out likelihood of the
plant in the area of pharmacology.

REFERENCES

Anosike, C.A., Igboegwu,O.N. and Nwodo, O.F. (2019).
Antioxidant properties and membrane stabilization
effects of methanol extract of Mucuna pruriens
leaves on normal and sickle erythrocytes. Journal
of Traditional and Complementary Medicine.
9(4):278-84.
Atanasov, A.G., Waltenberger, B., Pferschy-Wenzig, E.M.,
Linder, T., Wawrosch, C., Uhrin, P., Temml, V.,
Wang, L., Schwaiger, S. and Heiss, E.H. (2015).
Discovery and resupply of pharmacologically
active plant-derived natural products: A review.
Biotechnol. Adv. 33: 1582–1614.
Dendup, T., Prachyawarakorn, V., Pansanit, A., Ruchirawat,
S. and Kittakoop, P. (2014). α-Glucosidase
inhibitory activities of isoflavanones, isoflavones,
and pterocarpans from Mucuna pruriens. Planta
Med. 80: 604–608.
Dobhal, U., Sharma, M.D., Singh, P., Sharma, E., Kumar,
S. and Gaur, A. (2013). Optimization of conditions
for micropropagation of two commercial sugarcane
cultivars Copant 03220 and Copant 05224. Journal
of Cell and Tissue Research.13(3): 3921-3926.
Gaurav, N. (2016). An Experimental Text Book on
Phytochemical Analysis and Antimicrobial Activity
of Mentha Piperita. Onlinegatha.
Gaurav, N., Singh, A.P., Srivastava, A., Kumar, A. and Gariya,
H.S. (2018). In vitro propagation of Withania
somnifera L.(dunal) from callus of embryonic
cotyledon explants in B5 medium. Indian Forester.
144(1):36-40.
Jimoh, M.O., Afolayan, A.J. and Lewu, F.B. (2018).
Suitability of Amaranthus species for alleviating
human dietary deficiencies. S. Afr. J. Bot. 115: 65–
73.
Jimoh, M.O., Afolayan, A.J. and Lewu, F.B. (2019).
Therapeutic uses of Amaranthus caudatus L. Trop.
Biomed. 36: 1038–1053.

102
Lacerda, R.R., Moreira, I.C., Sabino, J., Carenina, A., De
Lacerda, S., Cabral, N.L., Lucetti, D.L., Viana,
S.D.B., Francisco, C. and Felipe, B. (2015).
Lectin isolated from Brazilian seeds of velvet bean
(Mucuna pruriens (L) DC.) presents analgesic, antiinflammatory and antihemolytic action. J. Med.
Plants Res.9: 231–242.
Lampariello, L.R., Cortelazzo, A., Guerranti, R., Sticozzi, C.
and Valacchi, G. (2011). The magic velvet bean of
Mucuna pruriens. J. Tradit. Complement. Med. 2:
331–339.
Lorenzetti, F., Macisaac, S., Arnason, J.T., Awang, D.V.C. and
Buckles, D. (1998). The phytochemistry, toxicology,
and food potential of velvet bean (Mucuna Adans.
spp., Fabaceae). In Cover Crops in West Africa:
Contributing to Sustainable Agriculture, Eds, IDRC:
Ottawa, ON, Canada.67–84.
Okafor, A.I., Nok, A.J. and Inuwa, H. (2013). Antiplasmodial
activity of aqueous leaf extract of Mucuna pruriens
Linn in mice infected with Plasmodium berghei
(NK-65 Strain). J. Appl. Pharm. Sci. 3: 52–55.
Olatunji, T.L. and Afolayan, A.J. (2019). Comparison of
nutritional, antioxidant vitamins and capsaicin
contents in Capsicum annuum and C. frutescens.
Int. J. Veg. Sci. 18: 1–18.
Oyeyemi, I.T., Akinseye, K.M., Adebayo, S.S., Oyetunji,
M.T. and Oyeyemi, O.T. (2019). Ethnobotanical
survey of the plants used for the management of
malaria in Ondo State, Nigeria. S. Afr. J. Bot.124:
391–401.
Pant, H.C., Pant, H.V., Kumar, A., Tomar, H., Dev, M.,
Gaurav, N. (2021). In vitro Clonal Propagation of
Nardostachys jatamansi: A Traditional Himalayan
Medicinal Plant. Journal of mountain research.
16(3): 87-98.

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper
Pugalenthi, M., Vadivel, V. and Siddhuraju, P. (2005).
Alternative food/feed perspectives of an
underutilized legume Mucuna pruriens var. UtilisA Review. Plant Foods Hum. Nutr. 60: 201–218.
Rautela, I., Dhiman, M., Sharma, M.D. and Misra, P. (2018)
In vitro regeneration of medicinal plant Ephedra
gerardiana. Int J Pharm Sci & Res; 9(3): 1183-88.
Saini, N., Gaurav, N., Kumar, A., Pant, H.C., Rautela, I.,
and Kumar, P. (2021). Mass clonal propagation of
mucuna pruriens (fabaceae) and an assesment of its
phytochemical properties. Plant cell biotechnology
and molecular biology. 22 (33-34): 274-287.
Sardjon, R.E., Musthapa, I., Sholihin, H. and Ramdhani, R.P.
(2012). Physicochemical composition of Indonesian
velvet bean (Mucuna pruriens L.). Global Journal
of Research on Medicinal Plants & Indigenous
Medicine.1(4):101.
Sathiyanarayanan, L. and Arulmozhi, S. (2007). Mucuna
pruriens Linn. - A comprehensive review.
Pharmacogn. Rev. 1: 157–162.
Sharma, N., Rautela, I. and Sharma, M.D. (2016). Mass
Propagation and GC-MS Analysis of Critically
Endangered Plant Withania Coagulans. International
Journal of Applied Biology and Pharmaceutical
Technology 7(2): 64-70.
Sharma, T., Ramamurthy, A., Nathani, S. and Sharma, G.
(2017). A comparative pharmacognosy study of
black and white seeds of kapikacchu (Mucuna
pruriens (L.) DC.). International Journal of
Pharmaceutical Sciences and Research. 8(2):838.
The Ayurveda Pharmacopeia of India. (2007). Part II, Vol-I.
New Delhi: Govt. of India, Ministry of health and
family welfare, Dept. of Ayush; 2.2.10: 141.
Vadivel, V. and Janardhanan, K. (2000). Nutritional and antinutritional composition of velvet bean: An underutilized food legume in South India. Inter. J. Food
Sci. Nutri. 51: 279–287.

The Scientific Temper
Vol. 13, No. 1, January-June, 2022:pp 103-107
ISSN 0976-8653, E-ISSN 2231-6396
A Web of Science Journal
Email: letmepublish@rediffmail.com
Doc ID: https://connectjournals.com/03960.2022.13.1.103

Seasonal Zooplankton Community of Shatiya Wetland in
Gopalganj District of North Bihar
Manisha Pallvi
Department of Zoology, Jai Prakash University, Chapra (Bihar)
Corresponding author: manisha789pallavi@gmail.com

ABSTRACT
Zooplankton community is cosmopolitan in nature and they inhabit all freshwater habitats of the
world. These species are not only useful as bio-indicators, but are also helpful for ameliorating
polluted waters. Hence qualitative and quantitative studies of zooplankton diversity are of great
importance. In the present study, monthly changes in diversity and density of zooplankton
assemblages had been recorded during July 2021 to March 2022 at two selected sites of Shatiya
wetland in Gopalganj district of Bihar (India). The population abundance is appropriate in this
wetland during the study period which might be able for sufficient fish productivity.
Keywords: Zooplankton, Tropical wetland, Diversity and Density

Introduction
Wetlands are the most productive ecosystem of the world
comparable to coral reefs and rainforests. However, human
activities like leaching of noxious liquids from solid waste
deposits or untreated waste discharge reach a climax
which has undesirable effects on aquatic environment
(Chapman, 1996). The wetlands are cradles of biological
diversity, providing the water and primary productivity
upon which countless species of plants and animals
depend for survival (Prakash, 2020). They support high
concentration of mammal, bird, reptile, amphibian, fish
and invertebrate species.
Wetlands and water bodies are important components
of watersheds and provide many valuable functions to
the environment and society (Verma and Prakash, 2018).
In addition, aquatic ecosystems are severely affected by
anthropogenic activities. The use of various ecological
methods is important to know the health status of an
aquatic ecosystem. Further, the water quality influences
the species composition, abundance, productivity and
physiological conditions of the aquatic community and
water quality is indicated by the structure and composition
of these aquatic communities.
Biodiversity is the ‘foundation of human life’ on
earth because each organism plays an important role and

helps in producing more productive and stable ecosystem
which has the ability to survive in stress conditions.
Environmental conditions play a key role in defining the
function and distribution of organisms, in combination
with other factors.
Environmental changes have had enormous impacts
on biodiversity patterns in the past and will remain one
of the major drivers of biodiversity patterns in the future
(Prakash and Srivastava, 2019). The climate change has
a huge impact on biodiversity (Prakash and Srivastava,
2019) and farmers’ practices (Mandal and Singh, 2020).
The biodiversity loss has ecological impact (Kumar and
Verma, 2017).
Zooplankton is a diverse group of heterotrophic
organisms that consume phytoplankton, regenerates
via their metabolism, and transfer energy to higher
trophic levels. They play an important role in recycling
nutrients as well as cycling energy within their respective
environment (Kar and Kar, 2016). They invariably form
an integral component for fresh water communities and
contribute to biological productivity (Ramachandra et
al., 2017). Further, these are also good indicator of the
changes in water quality because they are strongly affected
by environmental conditions and respond quickly.
Population density and diversity of plankton in a
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water body are of great importance in imposing sustainable
management policies as they vary from location to
location and aquatic systems within the same location. The
inadequate knowledge of plankton and their dynamics is
a major drawback for the better understanding of the life
process of fresh water bodies. Thre is scarcity of literature
upon zooplankton community analysis except Verma
(2020) and Sugumaran et al., (2020). So, the present study
was an attempt for reporting Zooplankton abundance in
Shatiya wetland sites of Gopalganj district in Bihar.

MATERIALS AND METHODS
The plankton were collected with the help of a plankton
net made up of bolting silk (No. 25) by the hauling method.
The plankton from the shallower zone were collected by
filtering water through plankton net with the help of a 1
litre capacity beaker as in these areas it was difficult to
apply hauling method. The volume of water filtered was
calculated. The above collected sample was preserved in
5% formalin.
The Qualitative analysis of plankton was done
under a compound microscope with the help of available
monograph and literature (Needham and Needham, 1966
and Sehgal, 1983). Lackey drop micro-transect method
subsequently modified by Edmondson (1974) was used to
enumerate plankton density quantitatively. This method
involves the plankton enumeration in one drop of the
concentrated sample taken on a slide. The zooplanktons
were counted while moving the slide with the help of a
movable stage to other edge. The slide was shifted to the
next field and the above process was repeated on the path
parallel to the earlier one in the reverse direction. Number

of transects were counted. Five drops of concentrated
sample were examined to get average plankton density.
Hill’s diversity numbers in order to represent number
of abundant species in samples and also to represent
species maximum in abundance Hill’s diversity numbers
were used. In equation form, Hill’s diversity numbers are
Hα = (∑ piα) 1/(1-α) where pi is the proportion of individuals
belonging to ith species. Hill shows that the 0th, 1st and
2nd order of these diversity numbers (i.e., A=0, 1 and 2)
coincide with three of the most important measures of
diversity. Hills diversity numbers are Number 0: N0=S,
where S is the total number of species, so, N0 is the number
of all species in the sample regardless of their abundance,
Number 1: N1=eH, where H is the Shannon’s index and
is the measure of number of abundant species in the
N1
sample. N1 will always be intermediate betweenN0 and N2,
and Number 2: N2=1/λ, where λ is Simpson’s index and
N2 is the number of species maximum in abundance in a
sample.
Calculation: Organisms/drop=(Area of cover slip/
Area of transect) x Individuals count recorded per transect:
Where; Area of cover slip= (for round cover slip); Area of
transect was measured with the help of stage and ocular
micrometer; Total organisms/ml = Total no. of organisms
/ drop x No. of drops/ml. Also, Density (organism/l) = (a
x V)/L: Where; a =number of organisms, V = volume of
concentrates and L = water filtered in litre.

RESULTS
The percent composition of phytoplanktons and
Zooplanktons in both the Sites has been summarized in
Table -1.

Table 1: Percent composition of planktons in two Sites of Satiya wetland
Site No.
1
2

Plankton type
Phytoplankton
Zooplankton
Phytoplankton
Zooplankton

Jul 2021
83.33
16.06
25.38
74.61

Aug
95.88
4.11
76.06
23.97

Sep
91.90
8.09
99.79
0.20

Oct
92.95
7.04
44.61
55.38

Nov
86.86
13.13
78.60
21.39

Dec
98.45
1.54
67.75
32.04

Jan 2022
99.34
0.62
90.74
9.36

Feb
86.34
13.65
91.00
9.00

Mar
95.68
4.32
99.74
0.26

This Table indicating that phytoplankton: Zooplankton percentage ranged from 83.33- 99.34: 0.62-16.06 in Site No.
1 and 25.38-99.79: 0.20-74.61 in Site No. 2. The seasonal variation of zooplanktons is given in Table 2 and 3.
Table 2: Seasonal variation in the abundance of Zooplanktons in Site 1 of Satiya wetland
Zooplankton
Crustacean larva
Daphnia
Ceriodaphnia
Moina
Cyclopus
Diaptomus
Mesocyclops

Jul 2021
14
8
5
2
4

Aug
10
6
13
12
8

Sep
12
17
21
25
2
12

Oct
10
76
64
32
4
-

Nov
125
267
12
96
316
27
-

Dec
92
295
12
103
-

Jan 2022
2
2
4
2

Feb
1062
78
8
8
32
90
4

Mar
324
11
18
2
6
7
32

Seasonal Zooplankton Community of Shatiya Wetland in Gopalganj District of North Bihar
Brachionus
Filinia
Keratella
Euglena
Ceratium

12
3
6
2
2

15
12
6
4

26
4
12
7
6

7
26
15
12
6

2
42
29
92
7

4
38
8
3

105

8
2

18
37
125
18
3

40
22
7
2

Table 3: Seasonal variation in the abundance of Zooplanktons in Site 2 of Satiya wetland
Zooplankton

Jul 2021

Aug

Sep

Oct

Nov

Dec

Jan 2022

Feb

Mar

Brachionus

12

43

20

18

21

86

8

310

12

Polyarthra

48

27

2

6

8

47

86

102

10

Filinia

14

12

5

128

2

-

12

16

-

Asplanchna

8

-

-

-

-

12

-

-

-

Keratella

18

11

-

162

-

67

9

148

20

Crustacean larva

80

207

10

4

32

1

98

73

3

Cyclops

37

60

3

2

14

1

15

12

1

Daphnia

27

6

17

148

7

100

7

192

18

Eubranchinus

-

3

2

46

10

67

9

148

21

Euglena

-

4

1

-

27

90

4

86

8

The zooplankton of this wetland showed both temporal
and spatial variation as evidenced by density in months of
investigation in Figure 1. The density of site 1 have lower
value than site 2 except in July when surprisingly density
of zooplanktons are higher in site1.

The wetland consist different groups of zooplanktons
at both sites with variation in their percentage contribution
in the community participating in energy allocation to
tertiary organisms as a part of trophic system. There is more
rotifer existence at site 2 rather than 1 due to eutrophic and
shallow nature with maximum anthropogenic disturbances
during the study period and forever (Figure 3).

Figure 1: Zoopankton density in Shatiya wetland sites

There zooplankton abundance also showed similar
pattern as density variation in this wetland evidenced in
Figure 2, where high abundance observed in site 2 except
in July when abundance was high in site 1 during the
investigation period.

Figure 3: Zoopankton groups in Shatiya wetland sites
Amongst Rotifers-Filinia, Keratella and Brachinus,
amongst Cladocera, Daphnia, Ceriodaphnia, Moina
and amongst Copepods, Cyclops and mesocyclops were
dominant species. Amongst Protozoa Euglena and
Ceratium were the dominant zooplanktons.

Discussion

Figure 2:Zoopankton Abundance in Shatiya wetland sites

In the present study rotifera dominated the zooplankton
assemblage for a major part of the year. The cladocerans
dominated during the winter season. The rotifers showed
overall optimum density and they were most abundant
during the rainy and summer season at different sites.
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In a majority of wetlands studied in the tropics,
Rotifera is the most abundant group (Yousuf 1989).
Also, Tarnot and Bhatnagar (1988) reported dominance
of copepods over rotifers in the Upper Lake in Bhopal,
Madlhya Pradesh. The optimum density of rotifers could
be attributed to a variety of reasons. Copepods including
copepodite stages of cyclopo1ds and diaptomids prey
upon rotifers (Williamson 1987). The low rotifer density
during the winter season could be due to competition with
increased cladocerans for the same resource base.
The relative contribution of different groups has also
been shown to be influenced by the trophic level of the
water. Nutrient enrichment leads to phytoplankton blooms,
change in predator abundances and other physic chemical
changes. The total zooplankton biomass increases with
increase in lake productivity and is accompanied both
by species and group replacements within the macrozooplankton and there is an increase in micro-zooplankton
population consisting of rotifers and ciliate protozoa (Bays
& Crisman 1983). Rotifers are indicators of higher trophic
levels (Saxena 1987). Waters with abundance of copepods
are said to be at a lower trophic stage (Yousuf 1989).
In this study the cladoceran assemblage during the
rainy season consisted of species capable of feeding on both
detritus and algae (Fryer 1985) and could possibly switch
from one mode to the other. Daphnia lhuamholtzi was the
most abundant cladoceran during the winter season at all
the sites. This species with pronounced helmets and long
tail spines could avoid predation by larger invertebrates
and young fish. Lewis and Maki (1981) have found a
direct relationship between increased hardness of water
and daphinid productivity. The total hardness of water
during winters was found to be quite high in the present
study. Moina micrura was the dominant species during
the early summer season. Similar peaks in the density
of Moina micrura have been observed from other Indian
studies also (Murugan 1989).
In the present study Diaptomus and Cyclops alternate
in being the major part of the copepod community. Also,
large amount of detritus was available during the rainy
season when Diaptomus sp. was the dominant copepod.
Cyclops species was dominant during the post-rainy,
winter and summer season. They seem to be adapted to
high fluctuations in environmental conditions like the
quality and quantity of food and low dissolved oxygen
levels (Rao, 1994).
The rotifers were present in low densities during the
entire wet phase in this study. Members of the family
Brachionidae were dominant during the rainy season.
The temperature and ionic concentrations determine
suitable habitats for Brachionus species. Its influence
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may be indirect, intensifying or delay in development
and cooperating to other biotic and abiotic factors (Pejler,
1977).
The seasonal succession among zooplankton species
has also been related with a difference in their temperature
adaptation and the nature of the available food which
influences their growth and reproduction (Vijverberg.
1976). The Zooplanktons prefer green algae over blue
green filamentous algae (Lampert 1982). Size selective
predation by a variety of vertebrate and invertebrate
predators also plays an important role in the organization
and dynamics of Zooplankton communities. However,
these aspects were not the subject of the present study.

Conclusions
The importance of the zooplankton is well recognized as
these have vital part in food chain and play a key role in
cycling of organic matter in the aquatic ecosystem. The
present study on Shatiya wetland exhibits rich density and
diversified zooplankton particularly rotifers reveals that
this wetland is very much suitable for aquaculture as rotifers
are known to be the best food for the fish larvae. This study
revealed that the rotifers were found to predominant group
which are the indicators of eutrophication. Therefore,
measures must be taken to minimize the water pollution
by regulating human activities in watershed areas.
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ABSTRACT
Murraya koenigii (Curry tree) is a common culinary plant, its leaves are used from ancient
times as a spice or merely as garnishing or seasoning and they not only enhance the flavor but
also increase the nutritional value of food. Besides being a valuable ingredient curry plant has
high medicinal value, it is being used since ancient times to treat various diseases, heal wounds,
and also has cosmetic uses. This review highlights the morphological and taxonomical status of
the curry plant along with its phytochemicals, pharmacological activity, medical importance,
and ethnobotanical uses.
Keywords: Murraya koenigii, Curry leaf, Ethnobotanical, Phytochemicals, Pharmacological.

INTRODUCTION
India is a habitat for more than 50000 plants species among
which most of them are used traditionally in herbalism,
some medicinal plants are used directly to cure diseases
or heal wounds, while some are included in our daily
consumption to provide essential nutrients, in another
way these plants with medicinal values are essential for
us. India is having an extensive pool of natural resources
and a prosperous record of traditional medicines; here the
maximum population is still dependent on plant-based
medicines for their primary medical treatment. The use of
medicinal plants is not only cost-efficient but also has no or
least side effects. One such plant is Murraya koenigii also
known as Curry/Kari/Kadi Patta or Mitha Neem; it is well
recognized in India and other neighboring countries. The
curry plant is native to South Asia (India and Sri Lanka)
and belongs to the citrus family Rutaceae. The leaves of the

curry plant are being used for a long time to enhance flavor
in food and is a very common ingredient in south Indian
dishes. The therapeutic properties of the curry plant are
well listed in different medicinal systems accomplished in
India like Ayurveda, Naturopathy, Unani and local health
care traditions; they utilize different parts of curry plant
like leaves, roots, flowers, etc. to cure various healthrelated problems (Pandey et al., 2013). The curry plant is
rich in Vitamins like A, B, C and E. Curry leaves are rich in
iron and folic acid which helps to beat anemia (Modak et
al., 2007). The phytochemicals constituents found in curry
leaves may be helpful in fighting cancer, exhibits good
liver health properties and neuroprotective properties,
fight against oral health problems, stomach problems,
heart-related problems, and many more (Handral et al.,
2012). It is called by different names such as Karepaku
(Andhra Pradesh), Kartaphulli (Bengal), Mitha Neem
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(Himachal Pradesh), Kathnim, Curry/Kari Patta (Hindi),
Karibevu (Karnataka), Kariveppilei (Kerala), Karivempu
(Tamilnadu), Narasingha (Assam), Gandhela, Gandla, Gani
(Uttarakhand), Bhursanga (Orissa), Mahanimb (Sanskrit),
Gorenimb (Gujrat), Curry Leaf (English), Pindosine
(Burmese), Karrry bald (Danish), Kerriebladeren (Dutch),
Feuilles de cury (French), Curryblatter (German), Daunkari
(Indonesian), Fogli de Car (Italian), Hoja (Spanish) (Mittal
et al., 2017).

MORPHOLOGY
Plant

Murraya koenigii is a small semi-deciduous, spreading
shrub or tree with a woody stem. It is dark green to brown
in colour with various dots on it. The plant is 4–8.7 meters
tall and 15-40 cm in diameter. It has a grey color bark and
beneath its white bark is present and also it has longitudinal
striations on it (Fig 1; Singh et al., 2014).

Tree

Leaves
Curry leaves has a lemony aroma with a shiny and
smooth texture. The curry leaves are compound, pinnate,
exstipulate having reticulate venation and having ovatelanceolate with an oblique base, with small 11-21 leaflets,
each leaflet is 2-4 cm long and 1-2 cm broad. Leaflets are
short-stalked, alternate having 0.5 cm long petiole (Parmar
and Kaushal, 1982).

Flowers
The plant has small self-pollinating white color funnelshaped flowers on it with a sweet aroma. The flowers are in
cluster form with 1.12 cm diameter. The flowers of curry
plant are bisexual, regular, stalked, complete, ebracteate,
hypogynous, actinomorphic and pentamerous. Each
cluster bears approximately 60 to 90 flowers, 5 lobed calyx
with 5 petals of 5 mm length, stamen from size 4-6 mm
and 10 in number, dorsifixed, arranged into circles of 5
each. The gynoecium (female reproductive organ) is found
5 to 6 mm (Parmar and Kaushal, 1982).
The fruits of curry plant are generally found in cluster
form and can vary from 32 to 80 in number. The size of
the fruit is small, ovoid to subglobose and can be wrinkled
or rough with glands. The diameter of the fruit is 1 cm to
2 cm and length is approximately 1.4 cm to 1.6 cm and it
gets black or red in color when ripen (Parmar and Kaushal,
1982).
Seed: The seeds are of green color, with length of 11
mm and diameter of 8 mm (Parmar and Kaushal, 1982).

Distribution
The curry plant is native to South Asia and is commonly
found in India, Sri Lanka, Myanmar, Indonesia, Hainan

Flower

Leaf
Figure 1: Morphology of Murraya koenigii plant

and in some moist forests of China, Vietnam, Nepal, Laos,
Bhutan, Pakistan, and Thailand. In India, it is distributed
throughout the land but one can easily find this plant
in Sikkim, Garhwal, Bengal, Assam, Western Ghats
and Andaman Islands. This tree can grow in areas with
abundant sunlight or even limited shade (Kumar et al.,
2013).
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ETHNOBOTANICAL USES
Almost every part of the curry plant such as the leaf, bark,
flower, seed, fruit and root contains constituents that are
the reason behind the transition of numerous biological
processes and is being used directly or indirectly to fulfill
medical and other day to day needs.
Some traditional uses of different parts of curry plant
are listed below.
1. Leaves: The fresh or dried leaves of curry plant
are used directly for flavoring or seasoning. The
curry leaves contain folic acid, iron, calcium,
Vitamin A, B, and C and thus can be used as a
natural supplement and can fight against anemia
and calcium deficiency. The leaves can be eaten
raw for curing dysentery, vomiting and nausea. In
the case of indigestion, the curry leaves can be
grounded into a fine paste and consumed along
with buttermilk. The paste of curry leaves can
be applied directly into the skin to fight against
any kind of infection like boils, pimples and can
also heal wounds. Curry leaves are also good for
fighting against hair-related problems like greying

of hairs, dandruff and hair fall (Nishan and
Subramanian, 2015). Women have been applying
curry leaves directly or indirectly for decades to
deal with hair and skin-related problems (Singh
et al., 2014). The tea made from leaves has also
proven to lose weight and enhance memory. The
fresh juice of curry leaves can even prevent the
continuation of cataract (Kaur et al., 2017). They
are also known to work against nephrotoxicity
(Mahipal and Pawar, 2017).
2. Roots: The roots can be used in the treatment
of poisonous animal bite. It cures kidney
pain Leukoderma, Blood disorders, reduces
inflammation and itching, and is used as a cooling
agent (Abheysinghe et al., 2017).
3. Bark: The bark of the curry plant is used as a hair
tonic, stomachic and carminative (Gahlawal et al.,
2014).
4. Stem: The stem is used as a mouth and teeth
cleanser (Goel et al., 2020).
5. Fruit: The fruit can be used as an astringent
(Mandal et al., 2019).

PHYTOCHEMICALS

Figure 2: Major constituents in curry plant
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The chemical substances produced by plants, which
has a definite physiological action on the human body
and protect against diseases are phytochemicals. The
most common phytochemicals found in curry leaves are
alkaloids, flavonoids, glycosides, tannins, sterols and
phenolic compounds.
The presence of phytochemicals was observed after
performing the following test. The alkaloids were confirmed
through Mayer’s test by using an alkaloidal precipitating
reagent (Mayer’s reagent). To indicate the presence
of proteins Millon’s test, Biuret/Piotrowski’s test and
Ninhydrin test were performed. When the hydro-alcoholic
extract and chloroform along with the few drops of acetic
anhydride and concentrated sulphuric acid was shaken,
there was a formation of blue to a red color indicating the
existence of triterpenes (Fig. 2). When a few drops of 5%
lead acetate solution were mixed with alcoholic extracts
of curry roots, a white precipitate formed, indicating the
presence of phenolic chemicals. The appearance of yellow
color in filter paper when dipped in ammoniated alcohol
and aqueous extract confirms the existence of flavonoids
in curry plant. The extract when shaken along with sodium
bicarbonate showed honeycomb-like frothing confirming
Saponins (Mittal et al., 2017).
The leaves of M. koenigii contain chemical compounds
like glycosides, resin, girinimbin, koenine, koenigine,
oxalic acid, carbazole alkaloids, koenidine, koenimbine,
iso-mahanimbin, Mahanimbicine, bicyclomahanimbicine,
phebalosin, coumarine, triterpenoid alkaloids like
cyclomahanimbin
and
tetrahydromahanmbine,
Murrayastine,
murrayaline,
pypayafolinecarbazole
alkaloids and many more (Gupta, 2018; Rajvanshi and
Mittal, 2018). In an Experiment, three different extracts
of leaf were taken using solvents Methanol, aqueous and
Ethanol 25 ml each dissolved in 1 gram curry leaf and
the following phytochemical screening was observed
(Rajvanshi and Mittal, 2018) (Table 1).
Table 1: Phytochemical Profiling of leaf extracts
Steroids
Alkaloids
Glycosides
Terpenoid
Phenols
Quinone
Cardiac
glycosides
Tannins

Aqueous
+
+
+
+
+
+
-

Methonol
+
+
+
+
+

Ethanol
+
+
+
+
+
+

+

+

+

(+ Present, - Absent)

The dried roots were powdered and extracted with
ethanol, chloroform, petroleum ether and ethyl acetate
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in a sequence. The phytochemical screening was done
which indicated the presence of different constituents
like carbohydrates (in all extracts except chloroform),
alkaloids (in chloroform extract), amino acid (ethanol),
sterols and flavonoids (ethyl acetate and ethanol) (Vats et
al., 2011) (Table 2).
Table 2: Phytochemical Screening of extract of the root
Ethanol Chloroform
Carbohydrates +
Flavonoids
+
Amino acids
+
Alkaloids
Sterols
+
(+Present, - Absent)

+
-

Petroleum
Ether
+
+

Ethyl
Acetate
+
+
+

The chemical components found in the bark
and stem of the curry plant are carboxylic acid,
carbazole alkaloids, glycolipids, coumarin galactoside,
Phospholipids, etc. The Bark mainly contains carbazole
alkaloids asmurrayazolidine, koenioline murrayazoline,
murrayacine, mahanimbine, girinimbine and xynthyletin.
The pulp in fruit contains a high amount of proteins and
a very small amount of minerals, phosphorus, potassium,
calcium, magnesium and iron. The fruit also has a total
sugar content of 9.76%, reducing sugar (9.58%), nonreducing sugar (0.17%), moisture (64.9%), vitamin C
(13.35%) and a small amount of tannin and acids. Minerals
such as 1.97 percent phosphorus, 0.082 percent potassium,
0.811 percent calcium, 0.166 percent magnesium, and
0.007 percent iron can be found in the pulp of fruits. The
stem of curry plant has alkaloids possessing antimicrobial
activity (Gupta, 2018). Curry plant seeds contain 4.4
percent total lipid (85.4 percent neutral lipids, 5.1 percent
glycolipids, and 9.5 percent phospholipids), 73.9 percent
triacylglycerol, 10.2 percent free fatty acids, and trace
amounts of diacylglycerols, monoacylglycerols, and
sterols, as well as trace amounts of diacylglycerols,
monoacylglycerols, and sterols. The seeds also contain
phospholipids, furocoumarin lactone, carbazole alkaloids,
glycolipids, and terpinene. In the plant extract, alkaloid
mahanineare is the major bioactive component as compared
to the other chemical constituents. The alkaloids are best
known for their pharmacological activities as antioxidant,
anti-inflammatory, antitumor, antiviral, antidiarrheal and
diuretic (Handral et al., 2012).

PHARMACOLOGICAL ACTIVITY

Researchers have discovered a variety of pharmacological
activities in Murraya koenigii, with the cause being the
presence of several phytochemicals in the plant in varied
compositions (Fig. 3; Sharma et al., 2016; Rautela et
al., 2018).
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Figure 3: Major Pharmacological activity of curry plant

1. Anti-Oxidant: Increases the glutathione
content in the liver and lowers the hepatic
malondialdehyde (MDA) level.
2. Anti-Microbial: Exhibit Topoisomerase I and II
inhibition activity.
3. Anti-Diabetic: Act on paraoxonase 1 (PON1)
activity.
4. Anti-Ulcer: Effect against lesion index.
5. Anti-Cancer: Arrest cell proliferation
inhibiting proteasome function.

by

6. Anti-inflammatory: Cox-Inhibitory property
7. Cardio protective activity: The flavonoids and
phenols in the curry plant help to remove free
radicals and lipid peroxidation and also decrease
triglyceride levels.
8. Anti-fungal: Inhibit lipid and sterol synthesis in
fungus and Inhibit lipase synthesis.
Also curry plant also shows Pharmacological
activities like Neuroprotective activity by decreasing
Glycemic Levels, reno-protective activity against
unilateral renal ischemia (Anti-Nephrotoxicity), it shows
reduction in gastrointestinal motility (Anti-Diarrheal
Activity), it shows a very good effect against lesion index
(Anti-Ulcer Activity), inhibit cavity formation in teeth, it

stimulates digestive enzymes, Decreases total cholesterol,
work as Anti Pyretic by reducing fever, increases
Glutathione leading to reduction in induced chromosomal
damages(Radioprotective and chemoprotective activity),
work as memory enhancer, shows wound healing effect by
acting against inflammatory Cells, has phagocytic activity,
Insecticidal activity, Hypocholesterolemic activity,
Antihelmintic activity, Analgesic and antinociceptive
activity, Antiamnesic activity, Vasodilating activity, being
rich in vitamin A it has eyesight improving property,
act against trichomonas gallinae (Anti-Trichomonas)
(Rajvanshi and Mittal, 2018; Jain et al., 2012; Jayaprakash
and Ebenezer, 2012; Ahmad, 1999; Selamoglu, 2017)
(Table 3).
Table 3: Various Pharmacological activities shown by
different parts of the curry plant
S.
No.

Pharmacological Activity

Plant Part

1.

Anti-inflammatory

leaf

2.

Hypocholesterole mic

leaf

3.

Anti-amnesic

leaf

4.

Memory enhancer

leaf

5.

Anti-helminthic

leaf

6.

Anti-bacterial

Bark, leaf

7.

Anti-cancer

Stem, bark
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8.

Anti-diabetic

Whole plant

9.

Anti-fungal

leaf

10.

Antidiarrhoeal

Seeds

11.

Radioprotective, chemoprotective

leaf

12.

Analgesic, Antinociceptive

leaf

13.

Antioxidant

leaf

14.

Cardiovascular

leaf

15.

Skin pigmenting

leaf

16.

Anti-lipid peroxidative

leaf

17.

Anti-tumor

leaf

18.

Anti-ulcer

leaf

19.

Cytotoxicity

Roots, stems

20.

Wound healing activity

leaf

21.

Phagocytic activity

leaf

22.

Anti- Alzheimer’s activity

leaf, Fruit, Stem

23.

Effect on dental caries

leaf, root, Stem

24.

Anti-trichomonal

leaf

25.

Anti-pyretic

leaf

26.

Anti-Amnesic

leaf, Stem

CONCLUSION
Medicinal plants are cheaper and easily available around
the planet. Therefore, we need to increase the commercial
use of medicinal plants as a good source of the drug.
Murraya koenigii is an easily available multifunctional
plant with a good potential to cure many common diseases
and deal with daily life problems. Therefore, we must
generate our interest in research on this plant for new drug
discovery. It is necessary to utilize its maximum potential
in pharmaceutical sciences for a better application in the
future.
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ABSTRACT
Physicochemical characteristics of two ponds at Chapra district were studied. The investigation
was focused on the determination of water quality parameters such as temperature, pH, DO,
alkalinity, nitrite, nitrate and other factors showing that the water quality of these ponds comply
with suitability of growth of some fishes.
Keywords: Abiotic, biotic, interaction, pond ecology

Introduction
An ecosystem has two major components as abiotic and
biotic which are interdependent. The chief abiotic factors
are light, temperature pH, DO and basic inorganic and
organic compounds. The biotic factors comprise flora
and fauna along with aquatic microbes. Since, both these
components mutually influence and interact with each
other; a thorough understanding of an ecosystem is not
possible without analyzing these factors.
In India, several studies have been made to understand
the physicochemical properties of lakes, reservoirs and
ponds (Jain et al, 1996; Mohanraj et al, 2000; Sah et al,
2000). However, much information is needed especially
with reference to specific water bodies of small dimensions.
George (1961, 1962) has studied the physicochemical
characteristics of shallow ponds at Delhi. Studies of fish
ponds at Seoni, Madhya Pradesh, have been made by
Verma (1967), whereas Khatri (1985) has investigated
Idduki reservoirs, Kerala.
In the present investigation an attempt has been made
to assess the variation in physico-chemical parameters of
two ponds at Chapra district of Bihar.

Materials and Methods
Two ponds as Old pond (Pond-1) and New pond (Pond2) were selected in the present study. Both the ponds are
perennial having an area of about 0.5 Acre (Pond-1) and
0.85 Acre (Pond-2), receive rain water and are not used for

general purposes. Monthly collections of water samples
were made between 9.0 A.M. and 11.0 A.M. during the
period from July 2018 to January 2019.
Detailed ecological observations were made on these
ponds from the time of accumulation of rain water i.e.,
from July to the period till the fishes were taken out from
the ponds. The physicochemical analysis of the water
samples was done as per standard procedures given by
APHA (1998).

RESULTS
The physicochemical parameters and their monthly
fluctuations are presented in Tables 1 and 2.
Temperature alters the rate of metabolic processes. It
has a considerable effect on the growth of fishes and is a
key factor in controlling planktonic species. In the present
study the temperature showed a fluctuation (Table 1 and
Table 2).
In the present study, turbidity caused in post
monsoon season was mostly due to more plankton
production. Transparency values in both the ponds
showed major fluctuations (14.8 cm to29.9 cm). In the
present investigation, low dissolved oxygen was mostly
observed in July, December and January, and there was
no significant correlation between dissolved oxygen and
growth rate of major carps except Pond-1 which showed a
negative correlation.
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The pH is one of the most important factors that serve
as an index for pollution. The pH of both the ponds ranged
from 6.9 to 8.10 in all the seasons.
In the present study, free CO2 concentration at many
occasions was recorded high (above 8.0mg/L). This study
showed total alkalinity as 128.0-223.0mg/L in Pond-1
and 32-117 mg/L in Pond-2, which affects fish growth
positively. A positive correlation was found between

total alkalinity and growth of the major carps, but it was
significant only with some species in Pond-2.
In this study, the chloride ranged between 12.9 to 18.1
ppm in both the ponds. In present investigation nitrate
nitrogen could not be studied. As high was the nitrogen, in
the pond water, the greater the quantity of contamination
or sewage pollution. Nitrate nitrogen usually occurs in
relatively small concentration in unpolluted fresh water.

Table 1: Physicochemical analysis of pond 1
Parameters

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Air Temp(0C)

31.2

30

31.42

29.2

25.7

24.2

20.8

Water Temp (0C)

29.6

29.8

30

28

24

22

19

Transparency (cm)

16

21

18

13.62

12.15

19.80

21

PH units

8

7.45

7.35

8.10

7.70

7.61

7.40

DO

3

7.40

6.60

7.64

6.50

3.60

3.90

Free CO2

8.80

8.00

-

-

-

9.40

-

Carbonate

-

-

2.00

6.45

7.70

1.90

-

Bicarbonate

124

138

125

162

125

152

220

Alkalinity

128

139

127

169

130

154

223

Chloride

22

27

36.50

52

38.20

29

38

Cond (µmhos/cm)

148

154

390

502

412

352

466

Nitrite

.031

.019

.022

.042

.032

.066

-

Nitrate

0.52

0.12

0.10

0.60

0.29

0.60

-

Phosphate

-

.112

-

.40

.160

.60

.10

Calcium

36

30

24

23

30

32

38

Table 2: Physicochemical analysis of pond 2
Parameters

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Air Temp(0C)

26.5

28

29

27

26

27

28

Water Temp (0C)

25

26.5

27

25.5

24.5

25

26

Transparency (cm)

4.9

6.2

5.1

3.4

3.9

5.9

6.2

PH units

7.1

6.4

7.4

7.2

7.7

7.9

7.5

DO

6.8

11.7

8.2

6.3

4.9

5.8

6.1

Free CO2

87.4

152.3

108.7

80

63

67

72

Carbonate

7

-

3

5

4

4.2

4.5

Bicarbonate

18

57

54

61

23

4.8

4.2

Alkalinity

100

102

114

117

82

62

32

Chloride

-

0.03

0.08

0.05

0.07

0.08

0.09

Cond (µmhos/cm)

0.100

0.230

0.200

0.275

174

178

152

Nitrite

Trace

0.470

0.201

0.272

0.059

0.61

0.09

Nitrate

17.2

-

-

-

-

0.269

0.10

Phosphate

-

-

-

-

0.65

0.45

0.35

Calcium

-

-

-

-

14.9

15.8

18.2

Studies on Physicochemical Status of Two Ponds in Chapra District

In the present study, in both ponds the phosphate
content was quite high, ranging from traces to 0.65 mg/L
(Pond-2) and from 0.10-0.16 mg/L (Pond-1), which
shows a good production and fish growth. In the present
investigation, Pond No. 1 may be regarded as ‘rich’ in its
calcium content (25.0-46.5ppm) while Pond No. 2 may
be regarded as ‘medium’ in its calcium content (12.5-18.3
ppm).

Discussions
An understanding of the Physical and chemical
characteristics is essential for all living processes
depending on these factors in aquatic environments. In
the Indian context, Ponds occupy the first place among
the freshwater studies. Information on the physical,
chemical and biological factors are inter dependent, is
not fully understood in Indian ponds which warrants
further investigations of these features so as to achieve
full understanding of the subject and considering this, the
present study was carried out. In India where considerable
limnological diversity exists, it is surprising that the ponds
and lakes of northern India have not been described. There
is scarcity of studies about growth pattern on tropical
ponds (Basavrajappa et al, 2014). The fish production
from these waters could considerably be increased if their
hydro-biological conditions are better understood.
The temperature affects plankton population in
Freshwater ecosystem and water temperature values must
be follow seasonal, spatial and temporal variation within
ponds age and water depth is well appreciated in this study
and such variation has also been reported by Devidas et
al (2006), Ranjan et al (2007) and others. Collins (1970)
has observed that catfish production is poor when water
temperature is below 20°C. Khan (1972) showed a positive
correlation between temperature and fish growth rate at
5% level.
In the present investigation a negative correlation
was observed, which was significant in Pond-1. In both
the ponds the water temperature at the surface followed
more or less similar to that of the air and the amplitude
was only a degree or two less. Basavrajappa et al (2014)
has reported about result in a pond in kerala with marked
seasonal variations in temperature during the study
period. The seasonal temperature difference is influenced
considerably by meteorological factors, such as air
temperature, humidity, wind and solar radiation. In rainy
season there is a considerable fall in temperature which is
due to reduced solar radiation, low air temperature and fast
wind action.
This study also indicated an inverse relationship
between phytoplankton and transparency in both the
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pond which is also consistent with the finding of Mishra
and Saxena (1998). The transparency range showed that
water bodies remain moderately turbid. Turbidity due
to profusion of plankton is an induction of ponds high
fertility, but caused by silt or mud beyond limit, is harmful
to fish food organisms (Jhingran, 1982).
The oxygen content of the water bodies is one of the
important parameters in the assessment of water quality,
and its presence is essential in aquatic ecosystems to keep
organisms in balance. It also affects the solubility and
availability of many nutrients and controls the productivity
of ecosystems. The decrease in DO and its relationship
with fish growth may be due to its utilization in the
decomposition of organic matter as shown by Doudoroff
& Shumway (1970) and Hannan (1979).
The change in pH may be due to high phytoplankton
productivity as also reported by Gonzalez et al (2004).
Valladolid et al. (1954) observed that among the physicochemical factors, a pH between 7.3 and 8.4 is suitable for
growth of fishes. In the present investigation, a positive
correlation of water pH with growth rate of fishes was
recorded in both the ponds but correlation values were
significant in Pond-1.
Chow (1958) opined that free CO2 ranging from 3.0
to 4.0 mg/L affects the fish breath with difficulty and the
fishes die if exposed to 30.0 mg/L. Similar views have also
been given by Devi (1993), Kumar et al (1996) and Mishra
et al (1999).
Total alkalinity of waters affects the growth of fishes
and other organisms profoundly. Such reports have also
been given by Michael (1969) and Khan (1972).
The chloride range is more and with major variation in
pond 1 rather than pond 1. It is therefore logical to say that
these ponds receive anthropogenic contamination in small
quantity. Singh (1999) studied the seasonal variations in
the chloride content of several tropical fresh water bodies
and reported a decrease in chloride contents in monsoon
season.
According to Mishra and Saxena (1993) the most
concentrated source of nitrate are domestic and industrial
waste waters. Rainfall is supposed to be responsible for
increasing the nitrate in water as Basheer et al (1991)
reported that concentration increment during monsoon
months in pond is cause of nitrogen intake from drainage
and surface run off. In the present study, no such relationship
could be observed.
Arvind and Singh (1998) reported that in most of the
seasonal ponds nitrate nitrogen had its minimum or lower
values in July. In most of the ponds, they found maximum
nitrate-nitrogen in October when the volume of the water
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is reduced or concentrated.
Phosphate is one of the major nutrients responsible
for biological productivity. Like phosphate, nitrite is
also important nutrient in aquatic ecosystem. A positive
correlation was recorded, which was significant in Pond2. On the other hand no significant correlation was found
between nitrate content of the water and fish growth.
The content of calcium ions is important variable in
fresh water and also one on which can be based a division
with which faunistic differences correspond (Ahmad and
Sarkar, 1998). For many years calcium was not thought to
be of absolute requirement for algae, but it is now certain
that, where it is required, the amount is small (Alam et al,
1989). The calcium ion undoubtedly plays a part in the
maintenance of cytoplasmic membrane.

Conclusions
The fish growth showed negative relation to Temperature,
however, positively co-related to pH, alkalinity, specific
conductivity, calcium, phosphate, nitrite and nitrate
content in both the ponds. There is also non-significant
relation with carbon dioxide. A negative correlation was
found between temperature and fish growth.
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ABSTRACT
The freshwater catfish, Clarias batrachus was exposed to the Diazinon as an organophosphate
herbicide to determine the acute toxicity values for different time periods. The LC50 values
obtained in static method were 6.622, 6.546, 6.05 and 5.798 mg/L and in continuous flowthrough system the LC50 values were 5.759, 5.374, 5.249 and 5.191 mg/L respectively for 24,
48, 72 and 96 h. The fishes were thereafter exposed to sub-lethal and lethal concentrations of
toxicant to study the changes in glycogen and protein content of the vital organs. The behavioral
and morphological changes observed during the study period.
Keywords: LC50; Diazinone; Behavior; Morphology; Catfishes

Introduction
Bihar is facing mounting pressure on water resources
because there is growing demand of water due to
population explosion and increasing pollution. Freshwater
bodies such as rivers, lakes and ponds have actually
become the disposal sites of domestic and industrial
wastes. Fish is a rich source of proteins which is good
for human health. The toxic substances are accumulated
in these polluted water bodies, consequence of which is
gross pollution of water. In contaminated water, fish may
exhibit morphological changes and behavioral responses
which can be used as biomarkers of contamination.
The response to stress is an adaptive mechanism that
allows the fishes to cope with stressors in order to maintain
its natural homeostasis or detrimental for freshwater
fishes. The effect of environmental stressors has been
grouped as primary, secondary and tertiary responses in
which primary one involves the initial neuro-endocrine
disturbances includes the release of catecholamine from
chromafin tissue (Reid, 1998) and stimulation of the
hypothalamic-pituitary inter-renal (HPI) axis causing
release of corticosteroid hormone into the circulation
(Mommsen et al, 1999). The secondary response include
changes in plasma and tissue ion at metabolic level, blood

chemistry structure of protein, acid-base and hydromineral balance and immune function with cell level
responses (Iwama et al, 1997). The tertiary response
refers to changes in growth condition, overall resistance
to disease, metabolic efficiency for activity and behavior
about survival of fishes. This grouping is simple, however,
depending on magnitude and organization from molecular
and biochemical to population and community level
(Adams, 1990).
Behaviour allows an organism to adjust to external
and internal stimuli in order to meet the challenges
of surviving in the changing environment whereas
morphological changes are external changes caused due
to changed environment. The use of these abnormalities
in fish as biomarkers has become more prevalent in recent
years. These biomarkers can provide suitable indication
about the environmental condition. The morphological and
behavioral changes are the most straightforward methods
to study the effects of contaminants on fish in aquatic
ecosystem. The changes act as diagnostic endpoints in
screening the effect of polluted water on fishes.
The Diazinone is a widely applied pesticide used in the
post-harvest treatment of crops. It acts as a plant growth
regulator in smaller quantities (RED Facts, 1993) with its
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annual global use exceeded in last decades (Reuters, 2011).
Diazinon is classified as a Toxicity Category II (moderately
toxic) pesticide by United States Environmental Protection
Agency (USEPA). Commercial Diazinon formulations are
more toxic than technical Diazinon (Peixito, 2005).
Herbicides reach the surface water through drainage
or leach from treated plants and soil and cause biological
impairment effecting fish and other aquatic organisms.
Hence, the present study was undertaken to know the toxic
effect of Diazinone on the behavioral and morphological
changes in freshwater catfish, Clarias batrachus.

Materials and Methods

The catfish Clarias batrachus with a size range of 6-8
±1/2cm of both sexes were brought from local fish
market in Chapra town and acclimatized to laboratory
conditions for one week. The experimental fishes were fed
with Groundnut cake and rice bran during the period of
acclimatization. In any batch during acclimatization, if 5%
mortality is observed the total batch was discarded. All the
precautions laid down by APHA (1998) were followed. The
water quality maintained for experiment had temperature
28 ± 200C, pH as 8.2, dissolved oxygen (mg/L) as 8-10 and
320 as total hardness.
The Pilot experiments were conducted with 1 litre
capacity glass chambers, to choose the concentrations
at which the fish are killed. For continuous flow through
system, reservoirs of 90 liters capacity were used. The
test water was let into test containers at a rate of 4 liters/
hour using polyethylene drip nets with regulators and for
every 12 h fresh test solutions were prepared in reservoirs.
Experiments were conducted to determine the toxicity
of Diazinone in various concentrations within static and
continuous flow through systems. The data on the mortality
rate of fish was recorded. The dead fish were removed
immediately. The toxic tests were conducted to choose the
mortality range from 10% to 90% for 24, 48, 72 and 96 h
in static and continuous flow through systems.
Finney’s probit analysis (Finney, 1971) as recorded by
Roberts and Boyce (1972) was followed to calculate the
LC50 values. For the determination of the 95% confidence
limits, LC50 values and a normal variant of 1.96 were taken
into consideration. After the determination of LC50, the
fish were exposed to sub lethal concentration (1/10th of 96
h LC50) of Diazinone for four exposure periods i.e., 24, 48,
96 h and 8 days.
For behavioral responses and morphological changes,
fishes were exposed to normal water (control) and three
sublethal concentrations (6.12%, 12.24% and 24.48%)
effluent (treated) for 24h, 48h, 72h and 96h of. Fishes
were not fed during the experiment and experiments were
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replicated thrice.

RESULTS
The LC50 values and 95 % Confidence limits of Diazinon
for 24, 48, 72 and 96 h to Clarias batrachus in static and
continuous flow through systems were given in Table 1
and 2.
Table 1: LC50 values for exposure period for Diazinon to the
Clarias batrachus fish
Sl No

Exposure period
(hours)

Static
(mg/l)

CFM
(mg/l)

1

24

6.622

5.759

2

48

6.546

5.374

3

72

6.050

5.249

4

96

5.798

5.191

Table 2: 95 % Confidence limits of Diazinon exposed catfish
in exposure periods.
Sl
No

Exposure
time (hours)

Static method

CFM

Lower

Upper

Lower

Upper

1

24

33.71

86.29

18.47

77.53

2

48

24.55

87.65

24.55

87.45

3

72

26.14

81.86

13.99

85.99

4

96

16.29

75.71

16.29

75.71

In general, catfish is sensitive towards the test toxicant.
These findings are in agreement with Cericato et al (2008)
on Rhambdia quelen; Modesto and Martinez (2010) on
Prochilodus lineatus. The toxicity may be influenced by
exposure conditions, formulation, source and size of fish
and water quality. Nwani et al (2014) reported the LC50
value of Primextra on African catfish Clarias gariepinus
for 96 h as 4.70mg/L as lethal concentration whereas
Kavitha and Binukumari (2014) found the LC50 value for
96 h as 0.18.
The continuous flow-through system LC50 values
are low when compared to the static values. This is due
to the constant maintenance of concentration in flowthrough system and fluctuations in static system due to
bioaccumulation, pesticide absorption to toxicant chamber
walls and degradation of toxic effect of the compound.
The behavioral responses in fishes of both the
control and treated groups were noted for all the time
intervals. The fishes showed marked behavioral responses
and morphological changes when exposed to various
concentrations (Table-3).
Table 3: Behavioral response of different Diazinon
exposure on Clarias batrachus (L=Less; M=More; F=Fast;
N=Normal; S=Slow; P=Present; A=Abscent; C=Control;
C1=6.12%; C2=12.24%; C3=24.48%)
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24 h

Erratic swimming
Air at surface
Operculam movemt
Loss of balance
Hitting against wall
Restlessness
Sluggishness
Fish lied at surface

48 h

72 h

96 h

C

C1

C2

C3

C

C1

C2

C3

C

C1

C2

C3

C

C1

C2

C3

A
A
N
A
A
A
A
A

L
L
F
A
A
A
A
A

M
M
F
A
P
P
A
A

M
M
F
A
P
P
A
A

A
A
N
A
A
A
A
A

L
L
N
A
A
A
A
A

M
M
S
A
A
A
A
A

M
M
S
A
P
P
A
A

A
A
N
A
A
A
A
A

L
L
N
A
A
A
A
A

M
M
S
A
P
P
P
A

M
M
S
A
P
P
P
P

A
A
N
A
A
A
A
A

L
L
N
A
A
A
P
A

M
M
S
A
P
P
P
A

M
M
S
P
P
P
P
P

Table 4: Morphological changes of different Diazinon exposure on Clarias batrachus (L=Less; M=More; F=Fast; N=Normal;
S=Slow; P=Present; A=Abscent; C=Control; C1=6.12%; C2=12.24%; C3=24.48%)

24 h

Morphological changes

Loosening of scale
Redness in Eyes
Profuse mucous loss
Blooding from Gills
Belly balloning
Dark patches in abdomen

48 h

72 h

96 h

C

C1

C2

C3

C

C1

C2

C3

C

C1

C2

C3

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
A
A
A
A

A
A
P
A
A
P

A
P
P
P
A
P

A
P
P
P
PP

Behavioral Responses: The control fishes released in
well aerated water were found to be alert and responded
actively to slight disturbances. They behaved naturally by
showing movements in well coordinated manner. There
was no mortality in control.
The treated fishes showed erratic movements which
increased with increase in concentration of the effluent and
duration of exposure (24h, 48h, 72h and 96h). Gulping air
on the surface or jumping out of water was also observed
which was less in 6.12% as compared to 12.24% and
24.48% during all the observations (24h, 48h, 72h and
96h). Opercular movements in fishes were observed to
be fast in 6.12%, 12.24% and 24.48% after 24h of exposure.
After 48h, it was normal in 6.12% but slow in 12.24% and
24.48%. After 72h and 96h also, opercular movements
were normal in 6.12% but slower in 12.24% and 24.48%
concentrations. Loss of equilibrium was observed in
24.48% after 96h of exposure while it was absent in other
concentrations and durations. Fishes also hit against the
wall in 12.24% and 24.48% concentrations while it was
absent in 6.12% concentration. Fishes showed restlessness
in 12.24% and 24.48% concentration. Sluggishness was
observed in 12.24% and 24.48% concentrations after 72h
of exposure and in all concentrations after 96h of exposure.
Two fishes were seen lying on the water surface before
death in 24.48% after 72h and 96h of exposure.

C
A
A
A
A
A
A

C1
P
A
P
A
A
P

C2
P
P
P
P
A
P

C3
P
P
P
P
P
P

Morphological Changes: In the treated fish,
loosening of scales was observed in all concentrations
(6.12%, 12.24% and 24.48%) after 96h of exposure.
Redness in eyes of fishes was seen in 12.24% and 24.48%
concentrations after 72h and 96h of exposure. Profuse
mucous secretion was observed all over the body in all the
concentrations (6.12%, 12.24% and 24.48%) after 72h and
96h of exposure. Bleeding from gills of fishes was noted
in 12.24% and 24.48% after 72h and 96h of exposure.
Ballooning and belly upward of two fishes at surface of
water after death was observed in 24.48% after 72h and 96h
of exposure. Pigmented patches on the abdomen of fishes
were examined in all concentrations (6.12%, 12.24%and
24.48%) after 72h and 96h of exposure (Table 4).
After 96h of exposure, four fishes were left in 6.12%,
two in 12.24% and two in 24.48% concentrations. These
fishes were kept separately in well aerated normal water.
Fishes in 6.12% recovered to some extent after 20 days
and showed normal behavior although their morphological
changes persisted. Fishes of 12.24% and 24.48%
concentrations died within 20 days.

Discussions
Freshwater bodies such as rivers, lakes and ponds have
actually become the disposal sites of domestic and industrial
wastes. Fish is a rich source of proteins which is good
for human health. The toxic substances are accumulated
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in these polluted water bodies, consequence of which is
gross pollution of water. In contaminated water, fish may
exhibit morphological changes and behavioral responses
which can be used as biomarkers of contamination.
The effects of pesticides are generally displayed as
behavior responses and morphological changes that lead to
genetic changes in the tissues. Fish is extremely sensitive
in terms of behavior and any change in behavior of fishes
is related with the toxicity of effluent. Morphological
changes points towards stress and injuries caused by
effluent. Thus, these parameters are used to determine
toxicity caused by effluent.
Control fishes released in well aerated water were
found to be alert and respond actively to slight disturbances.
They behaved naturally by showing movements in well
coordinated manner. Treated fishes exposed to three sublethal concentrations (6.12%, 12.24% and 24.48%) of
Diazinon showed restlessness, erratic body movements,
gulping of air at surface or jumping out of water, opercular
movements, loss of equilibrium and hitting against the
wall. A few changes in the outer morphology were also
observed which included ballooning, loosening of scales,
red eyes, profuse mucous secretion, bleeding from gills and
pigmented patches on the abdomen. All these symptoms
increased with increase in concentration and duration of
exposure. Reversal of a few symptoms was seen at the
lowest concentration i.e. 6.12%.
Loss of equilibrium, erratic swimming and
restlessness are common behavioral responses in several
fishes exposed to a variety of toxicants as recorded in
Oreohromis niloticus and Clarias batrachus exposed to
cypermethrin (Yaji et al, 2011). Hitting against the wall
was noticed in Labeo rohita, Catla catla and Cirrhinus
mrigala exposed to fenvalerate (Susan and Sobha, 2010).
Restlessness, loss of equilibrium, hitting against the wall
and hyperactivity in fish may occur due to the inactivation
of acetylcholinesterase (AChE), leading to accumulation
of acetylcholine at synaptic junctions (Agrahari et al,
2006). Copious mucous secretion, increased opercular
movement and dark pigmentation of body parts were
observed in Clarias gariepinus treated with lindane
and diazinon (Pandey et al, 2009), in Clarias batrachus
exposed to carbaryl and malathion (Wasu et al, 2009), in
Heteropneustes fossilis exposed to dimethoate (Srivastava
et al, 2010). Profuse mucous secretion is considered to be
a defense mechanism to neutralize the effect of toxicant
and to avoid it. Bisht and Agarwal (2007) suggested
that mucous produced coagulates with the toxicant and
prevents its cutaneous entry into the body. Surfacing or
gulping of air might occur due to a demand of higher
oxygen level after exposure (Katja et al., 2005).
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The results of the present study clearly reveal that
higher concentration (24.48%) and longer exposure period
(96h) of Diazinon is highly toxic to the fish. The effect
of other two concentrations cannot be ignored. Prolonged
exposure to even lower concentrations induces behavioral
and morphological changes in fishes. These changes and
responses indicated stress in fishes which can further lead
to death and reduction in fish fauna. This type of study
helps to understand the effect of industrial effluents on
fishes so as to determine safe environmental concentration
where there is no stress and lethality to fishes.
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ABSTRACT
Cucumis sativus L. (Cucumber) is an important palatable member of the family Cucurbitaceae.
Cucumber not only used as one of the popular vegetables but also it has been a source of
conventional remedy since olden times. Since, Cucumber is rich in water content and low
in calories hence one of the most preferred diet in many countries. There are several claims
regarding its anti-diabetic impending, lipid lowering and antioxidant action. It has a purgative
nature hence good for removing metabolic waste and toxins. Its juice is also known to nurture
the skin with cooling effect. Cucumis sativus fruits are found useful in cases of thermoplegia
and hyperdipsia. The seeds also have a preserving effect on the skin, and they are used as
carminative. Numerous bioactive phytochemicals have been isolated from cucumber, viz.,
cucumegastigmanes I and II, cucurbitacins, cucumerin A and B, orienting, vitexin, etc.
Regardless of vast investigation on cucumber in horticulture, a relatively less information
available about its phytochemical profiling. This study has been done to get the phytochemical
profile of this plant using X-ray diffraction spectroscopy (XRD) and GC-MS analysis.
Keywords: Angiosperms, Cucurbitaceae, Cucumis sativus, Phytochemical, GC-MS analysis,
X-ray diffraction spectroscopy (XRD)

INTRODUCTION
Human and plants have mutualistic relationship since
ancient time and they are in natural balance with each
other for their existence (Borokini, 2012). Uses of plants
as medicines are as old as human civilization and they are
still worthwhile for remedial purposes; and an excellent
source for future formulations of therapeutic uses (Masum
et al., 2013). In the 21st century, allopathic medicines are
increasingly in demand, but the associated side effects
of these chemically created medicines are now a matter
of concern and that is why the focus of populace has
been shifted towards the herbal formulations in the last
few decades (Qureshi, 2007; Savithramma et al., 2011;
Alizadeh et al., 2018). Recently, Willis (2017) reported
that almost 30,000 plant species are already been used
for remedial purposes across the world. Furthermore,
traditional understanding of the medicinal plants has been

playing vital role to produce various important drugs of
modern day (Belayneh, 2014). Plants have been utilized
as a source of medicine by folk and tribal peoples for
decades to treat a variety of ailments (Uniyal, 2006). There
are studies that provide evidences that the traditional
knowledge was based on the practical experience of people
and which has been transferred from one generation to
another within the communities (Samar, 2015).
Based on the past knowledge and claims, many
efforts have been made to find and validate the potential
bioactive properties existing in several plants along
with the isolation and characterization to develop herbal
based strategies to prevent and control of a wide range
of diseases (Farombi and Owoeye, 2011).Among all
plant groups, the angiosperms are the major contributors
of bioactive compounds that are being used in the
development of remedies against many ailments that
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affect the human health. Various parts of plants produce
specific phytochemical which is given in define doses
and combinations to treat different diseases (Jima, 2018).
Usually these phytochemicals are the derivatives of plant’s
specific metabolism and provide recognition of that plant
as a remedy (Abifarin, 2019). The ranges of ailments
that can be cured by these phytochemicals include many
common diseases and few of the intricate diseases like
cancer and tumors (Debbarma et al., 2017).
It is also evident that the phytochemical profiles of
cooked, semi-cooked and fresh plants/plant parts show
variations. Hence the plants/plant parts which can be
consumed raw/fresh are more beneficial than cooked
or semi-cooked ones. In this context the member of the
family Cucurbitaceae have an advantage as most of the
members are usually eaten as fresh. Keeping this in view
this study has been done to get the phytochemicals profile
of C. sativus (leaves and seeds) using X-ray diffraction
spectroscopy (XRD) and GC-MS analysis to get its
remedial impending.

MATERIALS AND METHODS
Collection of Plants and parts:

Leaves, fruits and seeds of Cucumis sativus were taken for
this study. The leaves were collected fresh from field and
seeds were procured from Krishi Vigyan Kendra (KVK)
Banasthali Vidyapith. The plants parts and seeds were first
wash properly and kept in shade to dry subsequently were
kept in oven at 30-40℃ for 24h (Mandey, 2019). Dried
material was grounded with the help of automated grinder
to get the powdered material for further steps.

Solvent extraction:

The Soxhlet extraction method was used. 20g of powdered
form of plant parts and seeds were taken in filter paper
and extract with 250 ml of six different solvent separately
(Yadav, 2011; Abubakar, 2020). The extraction process
was continued for about 24h till the extractor of the soxhlet
become colorless (Kulczyński, 2020). The extracts were
then placed on petri plates and dried until all the solvent
had evaporated, after which the dried samples were stored
in the refrigerator till future use.

Qualitative Phytochemical analysis:

The qualitative analysis of phytochemicals was done using
various established procedures of qualitative analysis. The
extracts of C. sativus were examined for the presence of
bioactive chemicals accordingly.

Reagents:
Mayer’s reagent:

For Mayer’s reagent in Solvent A 0.355g of mercuric
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chloride was taken and dissolved in 60 ml of distilled
water. In Solvent B 5g of potassium iodide was taken and
dissolved in 20 ml of distilled water, both the solutions
A and B were mixed and total volume of 100 ml was
prepared by adding distilled water.

Wagner’s reagent:
For Wagner’s reagent 2g of iodine and 6g of potassium
iodide dissolved in 100 ml of distilled water.
Benedict’s reagent:
For Benedict’s reagent preparation, Solution A, 17.3g
of Sodium citrate and 10g of Sodium carbonate were
dissolved in 80 ml of distilled water and Solution B, 1.73g
of Copper sulphate pent hydrate (CuSO45H2O) was mixed
10 ml of distilled water.
Millions reagent:
In this 0.1g of mercury was dissolved in 9 ml of nitric acid
and incubated for 10-15 min and equal volume of distilled
water was added.

Alkaloids Test:
Mayer’s test: `

The presence of alkaloids in the crude samples was
confirmed by adding 2ml of Mayer’s reagent to the test
tube, the resultant white precipitate indicated the presence
of alkaloids.

Wagner’s test:
To check the presence of alkaloids in the plant sample, 5ml
of Wagner’s reagent was added to the test tube, resulting
red brown precipitate means confirmed presence of
alkaloids.

Protein Test:
Ninhydrin test:

In the crude extract, 2ml of 0.2% Ninhydrin solution mixed
and boiled properly.

Test of Carbohydrates:
Benedict’s test:

The crude extract was mixed with 2ml of Benedict’s
reagent properly and heated till boiling, the reddish-brown
precipitate was appeared which indicated the presence of
carbohydrates.

Test for fixed oil and fat:

This test was conducted by adding few drops of alcoholic
potassium hydroxide solution (KOH) in crude plant
sample then few drops of phenolphthalein were added and
boiled on water bath for 2h for formation of soap or partial
neutralization of alkali to confirm the presence of fixed oil
and fats.
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Test for Glycosides:
Liebermann’s test:

Gas Chromatography and Mass Spectroscopy (GCMS) Analysis:
The methanolic plant sample of Cucumis sativus
was analyzed using Thermo Scientific TSQ 8000 triple
quadrupole Gas Chromatography- MS (trace 1300 GC)
which was facilitated with TG 5 MS (30 m × 0.25mm,
0.25µm) column 217. Carrier gas was used as 99.999%
Helium gas at constant flow rate of 1 µl/min and a volume
of 1.0 µl (Muflihunna, 2021). The temperature was kept at
250C and ion source temperature was fixed at 230°C. Mass
range was kept between 50-500 m/z and run time was 2.48
min. The oven temperature was held at 50°C.

In this test, 0.5 ml of chloroform added to crude plant
sample, then 0.5 ml acetic acid was added in resulting the
violet to blue to green coloration showed the presence of
glycosides.

Test for Phenolic compounds and tannin:
Ferric chloride acid test:

In this test, the crude sample of plant was added to 5%
ferric chloride solution, the dark green color as appeared
which indicated the existence of phenolic compounds

X-Ray Diffraction Analysis:

Lead acetate test:
In this test in the crude extract of plant sample was mixed
with few drops of 10% lead acetate the white precipitate
confirmed the existence of tannins in the solution.

The plant sample (C. sativus) was used to identify the
presence of crystalline phase in the powdered form of leaf
and fruit using a technique known as X-ray diffraction
(XRD). A Soxhlet apparatus method was used for
extraction of plant sample after that syringe filtration for
the fine filtration of sample. The fine filtered sample was
shade dried and then transferred to nano sized fine powder
by adding methanol solvent (Guadalupe de la Rosa et al.,
2013). The XRD pattern of prepared powder was recorded
by Bruker Advance X- Ray diffraction Cu-Kα radiation
and Ni filter in the angular range 2θ = 10-80° with angular
step size ∆2θ= 0.05°.

Test for Flavonoids:
Alkaline reagent test:

In the plant extract 10% ammonium hydroxide solution
was added and the appearance of yellow color indicated
the presence flavonoids.

Test for phytosterols:
Libermann-burchard’s test:

In this test, about 0.5 ml of plant extract as added acetic
anhydride afterward 2 drops of concentration sulphuric
acid were added to the solution to check the changes of
color.

RESULTS
Qualitative analysis:

The phytochemical characteristics of Cucumis sativus
plant leaf and seed tested and summarized in the table-1
and 2. Alkaloids, Protein, Carbohydrate, Glycosides,
Phenols, Flavonoids, Tannins and saponins were present
in the leaf and seeds of Cucumis sativus.

Test for saponins:

In this test, about 2ml of crude plants extract as added 20
ml of distilled water and mixed well for 10 to 15 min the
resulting layer of foam indicated the presence of saponins.

Table 1: Phytochemical Analysis of Cucumis sativus leaves and fruits
S.N

Variable

1

Alkaloids

2

Benzene

Chloroform

Methanol

Isopropanol

Acetone

Mayer’s test

-

-

-

+

+

+

Wagner’s test

-

-

+

+

-

+

-

-

-

+

-

-

+

+

+

++

+

-

-

+

+

++

++

+

+

+

+

+

++

-

Amino acid
Ninhydrin test

3

Petroleum Ether

Carbohydrate
Benedict’s test

4

Fixed oil and Fats

5

Glycosides

6

Phenolic compound
And Tannins

Saponification test
Liebermann’s test
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Ferric chloride test

-

-

-

+

+

+

Lead acetate test

-

+

-

+

+

+

Alkaline reagent test

+

-

-

+

+

-

8

Liebermann
Burchard test

-

-

-

++

+

-

9

Protein

7

10

Flavonoids

Million test

+

+

+

++

+

-

Biuret test

-

+

+

+

+

-

Saponin

-

-

+

+

+

-

+ + (Highly Presence), + (Moderately Presence), - (Absence)

Table 2: Phytochemical Analysis of Cucumis sativus seed
S.N

Variable

Petroleum
Ether

Benzene

Chloroform

Methanol

Isopropanol

Acetone

1

Alkaloids
Mayer’s test

+

-

-

++

+

+

Wagner’s test

-

+

+

+

-

+

-

-

-

+

-

-

+

+

+

+

+

+

-

-

+

++

++

+

+

+

+

+

+

-

Ferric chloride test

-

-

-

++

+

+

Lead acetate test

-

+

-

+

+

+

Alkaline reagent test

-

-

-

+

++

-

8

Liebermann
Burchard test

-

-

-

+

+

+

9

Protein
-

-

+

++

+

-

2

Amino acid
Ninhydrin test

3

Carbohydrate
Benedict’s test

4

Fixed oil and Fats
Saponification test

5

Glycosides
Liebermann’s test

6

7

Phenolic compound
And Tannins

Flavonoids

Million test
10

Biuret test

-

-

+

+

++

-

Saponin

-

-

+

+

+

-

+ + (Highly Presence), + (Moderately Presence), - (Absence)
Table 3 represents bioactive compounds of Cucumis sativus from GC-MS
S.N.

Area
(%)

Reaction
time (min)

Compound Name

Molecular
Formula

Molecular
Weight

Biological Activity

1.

71.36

32.17

Cycloheptasiloxane,
tetradecamethyl-

C14H42O7

519

Antibacterial, Antifungal and
inhibit tumor growth
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2.

92.97

39.13

Octadecanoic acid methyl ester

C19H38O2

298

Antimicrobial

3.

83.23

49.48

Hexadecanoic acid, methyl ester

C17H34O2

270

Antibacterial, Anti-inflammatory,
anti-malarial

4.

36.91

54.89

9,12-Octadecadienoic acid (Z,Z)-,
methyl ester

C18H32O2

280

Anticancer, Anti-inflammatory

5.

14.16

55.03

9-Octadecenoic acid, methyl ester,
(E)

C19H36O2

296

Antioxidant activity

6.

8.41

55.15

10-Octadecenoic acid, methyl ester

C19H36O2

296

Antioxidant, Antimicrobial
activity, decrease blood
cholesterol etc.

7.

69.89

55.79

Methyl stearate

C19H38O2

298

Anti-inflammatory, Lipid
metabolism regulator, Gastrin
inhibitor etc.

8.

52.15

56.03

Fluconazole

C13H12F2N6O

306

Inhibit Antifungal activity, Yeast
infection, increase immune
system.

9.

19.97

56.76

Linoleic acid ethyl ester

C20H36O2

308

Antioxidant activity

10.

10.47

59.91

Cyclopropanebutanoic acid,
2-[[2-[[2-[(2-pentylcyclopropyl)
methyl] cyclopropyl] methyl]
cyclopropyl]methyl]-, methyl ester

C25H42O2

374

Anti-cholesterol compound.

Gas Chromatography and Mass Spectroscopy
(GC-MS) Analysis:

The bio active components in the methanol extract of plant
leaf of C. sativus was identified by Gas Chromatography
and Mass Spectroscopy techniques (Shettima, 2013). Table
2 depicts the existence of 10 bioactive phytochemical
compounds presence in the methanol extract of the
plant (Marsili, 2000).The bioactive compounds and the
Retention time (RT), compound name, molecular structure,
molecular weight and their biological activity are present
in table 2. The extraction and analysis of plant play a vital
role in the pharmaceutical, modernization, development
and quality control of herbal formulations (Yusuf, 2021).
Figure 2 represents GC-MS analysis of plant sample which
shown the presence of compounds, namely two compounds
9,12-Octadecadienoic acid (Z,Z)-, methyl ester and other
one as Hexadecanoic acid, methyl ester were found to
be considered as major in this fraction with 36.91% and
83.23% peak area respectively. Many minor constituents
were also identified such as Cyclopropanebutanoic acid,
2-[[2-[[2-[(2-pentylcyclopropyl)
methyl]cyclopropyl]
methyl]cyclopropyl]methyl]-, methyl ester (10.47%),
Cycloheptasiloxane,
tetradecamethyl
(71.36%),
Octadecanoic acid methyl ester (92.97%) etc. The
recognized compounds have been reported to possess
beneficial biological activity (Table 3).

Figure 2.The GC-MS Analysis of Cucumis sativus

X-Ray Diffraction Method of Cucumis sativus:

X-Ray diffraction method has been used to show the
crystalline size and nature of the sample plant of Cucumis
sativus. The analysis of X-Ray diffraction pattern of
Cucumis sativus has been shown in figure 2. The few
intense peaks at 20.40o, 26.26o, 29.09o & 39.09o with finite
width which indicates the presence of crystalline nature
and few of them have small width peaks which reflect
the semi crystalline nature of the plant sample. The peaks
matched with XRD different pattern of different phases of
carbon allotropes (Singh 2015).
The determination of FWHM or full width at half
maxima has been set on using Gaussian fitting. Debye
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Scherer method of X-ray diffraction says that the FWHM
of the XRD peak is directly related with crystalline size.
D = 0.9 λ / β Cos θ
Where, λ = wavelength, β = FWHM of peak, θ = angular
position.
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of GC-MS bioactive compounds like, hexadecanoic acid,
Cycloheptasiloxane, and methyl stearate in C. sativus
(Belakhdar 2015) and confirmed the results obtained
by antibacterial and antifungal and antitumor properties
(Srivastava, 2015), likewise, 10-Octadecenoic acid, 9,
12-Octadecadienoic acid (Z,Z)-, methyl ester showed
anticancer and anti-inflammatory bioactivity (Begum et
al., 2018) whereas, methyl ester acts as antioxidant and
antimicrobial (Gupta, 2016).

CONCLUSIONS
All the identified phytochemicals in methanolic plant
extracts have known for their considerable bioactivity
hence would be used in future study to get new interesting
source of herbal formulations.
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Figure 3. The X-Ray diffraction pattern of the sample plant of
Cucumis sativus.

DISCUSSION
Plant utilization by human as medicine was a traditional
practice which started from about 60,000 year back
(Petrovska, 2012; Gomathi et al., 2015; Shanet al., 2020).
In the piece of paper has been shown the extracts of
the C. sativus potent which help in decrease the risk of
many diseases like Cholesterol problem, skin problems,
diabetic, antimicrobial, cancer (Malik et al., 2019). In
general, the suitability of a medicinal plant for use is
determined by associating phytochemicals with biological
activity (Pachiappan, 2017). The present study reveals
the existence of bio-active secondary metabolites in C.
sativus based on the qualitative and quantitative analysis
using standard procedures. The importance of this plant
can be used as a medicinal plant (Nasseri, 2020). In
qualitative and quantitative analysis of C. sativus confirm
the presence of alkaloids, carbohydrates, amino acids,
flavonoids, glycosides.
Herbal formulations are regaining its popularity
among the consumers worldwide, but the major drawback
is the lack of quality profiling (Sharma, 2011). To tackle
this problem, modern techniques like Chromatography
should be used for analysis of the various components in
many unexplored plants. Presently, Gas Chromatography
(GC) is frequently used for the phytochemical
analysis of the plants (Krishnamoorthy, 2014) whereas
chromatography plays a fundamental role analytical
technique for quality control and standardization of phytotherapeuticals (Gomathi et al., 2015). The present analysis
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ABSTRACT
The precise, systematic, explicit, particular, linear, exact and robust scientific method
was developed and validated for the assay of Thifluzamide in THIFLUZAMIDE 24% SC
(CILPYROX) fungicide. Presently utilized Thifluzamide as a working standard having limit for
assay of Thifluzamide in THIFLUZAMIDE 24% SC (CILPYROX) fungicide are not less than
95.0%. Acetonitrile, water and Phosphoric acid in the ratio (60:40:0.1 v/v/v) used as mobile
phase and flow rate 1.0 ml / min. with 10 minutes run time. The detection was carried at 230
nm with column c18 - 250mm x 4.6mm x 5µ and ambient column temperature was maintained.
The linearity of this method was found to be linear with a coefficient of regression at 0.999 in
the concentration range of 50% to 150%. The linear regression equation was y=2174x-135.8.
The present developed HPLC method is detected to be suitable. The analytical solution was
detected to be stable up to 48 Hrs at room temperature.
Keywords: Thifluzamide , Robust, Precision, Linearity and Stability.

INTRODUCTION
Thifluzamide acts as inhibiting succinate dehydrogenase
in the trycarboxylic acid cycle after being absorbed by
the roots and leaves of the plants, which restrain with
succinate ubiquinone reductase in the mitochondrial
electron transport chain of fungi (Ravichandra, 2018),
normally used as a solidfied drench or a foliar spray
(Walter et al., 2011), it safeguards potato, strawberry, rice ,
coffee and maize in opposition to Rizoctonia solani which
causes to sheath blight. It regulates rice sheat blight, maize
sheath blight, tarspot disease and strawberry sheath blight,
and it was invented by Monsanto(Adhikari et al., 1989).
Thifluzamide is effective as foliar, soil and seed curative
treatment adverse to basidiomycetes fungal pathogens.
It is in white colored thick liquid. It could be used as
preventive or prior to development of sheath blight disease
approximately 45 days after transplanting Noriko T3 and
Parizox T2 in paddy rice. It is an aromatic amide obtained
by formal condensation of the carboxy group of 2-methyl-

4-(trifluoromethyl)thiazole-5-carboxylic acid with the
amino group of 2,6-dibromo-4-(trifluoromethoxy)aniline
(Golden et al., 1998), furthermore it was tested for the
efficacy against rice sheath blight during 2006 and 2009.
Among the several test concenrtrations, Thifluzamide
24% SC (CILPIROX) at a proportion of 90 and 105g ai/
ha was determined as effective in decreasing the disease
intensity and increasing the crop yield. Its solubility in
water is 20mg/L and forms emulsion with water. It is used
as seed and foliar fungicide on a wide range of crops and
a turfgrass with tradename as Greatam. This fungicide
found as effective both curative and preventive activity
without any symptoms such as phytotoxicity like necrosis,
veinclearing, hyponasty, epynasty which involving in rice
plants. The extensive utilization of Thifluzamide fungicide
then its toxic nature impact on non-target species apart
from target organisms in soil, the biomarkers response of
earthworms concerning the stress induced by Thifluzamide
with different concentrations ranges from 0 to 10mg/kg,
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and also detected this fungicide instigates DNA damage,
inhibited actions of GST, POS and SOD enzymes in the
body of earth worms (Malik et al., 2022). The structure of
Thifluzamide was as follows.
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linearity, Method of precision, Intermediate Precision,
Robustness and stability were studied according to the
International Conference on Harmonization Guidelines
with numbers: Q2A & Q2B of CPMP / ICH / 281 / 95
and non-pharmacopoeial method and developed in-house
(Majors et al., 1980).

MATERIALS AND METHODS
Chemicals and reagents

Structure of Thifluzamide

Chemical
name:
2′,6′-dibromo-2-methyl-4′(trifluoromethoxy)-4-(trifluoromethyl)thiazole-5carboxanilide. Molecular formula is C13H6Br2F6N2O2S
and Molecular weight is 528.062 g/mol (Debra Edwards
et al., 2011).
Early investigations expels that, there was accurate
and reliable HPLC method has developed for using
stability indicating method for the determination of
Thifluzamide spontaneous deferments(Kumar et al.,
2015). Subsequential literature survey, found antibacterial
composition of Thifluzamide and Chlorothalonil, this
combination of bactericidal (Xingkhai Cheng et al.,
2020) leads to preventing and regulating contamination
of diseases on fruit trees, cereals and edible crops, has
greater effect of synergetic, postpones an overcomes the
drug resistance of pathogenic bacteria, has the benefit of
high bactericidal speed and long duration time, low cost
usage (Kavitha et al., 2020). Thifluzamide represents
an endothermic peak at 175-1800c when measure by
dissimilar scanning calorimeter analysis and having no
other peak at less than that temperature(Hayakwa et al.,
1998). Many researchers were delved on highly sensitive
and more effective chromatographic procedures. The
HPLC-MC/MS methods represents maximum residue in
rice grain was too low and only 7 to 11% quotient of severe
risk involved with thifluzamide in daily dietary intake in
Chinese population utilizing rice (Guo et al., 2001).
The limits for Assay of Thifluzamide is not less
than 95.0%. This analytical method verification report
is intended to summarize the results obtained during the
verification of HPLC method for the assay of Thifluzamide
in THIFLUZAMIDE 24% SC (CILPYROX). A High
Performance Liquid Chromatography-UV Detection
(HPLC- UV/PDA) method for the quantitative
determination of analytical method of assay of
Thifluzamide in THIFLUZAMIDE 24% SC (CILPYROX)
20ml was developed and validated in the present study. The
validation parameters such as Specificity or Selectivity,

Thifluzamide working standard and Thifluzamide , 10ml
was received from reputed local chemical company. In the
present study entire chemicals and reagents were utilized
with high quality and purity and obtained from various
sources. Acetonitrile-AR, Phosphoric Acid-AR, were
purchased from Merck. Millipore water (HPLC- Grade)
were procured from SD Fine chemicals, India. All the
materials used were within the expiry date and stored at
recommended storage conditions.

Preparation of Thifluzamide Standard Solution

Weigh accurately about 20 mg of Thifluzamide working
Standard and transfer to a 50 ml volumetric flask. Add 20
ml of diluent and sonicate to deliquesce. Dilute to volume
with diluent and mix. 1.0 ml of this solution transfer into a
10 ml of volumetric flask and then diluted to volume with
the diluent and mix.
(Scheme of Dilution : 20mg → 50.0 ml → 1 ml /10.0 ml)

Preparation of sample Solution

Take 84mg weight of sample and then transfer into 50 ml
volumetric flask. To dissolve, sonicate and augment 20ml
of diluent(European agency, 1995). Dilute to volume with
diluent and mix. In 10ml of volumetric flask 1.0 ml of this
solution is transfer and diluted to volume with the diluent
and then mix.
(Scheme of Dilution: 84mg → 50.0 ml → 1 ml /10.0 ml)

System Suitability Solution Preparation

Used Thifluzamide working standard solution as system
suitability solution.

Procedure

Separately inject equal volumes of blank, five replicate
injections of system suitability solution (Thifluzamide
working standard solution). Subsequently inject two
injections of test solution and record the chromatograms.
Ignore any peak due to blank in the test solution. Calculate
% RSD of five replicate injections of system suitability
solution (Thifluzamide standard working solution).
Check tailing factor and theoretical plates of the peak in
the chromatogram obtained with 5th injection of system
suitability solution (Thifluzamide working standard
solution).
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The limits are as below,
1. Theoretical plates should be greater than or equal
to 2000.
2. Tailing factor should be not more than 2.0. and
3. % RSD should be below 2.0%.
No options while fixing limits mention 2 or 3 not 2
and 3. 2 is enough. Everything in same manner.

Instrumentation and Chromatographic conditions

For the current analysis, the HPLC - Agilent 1100 Series
and HPLC- Waters - Alliance 510 pump with UV/
VIS detector was used. The Chromeleon software and
Data Ace softwares were utilized for data acquirement.
Sample injection was done by auto injector which was
coupled with instrument itself. System was equipped
with HPLC Analytical column C18 - (250mm x 4.6mm x
5µ dimensions) and column was maintained at ambient
temperatures for quantification. Mettler Toledo-B204S as
analytical weighing balance was employed for weighing
the working substances (Popp et al., 2002).

Mobile phase preparation

Prepare a mixture of Acetonitrile, water and Phosphoric
acid in the ratio 60:40:0.1 respectively used as diluent
which was blank sample. Mix well. The rate of flow has
been 1.0 ml / min. with 10 minutes run time and uses
the 20 μl injection volume for testing sample quantity.
The detection was carried at 230 nm with ambient
chromatographic conditions. Then Filter through 0.2 µm
Nylon membrane filter paper and degas prior to use.

4

2179.37

5

2189.70

Mean

2160.12

Standard Deviation(±)

24.39

(%) Relative Standard Deviation

1.13

Entire injections were processed at the wavelength
furnished in the method. There was no interference
observed from diluent blank solution, placebo with
Thifluzamide peak. From the Table 1, it was evident that
the % of Relative standard lesser than 2.0 percent (1.13).
Result: The method is selective.

Linearity:

In the theoretical concentration of preparation of assay, the
linearity evaluation of five standard blends of Thifluzamide
were developed in the span of initiating from 50% to
150%. The linearity solutions and the system suitability
solutions were injected accordance with the protocol.
The linearity graph of concentration in respect of peak
performances was plotted and the correlation coefficient
was detected. The average peak area of Thifluzamide peak
at each concentration level was identified and the linearity
graph was plotted against the sample concentration in
percentage. The outcomes of linearity study are as given
in Table 3. Below Figure 2 interprets, observation of a
linearity graph of the average area at every level against
the concentration (%) was plotted and was detected to be
a straight line graph.

HPLC Method validation

According to USP – non pharmacopoeial method and the
International Conference on Harmonization Guidelines,
the method was validated in terms of Specificity or
selectivity, linearity, method of precision, intermediate
precision, robustness and stability studies of the samples.

RESULTS AND DISCUSSION
Specificity /Selectivity:

In accordance of the analytical method the system
suitability criteria were detected to converge with the
pre-established acceptance criteria. The results of system
suitability corresponding selectivity were shown in the
Table 1 and standard chromatogram was given in the
following Figure 1.

Figure 1: Standard chromatogram of Thifluzamide
Result-A Table
Peak No

Retn.
Time

1

4.317

Total

Area %

Height
%

2179.367 146.169

100

100

2179.367 146.169

100

100

Area

Height

Table 1: System suitability - Selectivity
Sr. No.

Area of Thifluzamide

1

2141.18

2

2132.34

3

2158.00

Figure 2: Linearity graph of Thifluzamide Standard
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Table 2: System suitability - Linearity standard of
Thifluzamide
Sr. No.
1
2
3
4
5
Mean
Standard Deviation(±)
(%)Relative Standard Deviation

Area of Thifluzamide
2056.21
2036.21
2004.97
1980.83
1985.82
2012.81
32.57
1.62

Results :

a) A linearity graph of the average area at each level
against the concentration (%) is plotted and is
found to be a straight line graph.
b) The correlation coefficient is detected to be
greater than 0.999.
c) Hence it is concluded that, the method is found
to be linear in the range of 50% to 150% of the
working concentration.
d) The range for the analytical method is 50 ppm to
150 ppm.

3
4
5
Mean
Standard Deviation (±)
(%) Relative Standard Deviation
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2211.95
2193.12
2120.85
2185.34
36.68
1.68

Table 5: Results of method precision
Test Solution
1
2
3
4
5
6
Mean
Standard Deviation (±)
(%) Relative Standard Deviation

% Assay of Thifluzamide
98.71
101.69
100.89
100.13
99.27
100.40
100.18
1.08
1.08

Table 3: Results of linearity of standard
Linearity
Sample
Sample
Peak Correlation
Level
Concentration Concentration Area Coefficient
(in %)
(in ppm)
Level – 1
20
20
928.92
0.999
Level – 2
30
30
1523.61
Level – 3
40
40
2034.54
Level – 4
50
50
2597.15
Level – 5
60
60
3110.74

Graphical representation of six sample values of Method
Precision

Result : The % RSD of the six assay results is detected
less than 2.0% and coincide the pre-established acceptance
criteria. Hence, it is inferred that the method is precise.

Precision:
Method Precision:

Intermediate Precision:

Table 4: System suitability - Method precision

Table - 6: System suitability - Intermediate precision

Six test solutions of Thifluzamide in THIFLUZAMIDE
24% SC (CILPYROX) and were prepared as per the
analytical method. The percentages of RSD and assay
of six test solutions was calculated. % RSD concludes,
with the results of six test solutions should be accept only
less than 2.0%. By the inference of analytical method the
system suitability criterion was detected to coincide the
pre-established acceptance criteria. The outcomes of assay
obtained from six test solutions preparations are presented
in Table - 5.
Analyst – 1 HPLC No.: EH/R&D/HPLC-024
Sr. No.

Area of Thifluzamide

1
2

2199.71
2201.05

Six test solutions of Thifluzamide in THIFLUZAMIDE
24% SC (CILPYROX) was prepared as per the
analytical method on different day. These test solutions
were analyzed by a distinct analyst using distinct HPLC
column of same preparation but having distinct serial
number and distinct HPLC system. The percentage of
RSD of % assay outcomes of twelve test solutions (each
of six samples from method precision and intermediate
precision) was calculated. % RSD of the results of
twelve test solutions (each of six samples from method
precision and intermediate precision) should not be more
than 2.0%.
Analyst – 2 HPLC No.: EH/R&D/HPLC-023
Sr. No.

Area of Thifluzamide

1

2121.20

2

2095.28

136

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper

3

2095.28

4

2105.86

5

2075.10

Mean

2098.54

Standard Deviation (±)

16.87

(%) Relative Standard Deviation

0.80

Table 7: Results of intermediate precision
Sample Solution
1
2
3
4
5
6
Mean
Standard Deviation (±)
(%) Relative Standard Deviation

% Assay of Thifluzamide
99.57
101.09
101.38
100.40
102.30
101.53
101.05
0.95
0.94

The system suitability criteria were detected to
coincide the pre-established acceptance criteria as per the
analytical method. (system suitability results are in Table
7). The results of assay obtained from six test solutions
are presented in Table - 8 and the chromotogram of
intermediate precision shown in Figure 3. % RSD of assay
results from method precision and intermediate precision
(12 results) are presented in Table - 8.

Figure : 3 Chromotogram of Thifluzamide/intermidiate
Precision
Result-A Table
Peak No Retn.Time Area
Height Area % Height %
1
3.419
2120.54 153.436 100
100
Total
2120.54 153.436 100
100

Table 8: Results of twelve test solutions of Thifluzamide in
(each of six samples from method precision & intermediate
precision)
Analysis performed during method precision study
By first Analyst on system 1 and on column 1 on day 1
Same column
% Assay of Thifluzamide
1
98.71
2
101.69
3
100.89
4
100.13
5
99.27
6
100.40

Analysis performed during intermediate precision study
By second Analyst on system 2 and on column 2 on day 2
Column sr. no.
015132560136 02
Test Solution
% Assay of Thifluzamide
7
99.57
8
101.09
9
101.38
10
100.40
11
102.30
12
101.53
Mean of twelve samples
100.61
1.07
Standard Deviation (±)
(%) Relative Standard Deviation 1.06

Graphical representation of six sample values of Intermediate
Precision

Result:

The analysis was carried out on six test solutions of the
same lot of the fungicide product by two distinct analysts
with two separate equipments within the same laboratory
using two distinct columns of the same preparation but
having distinct serial numbers on two distinct days. The %
RSD of the twelve assay results (six samples from each of
method precision and intermediate precision) is identified
to be less than 2.0%.
Thus, the method is determined to be rugged and
precise.

Robustness:

Change in Column Lot
(Experimental Condition: c18 - 250mm x 4.6mm x 5µ)
Table 9: System suitability of Assay - Robustness with change
in Column
Sr. No.

Area of Thifluzamide
Same column

Different column

1

2199.71

2078.16

2

2201.05

2102.85

Mean

2200.38

2090.50

Standard Deviation(±)

0.95

17.46

(%) RSD

0.04

0.84

The assay results were obtained with different flow
rate conditions are as given in Table 10.
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Table 10: Results of change column Lot
Same
column

Flow rate →
Sample

Different
column

98.71

99.39

Average assay result from method
precision

100.18

100.18

Mean

99.45

99.79

Standard Deviation (±)

1.04

0.56

(%) Relative Standard Deviation

1.05

0.56

The analytical method represents that the system
suitability criteria were detected to coincide the preestablished acceptance criteria. Change in Column Lot
results represents in above Table 10.
Change in Flow Rate (± 0.2 mL/minute):
(Normal Experimental Condition: 1.0ml/minute)
The analytical method represents that system
suitability criteria were detected to coincide the preestablished acceptance criteria.
Table 11: System suitability - Robustness along with change
in flow rate
Sr. No.

Table 13: System suitability - Robustness with change in
wavelength
Sr. No.

Area of Thifluzamide

% Assay

Test solution

Area of Thifluzamide

137

1

228 nm

232 nm

2038.84

2090.11

2

2044.27

2094.06

Mean

2041.55

2092.09

Standard Deviation (±)

3.84

2.80

(%) Relative Standard Deviation

0.19

0.13

The assay results obtained with different wavelength
conditions are given in Table 14.
Table 14: Results of change in wavelength
228 nm 232 nm

Wavelength →
Sample

% Assay

Test solution

99.23

98.94

Average assay result from method
precision

100.18

100.18

Mean

99.71

99.56

Standard Deviation (±)

0.67

0.88

(%) Relative Standard Deviation

0.67

0.88

Change in composition of mobile phase (± 20ml):
(Normal Experimental Condition: Acetonitrile: water
: Phosporic Acid = 600ml:400ml:1ml)

0.8 mL/minute

1.2mL/minute

1

2043.29

2021.71

2

2036.50

2008.05

Mean

2039.90

2014.88

SD(±)

4.80

9.65

Sr. No.
58ACN:42W:0.1P

(%) RSD

0.24

0.48

62ACN:

38W:0.1P

1

2108.04

2104.25

2

2081.25

2095.63

Mean

2094.64

2099.94

Standard Deviation (±)

18.94

6.10

(%) RSD

0.90

0.29

Table 15: System suitability - Robustness with change in
mobile phase composition

The assay results obtained with different flow rate
conditions are as given in Table 12.
Table 12: Results of change in flow rate
Flow rate →

0.8 mL/
minute

Sample

1.2mL/
minute
% Assay

Test solution

100.09

98.38

Average assay result from method
precision

100.18

100.18

Mean

100.14

99.28

Standard Deviation (±)

0.06

1.27

(%) Relative Standard Deviation

0.06

1.28

Change in Wavelength (± 2 nm):
(Normal Experimental Condition: 230nm)
The analytical method represents that the system
suitability criteria were detected to coincide the preestablished acceptance criteria.

Area of Thifluzamide

The system suitability criteria were detected to
coincide the pre-established acceptance criteria as per the
analytical method.
The assay results obtained with change in mobile
phase composition are as given in Table 16.
Table 16: Results change in composition of mobile phase
Mobile phase
composition

58ACN:42W:0.1P

Sample

62ACN:38W:0.1P

% Assay

Test solution

100.53

99.52

Average assay
result from method
precision

100.18

100.18

Mean

100.36

99.85
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Standard Deviation
(±)

0.25

0.47

(%) RSD

0.25

0.47

Result and Discussion

a) The analysis of the same lot of Thifluzamide in
THIFLUZAMIDE 24% SC (CILPYROX) was
carried out at different conditions of column lot,
flow rate, wave length and change in composition
of mobile phase.
b) The system suitability was detected to coincide
the pre-established criteria at all the stipulations
and the %RSD is not more than 2.0% in between
results obtained with modified stipulation and
average result of Method precision.
c) The analytical Method meets the pre-established
acceptance criteria for robustness study as per
protocol. Thus, the Method is robust.

Stability of Analytical Solution:

System suitability solution and test solution of
Thifluzamide in THIFLUZAMIDE 24% SC (CILPYROX)
brought to developed on session 0th, 12th, 24th, 36th and 48th
hour of experiment and stored these solutions at normal
storage temperature for every time period up to 48 hrs and
analyzed these solutions on 48 hrs with newly prepared
test solution.
Results for Solution Stability shown in the below
Table 17. During the analysis the system suitability
solution was prepared afreshly. The assay of Thifluzamide
in THIFLUZAMIDE 24% SC (CILPYROX) in the sample
was calculated.
Table 17: Results for Solution Stability
% Assay results computed against the newly prepared system
suitability standard
Sample

% Assay of
Thifluzamide

0th hr

99.39

12th hr

98.72

24 hr

97.41

36 hr

96.49

48 hr

100.46

Mean

98.49

Standard Deviation (±)

1.57

(%) Relative Standard Deviation

1.60

Result and Discussion

The system suitability was detected to coincide the preestablished criteria and the % RSD between assay results
obtained for afreshly prepared test solution and the stored
test solutions is less than 2.0%. The Assay level observes

there is no significant change up to 48Hrs of test solution
at room temperature. Hence, consequently it can be
concluded that the solution is stable up to 48Hrs at room
temperature.

CONCLUSION
The HPLC-UV/PDA method for determination of
Thifluzamide for was completely validated by using
specificity or selectivity, linearity, method of precision,
intermediate precision, robustness and stability
parameters. The approach was validated in accordance
with ICH and non pharmacopeia standards. A simple
economic HPLC method has been developed for the
quantitative estimation of Thifluzamide injection with
good precision, linearity, and robust. The prepared method
was detected to be specific and accurate for the assay of
Thifluzamide . A system suitability test was established
and recorded for the Thifluzamide injection. The analyte
was considered stable if there is no significant change in
% assay. Hence the solution was found to be stable up to
48 Hours at room temperature. For these reasons, hence,
it is concluded that the analytical method was validated,
can be used for routine analysis and for stability study.
Consequently, the suggested method can be easily used
for the quantitative quality control in agro industries, and
future research also.
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Abstract
Wildlife is an essential part of wholesome environment which needs the special care and
attention toward its preservation and prevention of crimes through effective legal and scientific
mechanisms. Now world has moving towards the inclusion of technology in every sphere of
human life. Here law and science are mediums of achieving the ends for the betterment of
lives and welfare of humans. Forensic science has been emerging as a great aid in conducting
the effective investigation against wildlife crimes. This article points out certain methods of
forensic science in relation to the law in India, and their utility, so that the cherished right of
wholesome environment can become a reality.
Keywords: Forensic Science, Wildlife, Environment, Law, Evidence, Crime, D.NA.

Introduction
Forensic Science is, in simple term, application of various
branches of sciences in the areas of law. The Supreme
Court of India has recognized the Right to Wholesome
Environment for everybody (Subhash Kumar v. State
of Bihar), and undoubtedly, wildlife has been the vital
contributor in wholesome environment, without which
we cannot imagine the world as good and pleasant as it is
today. Thus the need arise of protection and conservation of
wildlife in its natural state. Today one of the single biggest
global challenges is the trafficking of animals and their
derivatives, the cost of which is estimated at US $10–20
billion per year, roughly 5% of the international drug trade
(Wison-Wilde L (2010)). Although, India has The Wildlife
(Protection) Act, 1972, yet, the crime against wild animals
going on at intense rate causing the fear of extinction
of the same. Problem often arise when investigation
agencies failed to establish the guilt of accused persons
after nabbing them or failed even at investigation stage to
gather sufficient evidence against the culprits.
Now time has change and it is the need of the time
to investigate the crimes against wild animals by using
modern scientific technology and methods, because a vigil
can be keep on the movements of animals as well as of

humans in forests by using the electronic equipments like
CCTV Cameras. In this endeavour, wildlife forensics can
be of great use. Wildlife forensics is an emerging field
which has been applied extensively by the Investigation
Agencies because it is useful not only in monitoring the
health and well-being of wild animals in the jungle, but
most importantly, it is useful in getting relevant evidence
against the perpetrators of crime. This effort involves a
number of different players drawn from the international
community, national police agencies, NGOs and forensic
specialists (Bell L.S. (2011).

Scientific Methods of
Identification

Anstett et al, 2016 in their study points out various
scientific practices underpinning the social re-inscription
of the human and animal remains resulting from violence
focuses on the historical configurations that presided over
the birth of physical anthropology. This has been done
through techniques of identification, classification and
display.
Again Identification methods may be useful in
preserving and protecting the wild animals during their
life time, which is in fact more important as they make the
ecological balance. On the other hand, in case of death of
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animal, cause of the death whether natural or because of
intentional killing on the part of humans, can be traced out
by way of using the scientific methods.

(i). Shaving or Cutting the Fur:
According to Dahlborn et al (2013) Cutting of some fur or
scales of skin is of a wild animal is simple-most method of
keeping the material for identification of animals. But for
this purpose it is necessary to make an animal unconscious
by applying some chemical or tranquilizer gun.
(ii). Felt Tip Marker:
Felt Tip Marker or Alcohol-Based Pens for Skin Marking,
including Coat Dying is another good technique of
identification of animals, because here it is possible to give
identity to an animal by writing numbers or marks on the
hairless parts of the body of hat animal. Such marks may
be read from distance ant that too, without capturing that
animal.
(iii). Subcutaneous Injection of Ink:
In this method, ink is injected through a needle into
the skin of an animal which makes the skin coloured.
However, injection involves a pain as reported by Leclerq
and Reozenfeld (2001), but it is submitted that for the sake
of protection and care of an animal, this aspect of pain is
ignorable.
(iv). Ear Tag:
Ear Tags may be of plastic or metal (Generally of Nickel
copper), and may be different for different species of
animals. Ear Tags are also good way of marking the
animals which help them to identify in case of need.
(v). Tattoo Method:
Tattoo can be encrypted on numerous parts of animal
like tail, nose tip, footpads, toe etc. some animals may
be sensitive to the ink applied on their skin so it becomes
necessary to assess and ensure this aspect also that suffering
of the animal must be eliminated. This is a permanent
method of identification as either the tail, footpads or toes
of an animal get tattooed. Ink must be loaded in the dermis
of animal, under the epidermis so a permanent mark may
be created (Hawkins et al, 2004).
This may include Tail Tattoo, Ear Tattoo by applying
the micro tattoo system or electrical tattoo equipment.
This proved good in the case of identification of rodents
(Hankenson et al, 2008). An alternative to the Electric
Tattoo Machine is the use of a lancet, which is done
manually and reflected in coloured dots only. Similarly,
Toe tattoo or footpad tattoo is another way of fixing the
identity of wild animals but this kind of tattooing is worthy
in rodents and other small animals because large animals
can be better coloured on their skins in permanent way.
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(vi). Microchip Transponder:
Microchip insertion in skin of animals another effective
way of keeping the vigil on the movement and studying
the habits of animals. Microchips, generally known as
Electronic Radio Frequency Transponders, by way of
small surgery inserted subcutaneously, and the location
of animal can be traced out by way of readings in he
transponder reader. Most readers easily get connected with
the computers and become very useful in collection of
variety of data (Dahlborn et al, 2013).
(vii). D.N.A. Identification:
Deoxyribonucleic Acid (D.N.A.) Identification is a new
and reliable method of identification and this technique
now overtaken almost all preceding techniques of
identification. For this purpose sometimes scientists need
the small notch of tissue of an animal while on the other
hand some hair or saliva or urine of animal is sufficient to
collect D.N.A.
Now the above-mentioned methods are very effective
in protection and conservation of wild animals and for their
welfare. But not all the times these can be applied because
on many occasions, investigation needed to be done after
the commission of crimes against the wild life. Thus ,
some other scientific methods are also here which may be
useful in wildlife crimes. There are two kinds of methods
of identification of animals in case if they injured or hunted
and their remains later found. These two methods are (1)
Morphological Methods, and (2) Chemical Methods.

I. Morphological Methods:

The Morphological Analysis includes number of methods
like osteology, microscopy etc. to examine the same
structure. This analysis breaks down a product, system or
process into various sub-categories. Each category, stating
a particular dimension in multi-dimensional matrix.
The morphological methods used in wildlife forensics
are utilized primarily for identification and to ascertain
cause and manner of death. These methods are based
on anatomical identification of tissues or body elements
and require a considerable understanding of comparative
anatomy at the macroscopic and microscopic scale. Some
of the Morphological Methods are discussed below:

A. Osteology:
Louise Scheuer (2002) states that Forensic Osteology
is a branch of larger subject of forensic anthropology
that includes the study of facial super-imposition, facial
reconstruction, forensic odontology, bone pathology,
and archaeology. However, in general, Osteology is the
study of bones of a skeleton. Osteologists when apply the
science of osteology, study and use the unique appearance
or morphology of bony elements of the skeleton in order
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to make identifications. However, this may be easy in
the matters of human being’s identification but animal
identifications are far more difficult to make because there
are so many possibilities and inter-species and intra-species
variants. Where whole or partial bony elements survive,
the bony joints, overall size and shape, and ligamentous
insertion sites provide diagnostic identifiers (characteristic
traits) of species and are ranked collectively (Lyman RL,
2001) .
An Osteological Analysis includes examination of
skeletal remains, a dental structure, aging data, based on
study of epiphyseal fusion and dental budding or growth
(for sub-adults) and deterioration or withering of pubic
symphysics or sterna end of ribs, stature and other metric
data, non-metric traits, ancestry (both in case of humans
and animals) etc. It, thus, becomes possible to identify a
single bony element depending on its diagnostic attributes.
This approach is also used to estimate minimum numbers
of individuals present by using a single skeletal element
such as, say, right proximal femur. This is important where
many body parts are collected together for shipment and
an estimation of animal count is required. When dentition
is present, the chance of identification vastly increases,
since dentition is unique to most species (Hillson S, 2005).

B. Microscopy;
Even trace elements may be crucial in solving the crimes.
Although most forensic scientists use microscopes at one
time or another, the forensic microscopist uses microscopes
to locate, recover, identify and compare trace evidence as
a part of crime investigation. Where fragmentary material
is recovered, microscopic identification is possible with
animal material and a sizable literature exists. Microscopy
is a technology capable of analyzing microscopic samples
found at he crime scene like fragments of hairs, feathers,
scales, fibres etc. and also to trace out gunshot residue (in
the cases of hunting), which may provide vital information
and the same can be of great help in solving the mystery
of crime against wildlife (Priya Thakur, 2021). A useful
review by Hillier and Bell (2007) outlines the different
microscopic morphologies associated with animals, and
how they differ from one another as well as from humans.
One success using microscopic identification has been its
application to the problem of identifying traded ivory. The
principal source for ivory is the elephant, either Asian or
African—or alternatively, from the extinct Pleistocene
mammoth. Although trade in Asian and African elephant
ivory is prohibited (with occasional internationally
permitted sales contradicting this statement), trade in
mammoth ivory is unrestricted, and its exploitation has
existed for centuries. Most mammoth ivory originates
from Siberian deposits (Bell L.S., 2011).

Vol. 13, No. 1, January-June, 2022 | The Scientific Temper

Available data, according to World Wild Life Crime
Report (2020) shows that poaching over the last decade
undoubtedly accounts for significant portion of wild
elephants killing, potentially resulting in some one
thousand metric tons of illegal ivory over the decade, or
an average of about one hundred tons per year. However,
it is submitted that honesty on the part of Investigation
Agency is pre-requisite while collecting the material
relating to evidence otherwise in case of absence of data,
no microscopy technique can be of any use.

C. Necropsy:
Necropsy is the animal equivalent of the human autopsy
and is performed by a trained veterinarian, with a subspeciality in pathology. It is included in the morphological
methods section since it is classically anatomical in nature,
and relies heavily on visual observation, radiography,
and microscopy (Cooper et al, 2008). Other tests may be
performed, such as toxicology and histopathology, but
it remains very much a visual hands-on investigation.
For wildlife crimes, the necropsy is important where
determinations of cause and manner of death are required.
In British Columbia, Canada, black bears are poached by
traffickers for their gall bladders, and their carcasses or
parts are subsequently illegally exported to China to supply
the traditional medicine industry. Using this example, a
necropsy can determine what organs have been removed
and also how that animal was killed. Depending on the
condition of the body a time of-death estimate might also
be made. This type of information is immensely important
to police investigators and to international organizations
attempting to localize traffickers and their methods. It is
also important forensic evidence for the court.

II. Chemical Methods:

Some of the important Chemical Methods are discussed
below:

A. Toxicology:
Forensic toxicology usually involves two separate efforts:
first, to identify chemical compounds that have been
synthesized from animals illegally; and second, to identify
poisoning, either deliberate or accidental. Analyses
usually involve thin layer chromatography (TLC) or
high-performance liquid chromatography (HPLC) and
are undertaken by specialist chemists. Samples are taken
either during necropsy or from confiscated organs/tissues
or other derivatives. One of the most well-documented
wildlife crimes is the slaughter of bears for their body parts,
particularly the gall bladders. The harvesting of bile from
bear gall bladders is an ancient practice in China, and the
bile is considered a potent healing ingredient in traditional
Chinese medicine. This potency has driven a black market
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trade in bear gallbladders from all over the world, and the
value of these organs has jumped significantly: in 1970 a
kilo of gall bladder cost US $200; today gall bladders can
trade as high as US $50,000 (Feng, 2009) .

B. Identification of Poisoning:
Where a poisoning incident has taken place and samples
are taken in a well-documented time-frame, it is often
possible to identify the poisoning agent. Validation
and verification are possible due to extensive chemical
reference libraries. However, the physiology of different
species and the degradation metabolites can make
identification more difficult. Vultures are under significant
threat in different parts of the world and deliberate
carbofuran poisoning of vultures in Kenya was detected
as toxic residues in beak, feet, muscle, and soil (Otieno et
al, 2010). Carbofuran is known to be highly toxic to birds
and is banned as an agricultural pesticide. But in Kenya
it is legally used for certain agricultural practices, plus,
in many countries, there is a general lack of regulation.
This poison is administered by baiting/lacing a carcass to
deliberately attract and kill secondary predators such as
vultures. This method has been documented and can cause
mass death of vultures from one carcass alone.
In Spain, a monitoring study revealed that targeted
poisoning caused a large number of vulture deaths
across the country, and the compounds found to be most
used were aldicarb (38.6%), carbofuran (31.3%), and
strychnine (16.6%) Hernandez (Hernandez et al, 2009).
The main motivation for this type of wildlife crime is a
desire to irradicate or reduce avian predator populations
who are deemed in competition with land owners and
farmers
C. Stable Isotopes:
Stable light isotope tracking of human and mammal
remains in geographic space which is also known as
biogeolocation, biosurveillence, and isoscapes. The
initial interest in this field was focused on reconstructing
past climate temperatures, where fossil mammal bone
and teeth were ulilized as proxy indicators of climate
temperature. Archaeologists adapted this temperature
relationship to answer questions concerning geographical
movement of past human populations (Bell et al, 2010).
Forensic science has a direct application for this type
of work, since knowledge of where someone lived
either months or years prior to death can help narrow a
missing-person search. The potential to expand this kind
of work into wildlife forensics is obvious (Aggarwal et
al, 2008) since it can address the question, “Where did
this come from?” and the jurisdictional implications that
go with that.
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D. Genus-Specific Peptide Markers:
An emergent archaeological method developed for the
identification of different mammal residues in potsherds
or recovered as bone fragments, could also be applied
to wildlife questions concerning identity (Buckley et al,
2009). The results indicate that this is a viable method
for separating species at the genus level, and managed
to successfully separate the difficult question mentioned
earlier: the differentiation of sheep and goat. The authors
make the point that this method might be used as an
alternative to DNA identification, where DNA might be
contaminated; or, as a method to monitor food authenticity.
Certainly, were these peptide markers expanded for more
mammals, this method would make a valuable addition to
solving problems concerning identity.
It may be noted that in some legal killing of wild
animals for subsistence may be legal but killing for
commercial purposes shall not be legal. Thus, scientists, in
order to know the answer of question “why animal died?”
or “how the animal died?” focus on cause or manner of
death or who did it, to find out the killer’s intent (A. Neme
et al, 2009).

3. Legal Aspect:
It is submitted that protection and preservation of
wildlife including all flora and fauna found in the forest
is the foremost task of Environmental Laws. Obviously,
any person who violates wildlife in any way deserve an
adequate punishment according to the provisions of the
specific given law, if any, else he must be brought to
justice under national criminal or civil law, provided that
such laws covering such an act as wrongs against wildlife.
India, as we all know it well, is a country always have
rich flora and fauna, yet, in the current time huge loss of
fauna occurred because of uncontrolled crime against
wild rampantly taken place all around the country. Now
government of India has established “Wildlife Crime
Control Bureau” having five regional offices in Delhi,
Chennai, Mumbai, Kolkatta and Jabalpur. Under section
38(Z) of the Wildlife (Protection) Act, 1972, it is mandated
to collect and collate the information against organized
wildlife crimes and share the informations with the States
so that the offenders may be apprehended in time.
Further, as everyone knows that Law is dynamic and
not static and therefore, as society evolves, law has to be
keeping in consonance with the changing social order. Law
is the instrument of societal change and the judiciary has
the responsibility of interpreting the law for the Greater
good (Bentham, 2000). Therefore, it is clear that the
judicial mind must stay in touch with fast developments
and keep ahead in taking the steps for the advancement
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of humanity. To combat organized environmental crimes,
its detection, investigation and prevention methods have
to be employed synchronously (Nathuni Yadav v. State of
Bihar) so that they all together yield effective results. If
criminals are using new technology, whether scientific or
not, in committing the crimes, the enforcement agencies
have to be used to the new techniques, as above-mentioned,
in solving such crimes. If the enforcement agencies do not
use these new technologies for solving such complicated
the crimes, it would be very difficult to detect the
perpetrators of such crimes. Therefore, in the context of
the changing organized modern criminal who are taking
shelters behind and making full use of new sophisticated
technologies. Krishna Iyyer J. Remarked, “the courts selfcriminate themselves if they keep the gates partly open for
culprit to flee the justice under the guise of interpretative
enlargement of golden rule of criminal jurisprudence
(Nandini Sathpathy v. P.L. Dani &Anr). As Anjum Parvez
et al,(2020) emphasis that modern technology, with its
rapid growth and development, has quickly made an inroad
in every aspect of human life, and many would agree that
task of solving the crime with the aid of technology is now
not an exception, it is submitted that same is equally true
about conservation and protection of wild animals where
technology can play a vital role.

4. Discussion
Identity of wild animals for the purpose of ensuring
their good health and nutrition is essential which
can be ascertained by applying scientific methods of
identification. Scientific methods of identification of wild
animals have been extensively used in Europe, and results
are very effective although for applying any scientific
method, only negative aspect emerge that is some pain for
certain small period of time may have to be bear by that
particular animal yet in the larger interest, it is submitted,
it is ignorable. Forensic Osteology is another important
technique where on the basis of remains of a dead animal
identity of that animal can be established.
However, shaving or cutting the fur or hairs of animal
is one of the good techniques of identification, but it works
only for short term as the removed fur or hair will again
grow in short period of time. It is indeed good for rodents,
but useless for the carnivorous animals. Felt Tip Marker
technique is better, but only on small animals like birds and
rodents (Hankenson et al, 2008). Subcutaneous Injection
of Ink as a permanent mark of identification ensures
permanent mark o animal skin (Leclerq and Reozenfeld,
2001), but sometimes, the ink cause reaction which may
be fatal in some cases. Same is true about making a Tattoo
mark. Ear Tagging has been proved effective in tracing
out the animals from bulk without coming into the contact
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with them (Hawkins et al, 2004).
Inserting the Microchip Transponder in the body of
an animal needs a small surgical operation of the animal
in which such chip is to be fixed, but, for this purpose
scientists need to make that animal tranquilized. Some
sort of pain will be inevitable for that animal consequent
to such surgical operation which he cannot communicate
to humans, but that is for the well being of that animal. All
these techniques are of great use when the animal is alive
and there will be vigil on his conditions of nutrition and
habitat. But even if animal has been hunted down by the
hunters, law needs to get the offenders nabbed and ensure
punishment for them because justice demands adequate
punishment for offenders in order to discourage them and
others from repeating the crimes against wild animals.
Stable isotopes present on animal remains pointing out
the traces of poison in the carcass, are of great relevance
before the court of law for establishing the cause of death
of that animal. Genus-Specific Peptide Markers have
been found very effective in ascertaining the specie of a
deceased animal.
But, in present day situations, D.N.A. Profiling of
animals have been becoming of great significance as it is
emerging as a reliable method of identification (Parvez,
Anjum and Sandhya Verma, 2018). In the opinion of
authors, D.N.A. Identification is the best method so far
available to the Wild life authorities and indeed the most
reliable. D.N.A. Sequencing and Automated Multiplex
Sequencing effectively determine the nucleic acid
sequence. (Parvez Anjum et al, 2020).
No doubt, the blend of law and science may be proved
revolutionary in conservation of forest resources provided
that sincerity on the part of law enforcement agencies is
shown. Further, for forensic methods we need to establish
many new forensic laboratories exclusively for animal
welfare, so that crimes against animals can be investigated
in effective manner.

5. Conclusion
At present forensic science is playing pivotal role in criminal
justice system, especially in the identification of victims
and accused. With the help of forensic science it becomes
possible to solve the crime and detect the criminal. It is
really very helpful to criminal justice system. As already
mentioned above, from the point of view of survival and
environment, all societies are undergoing through drastic
social changes all around the world, at a very rapid pace
as environmental awareness evoked in them as result of
intense use of social media platforms. Similarly, India has
also changed from a colonial subject race to a democratic
republic. Sizeable industrial complex has sprung up. The
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transport facilities have been revolutionized. There is a
growing shift from a rural society to an urban one. All
these alterations have made the old techniques of criminal
investigation obsolete. In the British days the police was
so much feared that once it had laid its hands upon an
individual, he would be compelled to ‘confess’ to any
crime , he may not have even known. The fear is vanishing
now. The use of ‘third degree’ techniques used in those
days does not find favor with the new generation of police
officers and judges.
The field of activities of the criminal is widening
day by day at a terrific rate. Formerly, the criminals were
usually local, now we find that national or international
criminal is a common phenomenon. Smuggling, drug
trafficking, financial frauds and forgeries offer fertile and
ever expanding fields. All this pose a serious challenge
before the law enforcement agencies as well as before the
Courts. Role of scientific experts in criminal investigations
become vital now as most of the crimes in modern times
need through and complete investigation beyond any
shadow of doubt. Thus, use of modern scientific methods
in investigation and collection of evidence in crimes
against wildlife is a well-come step.
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Abstract
Water supply is a daily necessity and key factor in human health and well being. The
International Standards for Drinking Water (WHO, 1.9 –7.1) status that water intended for
human consumption must be free from organisms and from concentrations of chemical
substance that may be a hazard to health, in addition, supplies of drinking water should be
as pleasant to drink as circumstance permit. Fluorosis, a slow, progressive, crippling malady
known to be prevalent in district in 15 centers city’s areas. It caused by the intake of water
contaminated with fluoride beyond the tolerable limits of 1.5 ppm. India is not the only country,
but several other are severely affected by the problem of fluorosis; which includes U.S.A.,
Morocco, Algeria, Libya, Egypt, Jordan, Turkey, Iraq, Iran, Pakistan, Kenya, South Africa,
China, Australia, New Zealand, Japan and Thailand etc. The concentration of fluoride is critical
for dental health in children too high a concentration of fluoride in drinking water can result
in dental and skeletal fluorosis in children, but a small amount is essential for the prevention
of dental caries. The desirable concentration varies with average ambient temperatures varies
with a average ambient temperature; 0.9-1.7 mg/L at 10oC, 0.7-1.2 mg/L at 20oC and 6-0.8
mg/L at 30oC, all concentrations, expressed as F. Physiological properties of fluoride have been
wall documented. In higher doses it may result in the manifestation of certain abnormalities,
including; motting of teeth, kidney damage and skeletal aberrations ranging from stiffness to a
permanent skeletal, aberrations ranging from stiffness to permanent, crippling skeletal rigidity.
Maximum ill effects detected in the neck, spine, knee, pelvic, shoulder and small joints of hand
and feet, producing pain and rigidity around the affected areas, restriction the movement. In
several cases of fluorosis, complete rigidity of joints in crippling deformity.
Keywords: Water supply, drinking water, fluoride, physiological properties.

INTRODUCTION
In recent past, evidences convincing soft tissue involvement
by fluoride have lead to certain vital information on fluoride
action on red blood cells as result of which the shape of
the RBCs get changed, which in turns are destroyed by the
body leading to low haemoglobin level. Acute abdominal
pain, diarrhea, constipation blood in stool, tenderness in
stomach, feeling of nausea, mouth sores, loss of appetite
are several gastro-intestinal problems associated with
fluorosis, along with neurological manifestations, like,

nervousness, depression, tingling sensation in fingers and
toes; excessive thirst and tendency to urinate frequently.
Sometime very painful skin rashes do occur, which are
allergic manifestation of excess fluoride ingestion.

PROPERTIES OF FLUORINE
It is estimated to be the 13th most abundant element in the
earth’s crust. Fluoride attracts calcium ions of bone and
teeth to from calcumfluo-roaptite crystals. Fluoride causes
a multiplicity of ill-effects on enzymes or proteins and
even on DNA molecule.
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Table-1.
Quality parameter

Suggested level of standards

pH

6.5 – 8.5

Dissolved oxygen

>2

Arsenic

<0.05

Lead

<0.05

Chromium (hexavalent)

<0.05

Cyanide

<0.2

Phenolic substances

<0.002

Chlorides

<1000

Total dissolved solids

<4000

E. coli count

0-10/100 ml

Turbidity

>5 unit – 25 unit

Salinity

<4000

Hardness (CO3- and HCO3- of
Ca++ and Mg++)

>50 (Soft)
<100 (hard)

Organic matter (vegetable
origin)

2000

Iron

>0.04-200

NaCl

400

FLUORIDE CONTAMINATION
Water, food, air medicament and cosmetics are the chief
sources of fluoride contamination. Water and food mainly
agricultural crops contaminated with fluoride as the earth’s
crust in India, is heavily loaded with fluoride containing
minerals/salts. Geological survey of India reveals that
Fluorite, Topaz, Appetite, Rock phosphate and phosphatic
nodule, Phosphorites are widely spread which contains
high percentage of fluoride, and leaches out which
contaminates water and soil. The intake of fluoride from
water ranges from 2.2 to 7.3 mg (0.5 to 0.32 mg/kg body
weight). Fluoride contents in different food items has been
studied in details by various investigators (Nanda and
Kapoor, 1971; Sengupta and Pa, 1971; Lakdawala and
Punekar, 1973; Nanda, 1972).
High alkalinity low calcium content in drinking water
and diet deficit in vitamins and mienrals are the main cause
of fluorosis afflictions. Incedence of tooth depay is reduced
when fluoride concentration in the water ranges from 0.71.5 mg/L (Goohart and Shils, Culp and Culp, 1974), air
temperature also affects this fluoride contents of the water
(USPHSDWS, 1962).
Drug containing fluoride: Sodium fluoride is
known to cause skeletal fluorosis, used in the treatment
for Osteoporosis. Ottosclerosis and Dental Caries,
Uninterupted and prolonged use of fluoride contamination
can lead to histologically pronounced signs of skeletal
fluorosis (Baud et al., 1982).

Industrial fluorosis: Industries that use fluoride are
aluminium, steel, enamel, pottery, glass, brick, phosphate
fertilizer, welding, Refrigeration, Rust removal, Oil
refinery, Plastic, Pharmaceutical, Tooth-paste, Chemical
and Automobile etc., which uses fluoride as raw material
in the manufacturing process of fluoride arises as a by
product or end product.
Fluoride – laden wastewater is discharged into the
environment by pesticide, disinfectant, wood preservation,
metal, and glass manufacturers (Wu, 1978). The greatest
amount of fluoride discharge into the environment
occurs during the mining of phosphate rock when silicon
tetrafluoride is freed and released is freed and released or
leached into nearby waters (Staeble, 1974; Marier, 1963;
Lundbergs, 1975).

TREATMENT TECHNIQUES
Best water supply is one which needs no treatment at all.
The trouble with treatment is that needs looking after. If
the treatment process, however simple it may be, does not
receive adequate attention, it will not function properly.
Inadequate attention may, in fact, lead to a positive danger
to public health. Treatment largely consists of preparing
good water by removal of undesirable substance by various
processes. Control measures include supply of water
with fluoride within permissible limit of 1.5 ppm either
providing alternative soruces free from fluoride or treating
fluoride contaminated water with the help of treatment
process, such as Nalgonda technique or activated alumina
process.
Over the past decade, much research has been carried
out on fluoride removal from drinking water in the country,
and several practical methods have been presented
(Xu, 1984): activated aluminin adsorption, bone chart
adsorption, chemical precipitation, electrocoagulation and
electrodialysis. Defluoridation methods can be divided
into 2 broad categories, namely (i) techniques based on
the addition of chemicals, and (ii) those based on ionexchange or adsorption principles (Benefield et al., 1982;
Schoemann and Botha, 1985).
Treatment techniques which have proven effective
or have reported potential for fluoride reduction are
coagulation/flocculation ion-exchange, reverse osmosis,
and reversible sorption onto activated alumina (Bellen et
al.). The removal technique which has proven to be most
effective is ion-exchange using activated alumina (Sorg,
1978). Activated alumina treatment is a sorption process
with ion-exchange as the primary driving forces.

With activated alumina

High selectivity of alumina for fluoride ions over other
anions in water, results high defluoridation capacity of
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alumina. Defluoridation takes place via adsorption process
following the Langmuir isotherm (Wu and Nitya, 1978a
and 1979b). Defluoridation by alumina is influenced by
the hardness of water, the presence of silicon and boron
compounds and the pH of the water. Cl and SO4 do not
affect the defluoridation capacity of alumina. The pH
of the solution should preferably be between 5 and 6
(Schoemann and Macleod, 1987; Choi and Chen, 1979;
Wu, 1978; Mazounie and Mauchet, 1984), because at pH
>7 silicate and hydroxyl ions become stronger competitors
than fluoride ions. The following steps can be identified in
the process of defluoridation by activated alumina:
1. Acidifying: Alumina. H2O + H2SO4 = Alumina.
H2SO4 + H2O
2. Ion exchange: Alumina.H2SO4 + 2F- = Alumina.
H2F2SO42-

3. Regeneration: Alumina.H2F2 +
Alumina.NaOH = 2 NaF + 2H2O

3NaOH

=

4. Neutralisation : 2Alumina.NaOH + 3H2SO4 =
Alumina.H2SO4 + Na4SO4 + 2H2O

With lime: Addition of lime to the water containing
fluoride results in the precipitation of insoluble calcium
fluoride according to the following reaction:
……. (6)
Ca(OH)2 + 2F = CaF2 + 2OHTo ensure proper fluoride removal, lime treatment
should be used in conjugation with other processes, for
example coagulation with other processes, for example
coagulation with alum.
With alum : Chemical precipitation of fluoride by
the use of multivalent metal ions has been investigated
by many researchers studied the use of filter alum for
reduction of fluorides from drinking water but the method
was not popularized because the requirement of alum dose
was high Nawlakhe (1974).
Defluoridation is very much effective if alum is
used with lime in a two step process. The first step is
precipitation cause by dosing with lime; while second step
is coagulation due to the addition of alum; which can be
expressed by the following reactions :
Al2(SO4)2 + 14H2O + 3Ca(HCO3)2 = 2Al(OH)2 +
3CaSO4 + 14H2O + 6CO2
Al2(SO4)2 + 14H2O + 6F- = 2AlF2 + 3SO42- + 14H2O
The best defluoridation is accomplished at pH between
5.5 and 7.5. All the 4 methods of defluoridation depends
upon the pH of solution, therefore, utmost care must be
taken in controlling the pH of solution.

CONCLUSION
The fluoride removal mechanism is a typical chemisorption
which is different from the one used for activated alumina.
Adsorption rate was considerable faster at the beginning of
the adsorption process, followed by a much slower porous
diffusion process. The adsorption was much more suitable
for treating high temperature geothermal water with high
fluoride content. It also had the advantage of reducing
turbidity, decolourizing, and removing iron from drinking
water.
The effect of temperature on the adsorbent performance
showed that the mechanism of the fluoride removal of the
new activated adsorbent is typical chemisorption, which
is different from that for activated alumina alone. When
influent contact the adsorbent in a slightly acidic medium,
complex reaction takes place between a part of the
activated alumina bonded to the surface of silica gel and
fluoride ions in the influent. The fluoraluminates produced
(ratio of every species with the fluoride content and pH of
influent) will bead-sorbed by unreacted activated alumina
and fluorophillic silica gel (Pitter, 1985). The reactions are
quite fast but they need a high activation energy to drive the
chemisorption. Therefore, the adsorption proceeds much
better at elevated temperature. The process of adsorption
after reaction, especially the process of diffusion of
fluorideions into micropores of the adsorbent; is rather
slow consequently, it becomes the rate controlling stop of
the whole adsorption process.
It appears that the single most important factor affecting
the fluoride is the alkalinity of the water. The optimum pH
for fluoride removal was shown to be about 6, above pH 6
and below 4, fluoride removal starts to decrease.
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Abstract
The study was carried out to investigate the spatial effects of industrial effluents on physicochemical properties of soil around the textile industrial area of Pali. The analysis of soil became
an apparent need for best agriculture practices. Textile industries discharge plenty of pollutants
that get mixed up with water bodies. These effluents contain largely alkalis, residual dyes,
soluble salts, organic carbons, oils and heavy metals etc. These water bodies are basically
the parts of Bandi River. The soil sites near to the end points or nearby points of this river
became polluted due to mixing of industrial effluents coming from textile industries located
nearby this river. When same wastewater is used for irrigation it adversely affects the soil
properties. Disposal of industrial waste is the major problem responsible for soil pollution. The
physicochemical analysis of soil was done for one year and present reveals that pH was found
more than standard levels and other parameters was found in higher concentration. Thus there
is need for treatment of textile effluent before they are discharged into the environment.
Keywords: Textile Industrial Effluents, physicochemical parameters, pollutants, soil etc.

INTRODUCTION
Soil is one of the vital resources on living planet Earth.
It is heterogeneous in nature. it plays a significant role in
growth of plants sustaining the biome with its natural flora,
fauna and indirectly endures the environs. At many places
of world including India this textile effluents disposed in
rivers are directly utilized for agriculture practices. When
such water used for irrigation, increases the level of soil
contamination. The use of effluents for irrigating agricultural
land is worldwide practice. It is especially common in
developing countries, where water treatment cost cannot
yet be afforded. the textile processing wastewater is the
most polluted sources among all industrial sectors. the
effluent released from different textile industries may vary
in composition according to their source of production.
This textile effluent not only contains the toxic substances
but it also has some essential nutrients. Micronutrients
are essential nutrients which required in very small
quantities for normal plant growth but in textile effluents
concentration of these micronutrients became higher due

to continuous accumulation of dyes and other reagent.
Essential macro and micronutrient present in effluent may
increases the soil fertility but due to the presence of higher
concentration of toxic substances it may reduces the soil
fertility and adversely affects the nearby agricultural lands.
Further presence of higher concentration of pollutants also
changed quality of water which does not support the best
agricultural yield. Effluents from the textile industries not
only manipulate the surface water quality but also affect
the underground water and soil productivity. Further,
continuous uses of this type of water for irrigation changes
the physicochemical properties of soil which affects the
agricultural productivity.

MATERIALS AND METHODS
Study area

The study area selected for the present research is located
in the Pali. It is located in Western part of Rajasthan, India.
Pali is lies between 25.77 degree North latitude to 73.33
degree East latitude. It has the largest number of dyeing
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and printing units. The Pali district situated near the bank
of Bandi River is highly polluted area as of established
textile industries. Bandi river is the major tributary of Luni
river and flows in almost east to west direction. bandi river
is latitude 25.15 degree and 25.55 degree; longitude 72.56
degree and 73.57 degree. Textile industries located in this
area discharge pollutants in Bandi River. This wastewater
when used for irrigation affects the quality of the soil of
the surrounding area. Study sites are abbreviated as S1
(Mandia Road industrial area, Pali), S2 (Punayta industrial
area, Pali), S3 (Naya gaon industrial area, Pali) and S4
(Sardar samand industrial area, Pali).

Sample collection

A total of 36 soil samples were collected from the above
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mentioned selected sites (S1-S4) for 9 parameters with the
help of hand trowel in plastic bags. These samples were
dried in oven for 4-5 hours at temperature 50 ̊ C. The
samples were analyzed for Physico-chemical properties
using standard procedures.

Chemical analysis

Collected soil samples were analyzed by studying various
parameters like pH, EC, Nitrogen, Phosphorus, Organic
carbon, Potassium, Zinc, Iron and Maganese. Analysis
of soil sample was done in the central soil and materials
research station, Department of water resources, river
development and ganga rejuvenation, ministry of Jal
shakti, New Delhi. Analysis was carried out as per the
standard methods.

Table 1 : Analytical results of selected soil samples of textile effluents with standard for industrial effluents.
Parameter

Site 1

Site 2

Site 3

Site 4

Mean

Standard

pH

9.25

7.28

7.85

8.24

8.15

6.5-7.5

EC µs/cm

1.03

1.25

1.33

1.82

1.35

>1

Nitrogen Kg/ha

185

178

190

169

180.5

250-00

Phosphorus
Kg/ha

25.36

21.49

28.96

24.23

25.01

23-56

Organic carbon % 0.25

0.39

0.31

0.41

0.34

0.5-0.75

Pottasium
Kg/ha

812.13

623.32

723.14

625.65

696.06

150-300

Zinc
mg/kg

0.489

0.569

0.535

0.478

0.517

0.6-1.2

Iron
mg/kg

4.652

4.855

4.369

4.758

4.658

4.5

Maganese
mg/kg

7.48

8.32

6.25

9.56

7.902

1.0

RESULTS
The analytical results of contaminated soils are given in
Table 1 obtained values of the parameters deviated from
the permissible limits for pH, EC, Nitrogen, Phosphorus,
Organic carbon, Pottasium, Zinc, Iron and Maganese.

pH

Soil pH is one of the most indicative measure of chemical
properties of soil. The pH values of collected soil samples
vary from 7.28 to 9.25. it suggest that the nature of soil
was alkaline. The mean value of pH was 8.15 which is
higher than standard.

EC

EC ( Electrical conductivity ) of soil samples varies from
1.03 to 1.82 µs/cm. EC values of the affected soil increased
by the increasing concentration of chemical salts released
from the textile industries. EC values was higher than
standard that means soil samples are highly unsuitable and
injurious for plants growth.

Nitrogen

Nitrogen is an essential macronutrient required for
stimulating plant growth. It is an important constituent of
all fertilizer formulations. Nitrogen is present in the form
of nitrate or ammonium which can be easily utilized by
plants. Samples investigated in present study contained
lower level of nitrogen than standard. It indicates the need
of using nitrogen based fertilizer.

Phosphorus

Phosphorus is a major macronutrient for the growth of
the plant but excess amounts of phosphorus enhances the
formation of algal blooms in water and depresses the soil
quality. The total phosphorus found in soils collected from
study areas was estimated between 21.49 to 28.96 kg/ha.

Organic carbon

Organic carbon has been used for evaluating fertility status
of soil. The values of organic carbon found between 0.25
to 0.41 %. Which was lower than standard ( 0.5 to 0.75
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%). It shows that the soil is unfertile for production due to
which, the plants cannot absorb all the available nutrients.
Hence, for improvement of soil fertility, it is necessary to
add organic manure.

Pottasium

Potassium plays an important role in protein synthesis and
maintaining water balance in plant. In this study, potassium
was reported in range of 623-812 kg/ha and it was found
higher than Standard values.

Heavy metals

The values of zinc in collected soil samples range from
0.478 to 0.569 mg/kg which is lower than standard values
(0.6 to 1.2 mg/kg).
The Iron content of collected soil samples ranges from
4.369 to 4.855 mg/kg. the mean value was 4.658 mg/kg
which was higher than standard value (4.5 mg/kg).
The manganese is found in collected soil samples in
the range between 6.25 to 9.56 mg/kg. the mean value was
7.90 mg/kg which was higher than standard value ( 1.0
mg/kg ).

DISCUSSION
The higher concentration of industrial effluents that mixed
up in the soil disturbs negatively the overall physicochemical properties. The textile wastewater should not
directly used for irrigation purpose. The present study
highlights that textile discharges mixed up with water
and turn it into misfit for irrigation. Moreover, organic
pollutants and industrial effluents adversely affect the soil
quality. The inherent soil parameters such as phosphorous,
potassium, Iron, manganese are found to be in higher
magnitudes that make them toxic. Therefore the overall
soil fertility decreases. Therefore some suitable approach
to detoxify wastewater must be applied for cost effective
and economically healthier crop yield.
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Abstract
Mere enumeration of Human Rights in any Charter or other document without effective
machinery for implementation of such rights or redressal in case of their violation would only
be a content of a paper document. Human Rights as developed in due course from case to case
includes the right to live with dignity and which further expanded to the right to self-development
so as to acquire dignified existence as a human being with at least human facilities is basically
ignited. May be it can be said that there being no provision or denial to have a provision to
enforce Human Rights or to get redressal on violation thereof itself may amount to the denial of
Human Rights. Although the Human Rights movement has been exercising profound influence
amongst the world community, the fight for human dignity has to be Universal the inherent
dignity of the human being exists regardless of his nationality or political status. There should
be universality about human rights which can make them a common concern for all
Isha vasyamadam Sarvam,Yatkincha jagatyam jagat;
Tena tyakten bhunjitha magrdhah Kasyasvidhanam.(Yajurved:40;1&Upnishad:version 1);
It means that all this is for habitation by the Lord,whatsoever is individual. Universe of
movement in the Universal motion.By that renounced thou shouldst enjoy;lust not after any
man’s possession. Meaning thereby whatever is there in the world that is imbibed with the
grace of Almighty. That need be enjoyed with the sense of renunciation, i.e. equal rights to
all mankind at large with morality as well as having force of law. Since social values are
undergoing rapid change, the law should be adaptable to the changing needs of society.
Keywords: Human Rights, Humanity, Implementation, Heed & Semblance

PROLEGOMENON
The conception of Human Rights is of Central importance
in the development of the modern world as well as
the modern society of different Nations of the World.
The English bill of rights, the American declaration
of Independence, the French declaration of the Rights
of Man and Citizen, Fundamental Rights of Indian
Constitution, developed from the concept of the Universal
Human Rights. Hindu ‘Dharm Shasthra’ in their wider
connotation enshrined Human Rights. The Dharma’ stands
for a specific state of mind that is responsive for one’s

sense of obligation & consciousness towards their needs
especially for basic requirements to live, such as food,
shelter, security etc.
“Ahar nidra bhayam maithunam cha Samanyametet
Pashubhinaranram
dharmohit
teshamadhiko
Vishesha
Dharmena
hinaah
Pashubhinaranram
Samaanah”(Subhashitan:Nitibachnam/HitoUpdesh).
Meaning thereby eating,sleeping,fear,compulsion;
these habits are common between human beings &
animals. It is Dharma i.e.Knowledge,which is additional
quality of human beings,without which he is same as
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an animal. In other words we can say that necessity of
food, sleep, characters of fear and sex are alike in men
& animals, but human being is endowed with special
attributes of ‘Dharma, this term not denoting to any
religious denomination like Vedic, Islamic Christian,
Buddha, Sikhism, Jainism, Zoroastrian etc. Here the word
‘Dharma’ stands for specific state of mind that is responsive
and responsible to one’s sense of Duty. Food is required
for up keep the body & mind. ‘Sound mind in a sound
body’ to enlive the physical existence that is Life ;proper
sleep helps to remove one’s fatigue and rejuvenated the
body after hard work both are essential for the very ethnic
bodily existence.
“Bubhukshitah Kim na karoti paapam ksheena naraani
SnKaruNaa bhavanti”(Subhashitan: Hito Updesh); that a
hungry person can commit any sin,and in such a situation
even weak person becomes very cruel. It means that no
chanting by hungry man, till hunger is subsided; these two
fundamental necessities go to create defensible rights of
not only procuring food but also clothes to cover up body
& shelter overhead, etc. including all human conditions to
live, not only to live but with human dignity. This right is
inalienably originating from the womb, remaining with a
corpse to the tomb.
Fear is the reaction, which we share with animals. It
is crude and slapdash. Sometimes it serves the purpose
of self-preservation but sometimes it does quite opposite.
Fear makes a man unwise in three departments of human
conduct-his dealings with nature, his dealings with another
man, and his dealings with himself, these reactions being
alienable and unavoidable, but associated integrally with
our mental makeup & built-up. Fear like pernicious poison
circulating quickly through the entire nervous system
paralysis will produce a quick sensation in some parts or
other of the human body. Great poet P. B. Shelly rightly
explained in poetic form:‘Nothing in this world is single, All things by Law
Devine;
In one another being mingle, Why not I wish thine?.
The requisite need of food, limited necessary of sleep
or rest, restricted emergence of fear& restrained use of
having bodily needs, have empowered all creatures to
sustain their lives, but man possesses a super controlling
power (Mind) that makes to realize one’s duty(Dharma)
which distinguishes him from beasts & other social
animals. Excess of every instinct may prove to be
dangerous such as excessive intake of food may give rise
to pestilence, sleep or laziness brings misfortune, excess
lust or creed leads to doom & fear invites death. No doubt
all beings are evolved from food need requisite rest, peace
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&nourish fear by nature but excess luxurious greedy
feeling makes sometimes insensible. The man is a rare
species, whose survival is precarious. The upright posture
freed his hands, his intelligence enables him to transmit
his experiences, gradually these two advantages give him
superiority over other social animals. Cordetan Smith has
indicated three kinds of men; man, woman, and tenors.
Etymologically ‘Man’ is derivative of’ Manus’; one who
bears ‘Mind’, denoting a male human being of any age;
the term ‘Women is rather a combination of Wo+Man;
‘Wo’ stands for ‘stops means which stops a man from
desperation as one’s mother, sister, wife, daughter etc. or
by virtue of a relationship created by law or assigned or
attained otherwise. The gender distinction has been done
away by use of the pronoun ‘he’ for criminal law at least &
in the administration of justice;
“Anuvandham Parijanya Deshkale Tatvatah;
Kalakaua Dandam Dandyet Patyet”
(Manusmriti:chap;viii)
Meaning thereby after considering consequents,
antecedents, age, character, the time & circumstances;
when the offence is alleged to have been committed, one
should award punishment. U/s 45 of Indian Penal Code;
denotes a ‘Life’ of human being unless contrary appears
from the context. Socrates (Philosopher)described ‘dignity
by enlarging it meaning “life means not only to live but to
live well”. Although the long infancy of a child prolongs
his dependence on parents unlike the animal world, but
man as a rational being endowed with a strong sense of
responsivity and responsibility does not remain satisfied
with his material existence; he wants to know & to
realize through its working; the real meaning of ‘life’ is
a perennial urge in men inspires him to indulge in great
creative activities with civilization & realize the value &
meaning through them.

PERSONAL LIBERTY AND HUMAN
RIGHTS
Personal liberty is corollary of right to life ;lies in the
hearts of man & woman & their offsprings; it is congenital
to them not created by any law or by any social institutions
for example:-right to communication & its privacy is an
integral part of right to life; one has got the right to transmit
messages or hold telephone conversation in privacy, which
forms the part of right to life as enshrined under article 21
of the Constitution as well as in Article 17 of International
Covenants on civil and political rights 1966;Universal
Declaration on human rights 1948 (12),Section 5 & 7 of
Telegraph Act 1885,which provides-”no person shall be
deprived of life and personal liberty except according to
the procedure is established by law”.
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When the liberty, within the hearts of human being dies,
there is no constitution, no law,no legal sanctions, even no
court can be of any use or help to restore it. The personal
liberty is not absolute, but is conditional by the personal
liberties of others. One may at liberty to stretch one’s hand
to any extent provided they do not reach the nose of the
bystander, who has got the right to keep the man stretching
his hands within his own bounds so that his own liberty
is not infringed personal liberties of certain persons are
subject to restrictions under article 19 of the constitution
imposed in larger interest of public. A person undergoing
rigorous imprisonment in jail may not be fettered to move
within jail boundaries but if he being a professional, he
cannot be allowed to continue his practice, while in jail.
He is at liberty either to acquire or dispose off his property
while serving incarceration. Article 22 of the Constitution
not only recognizes the evil of preventive detention
necessary but also provides for ascertain safeguards &
minimum procedure to be followed therefore the detenue
whose rights are infringed is entitled to know the grounds
of his detention at the earliest possible time & to make
representation against it. The subjective satisfaction of
the authority must be based on material grounds National
Security Act is the law claiming highest scores of detenues
under it. The subjective satisfaction may not be malafied
& without application of mind. The detention measures
may not be used to but subvert supplant or substitute the
punitive law of penal code.

INTERNATIONAL PERSPECTIVES
REGARDING HUMAN RIGHTS
On International level, perhaps for the first time, the general
assembly of United Nations made Universal Declaration
of Human Rights in 1948, Preamble of which begins with
saying“Whereas recognition of the inherent dignity and of
equal in alienable rights of all members of the human
family is the foundation of Freedom, Justice and Peace
in the World…..”.& the first Article saying “All human
beings are born free & equal in dignity &rights. They are
endowed with reason and conscience & should act towards
one another in a spirit of brotherhood”, & also adopted two
International Covenants with effect from 10 December
1948:
i) Civil, political and religious liberties to human
beings.
ii) Economic, social and cultural rights to all.
Covenants have laid stress on dignity and birth of
human person. “No discrimination on the basis of caste,
race, sex, language, religion, political or other opinion;
national or social origin, property, birth or status is
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permissible degrading punishment, arbitrary interference
with home, family or correspondence, prosecution etc.,
have been discarded. Each person should be considered
on his own merits and all deserves a chance to live a full
&happy life. Merit is not what is reckoned by one’s birth
but ought to be based on one’s dignity. Professor Laski has
rightly observed that “the merit of a child can be judged
from the environment in which he is brought up”.
United States of America can be designated as the
precursor of Human Rights in the present era. The very
term of human rights was introduced in the United States
declaration of independence in 1776 and the U.S.A.
Constitution embodies a ‘Bill of Rights’.
The U.N. Charter in its Preamble declared “We the
people of the United Nations determines….to reaffirm faith
in the Fundamental Human Rights itself i.e. the dignity &
equal rights of human beings”, whether their country is
large or small. Some of the key International Conventions
relating to Human Rights under the aegis of the United
Nations are :yy Genocide Convention 1948.
yy Four Geneva Conventions on Humanitarian Laws
of war (viz., treatment of prisoners, protection of
civilians in times of war 1949).
yy Convention on Status of Refugees 1951.
yy Convention on the Political Rights of Women
1953.
yy Convention relating to Stateless Persons1954.
yy Convention on the Elimination of All Forms or
Racial Discrimination 1965.
yy Convention on the Crime of Apartheid1973.
yy Convention on the Elimination of All Forms of
Discrimination against Women 1979, etc.
There has been challenging effluence in violation of
human rights all over the world; in spite of severe laws
on this point in some countries, none of them finds in
a position to cope with situation or to check this. What
to talk of world we boost to honour women folk have
been shown down by the disclosures made by Amnesty
International on women’s day (few years ago) that “more
than 50% of married woman in India are tortured by their
husbands for silly reasons. It is global problem; more than
40% women are reported being stopped, killed or sexually
abused for such reasons as their husbands dissatisfied with
their cooking, cleaning households or other motives”.
In some countries ‘mercy killings’ or ‘honour Killing
‘on the name of family honour is permissible; World Banks
figures escaped such countries with such pseudo beliefs
like neighbouring Pakistan, Iraq, Iran, Jordan & Turkey
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are the topmost list of honour killings. Females are killed
for fake shame on their families by their talking to males
or having sexual relations with other male outside marital
ties.

INDIAN PERSPECTIVES REGARDING
HUMAN RIGHTS
In India ‘the birth place of family concept ‘Vasudhaiv
Kutumbkam’ showing the highest degree of renunciation.
“Ishvashya Midam Sarvam, Yatkincha Jagatyam Jagat;
Tena Tyakten Bhunjitha Magrdhah kashyasvidhanam”
(Yajurved: 40;1 & Upnishad:Chap.1.); meaning thereby
‘All this is for habitation by the Lord,whatsoever is
individual. Universe of movement inthe Universal motion.
By that renounced thou shouldn’t enjoy;lust not after any
man’s possession’ & also recognized human rights with
certain reservations, but it’s own social structure is based
on chaturevarnes, which is still deep rooted in the social
structure of the country. This vast country of Manu-the
very first Law giver, qualified ‘human rights ‘with caste
& birth which dictated life & its activities for centuries
of first Dian sole at least. According to Justice Chaudhary
(Rtd Judge of A.P.High Court)”We have inherited a
stagment Hindu Society, where upward mobility has been
denied & forbidden for ages &where inequality has been
enshrined & enforced as a rule of life…...Roman Emperor
could have been a serf, a Pope could have been former
slave but in India is born into a caste & dies with his caste,
all his aspirations & abilities are buried with him’.
The short look at the above is that -Human Rights
represents claims, which individuals or groups make on
the society , they include the right to freedom from torture,
the right to life, inhuman treatment, freedom from slavery
& forced labour, the right of liberty & security, freedom of
movement with choice of residence, right to fair trial, right
to privacy, freedom of thought, conscience &religion,
freedom of opinion and expression, the right to marry &
form a family, the right to participate in one’s government
either directly or indirectly through freely elected
representatives, the right to nationality and equality before
law-these rights cannot be compromised universally.
The concept of Human Rights Falls within the
framework of Constitutional law and international law,
for this purpose it has been identified to “defend by
institutionalized means the rights of human beings against
abuses of power committed by the organs of the State and
at the same time to promote the establishment of human
living conditions and the multi-dimensional development
of human personality “.
A. LEGISLATIONS RELATING TO HUMAN
RIGHTS: Being a member of many International
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Conventions, Indian Parliament has enacted several
legislations, to give effect to its commitment towards
Conventional scenario, are as follows-:
i) Protection of Civil Rights Act 1955.
ii) Bonded Labour (system) Abolition Act 1976.
iii) Indecent Representation of Women (prohibition)
Act 1986.
iv) National Commission for Women act 1990.
v) National Commission for Minorities act 1992.
vi) Transplantation of Human Organs act 1994.
vii) Pre-Natal Diagnostic Techniques (Regulation and
Prevention of Misuse) Act 1994.
viii) Person with Disabilities (Equal Opportunities,
Protection of Rights& Full Participation) Act
1995, etc (4)
Several other legislations relating to workers, women
& environment were also made by Parliament on the
footsteps of International Conventions. Parliament also
amended, in order to confer Indian citizenship (Indian
mother) to a child born outside India; this effort was
done to grant women equal right with men regarding
the nationality of their children. The apex court also
observed that “the courts must forever remain alive to the
international instruments/ conventions & apply the same
to a given case when there is no inconsistency between
the international norms and the domestic law occupying
the field.”
B. INDIAN CONSTITUTION REGARDING
PROTECTION OF HUMAN RIGHTS: Some of
the human rights which have been proclaimed in the
Universal Declaration, International Covenants and have
been specifically enumerated in Indian Constitution are;
Right to life and liberty, Right to Equality, Freedom of
expression, movement, association, Right to equal pay
for equal work, Right to livelihood, Rights of workers
etc. While some of the human rights which have not been
specifically enumerated but they have been recognized &
declared by superior judiciary (Indian)-authentic part of
existing fundamental rights viz; Right to go abroad, Right
to legal Aid, Right to speedy trial, Right to privacy, Right
to business to be treated with humanity, Right to know,
Right to shelter, Right to compensation for violation of
human rights etc.
C. THE
NATIONAL HUMAN
RIGHTS
COMMISSION (NHRC): The NHRC which was
established on 12 Oct, 1993.Its Statute is contained in the
Protection of Human Rights Act, 1993. The Commission
is an embodiment of India’s concern for the promotion
and protection of Human Rights. The commission has
a wide mandate including Civil and Political Rights,
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Economic, Social and Cultural Rights and Group Rights.
The function of the Commission includes inquiring on
petitions, presented to it by the victims, or any person on
their behalf, into complaints of violation of human rights,
or negligence in the prevention of such violation, by a
public servant; intervening in any proceeding involving
any allegation of violation of human rights pending before
a Court with the approval of such ‘Courts’ undertaking
& promoting research in the field of ‘Human Rights’ is
spreading ‘Human Rights Literacy’ amongst various
sections of society and promoting awareness of of the
safeguards available for the protection of these rights
through publications, media advertisements, seminars and
other available means.
ASSESSMENT OF THE WORKING OF NHRC:
The main lacuna of the commission is that it does not
enjoy any power beyond making reports after investigating
the case situations & cannot take action directly. It can
only recommend and the Government ‘may ‘or ‘may
not’ accept its recommendations; simply it means that
the NHRC has only the visible teeth for Human Rights
violators because it’s recommendations are not binding on
the Government, so the making of rules for protection of
human rights, according to the need of human beings is
still a day dreaming.
According to the NHRC’s reports, the commission
received approximately 17 lakh complaints almost
70000 or 5oooo are filed every year, more than half are
dismissed by the Commission & over approximately
40%of all cases pertain to complaints against police,
followed by human rights violations in jail, Thana etc.
The Commission has also in certain matters, especially in
respect of action taken by armed forces against terrorists,
seems to be taking one-sided view. It’s report always
highlights the excess committed by armed forces as well
as police administration & never emphasizes the excesses
committed by the terrorists, criminals or law breakers.
Although the NHRC has rendered a signal service
for the cause of protection, promotion & observance of
human rights, especially in the field of civil liberties such
as in the field of prevention of custodial death, rape &’
torture. The NHRC has also proposed certain amendments
to Improve its functioning:yy Encompass all paramilitary forces under the
preview of of NHRC.
yy NHRC Chairperson to be a part of the Committee
to select its members.
yy The Commission to be empowered to recruit its
own investigating staff.
yy All States to appoint State Human Rights
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Commission. Defaulters like UP and Bihar are
today the major contributors of complaints.
yy NHRC’s annual report to be tabled in Parliament
within three months of its submission. If the
Government fails to do so, the Commission
should be allowed to go public with the report.
yy To confer greater financial autonomy on the
NHRC.
D. JUDICIAL APPROACH FOR PROTECTION
OF HUMAN RIGHTS: The fundamental rights inscribed
in part III echo the values of Covenant on Civil and
Political Rights, while the provisions of part IV (Directive
Principles of State policies) read in the light of the Preamble
are, succulent with the economic and social concerns of the
ECOSOC Covenant. Part IV-A (Fundamental Duties) goes
further into ecological & environmental justice, gender
justice and jurisprudence of compassion and common
brotherhood. Comment of Hon’ble Justice V.R. Krishna
Iyyer on above context is highly appreciable “Textually,
we have a constitution which is fragrant with humanism,
socialism, democracy, people-oriented mandates with a
benign slant towards the suppressed human sector & the
development paradigm committed to abolition of poverty
and promotion of have-nots to a status of equality, for
variety of reasons the Indian State has committed itself to
the essentials of the International Bill of Human Rights”.
The resolution of the judges of Common Wealth
Countries also affirmed the importance of importing, by
interpretation, the values enwombed the U.N. instruments
on human rights into domestic laws or can say- an
obligation on member countries, to bring the ‘Corpus juris
of the country into row with the norms/ideas laid down
in Bangalore Principles (1988),as far as possible. Judicial
Activism by India’s Superior Court i.e. Supreme Court ,on
this count is remarkable some land mark judgments are as
follows:yy The International instruments came for
examination by the Courts in India in its earlier
decisions (ADM Jabalpur vs Shukla, (a) the higher
Judiciary opined that the remedy for breaches of
International law in general is not to be found in
the law courts of the State because International
law ‘per se’ or ‘proprio vigore’ has not the force
or authority of civil law, till under its inspirational
impact and actual legislation is undertaken.
yy In Jolly Verghese case (b), the issue was whether a
judgement-debtor could be arrested and detained
in prison in execution of a money decree, or for
failing to fulfil contractual obligations, while
Article 11 of the Covenant on Civil and Political
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Rights prohibits so, section 51 of the Indian Civil
Procedure Code authorizes so. The Supreme Court
observed “India is a signatory to this Covenant
& Article 51(c) of the constitution obligates the
State to foster respect for International law and
treaty obligations in the dealings of organised
peoples with one another. Even so, until the
Municipal Law is changed to accommodate the
Covenant what binds the court is a former or not
the latter”.
yy In Francis Coralie vs Admn,UT of Dehli (c),the
Supreme Court read Article 7 of the Covenant
on Civil & Political Rights & held that “the right
to live with basic human dignity was implicit in
the right to life guaranteed under Article 21 of
the Constitution & it includes the right not to
be subjected to torture or to Cruel, Inhuman or
Degrading punishment or treatment”.
yy The Supreme Court in a number of decisions
has ruled that-even in the absence of Parliament
legislations under Article 253 implementing
International Covenants to which India is party,
the provisions of such covenants, as are “not
inconsistent with the Fundamental Rights & the
harmony with its spirit, must be read into those
provisions to enlarge the meaning & content…
”and that “the executive power of the Union under
Article 73 is also available till the Parliament
enact legislation….”
The Supreme Court of India has cleared on
above cases that if there is confliction between
the provisions of an International Conventions &
Indian Constitutional laws, undoubtedly the latter
will prevail. If there is no conflict & the relevant
provisions relating to fundamental rights are of
wide amplitude to encompass the provisions of
International Conventions, their help can be
taken for interpreting Constitutional provisions.
Supreme Court, again clearly mentioned in A.K.
Chopra (d) case that “The courts must forever
remain alive to the international instruments/
conventions & apply the same to a given case
when there is no inconsistency between the
international norms and the domestic law
occupying the field”.
yy Vishaka vs State of Rajasthan (e), landmark mark
decision/strict directions to union government on
women harassment at workplace, the apex Court
also observed that “Gender equality includes
protection from sexual harassment & right to
work with dignity, which is a universally accepted
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yy

159

basic human rights. In the absence suitable
domestic legislation in this sphere, International
Conventions / Norms, so far as they are consistent
with the Constitutional spirit, can be relied on,
viz. Convention on the Elimination of all forms
of Discrimination against Women, Article 11,2224”.
The concepts ‘the right of life’ ‘personal liberty’
and ‘procedure established by law’ contained in
article 21 of the Constitution after a long period
added new meaning i.e. “Right to life with human
dignity “through constitutional interpretation
culminating in the landmark decision in Menka
Gandhi VS Union of India(f), where the supreme
court held that the right to life and personal liberty
guaranteed under article 21 can be infringed
only by a ‘just, fair and reasonable’ procedure.
Minor Interpretation of legal and constitutional
provisions slowly gave way to a more liberal
interpretation that kept in view the purpose of
constitutional guarantees. Holding initially as
generating procedural justice, the highest court
of the country later widened the scope, tailoring
more substantive rights to life into Article 21.
Thus the right to life is not confined to mere social
animal existence, but extends to the right to live
with basic human dignity vis a vis right to health
& other hygienic conditions.
In Chhetriya Pardushan Mukti Sangarsh vs State
of Uttar Pradesh (g) Justice Sabyasachi Mukerjee
observed-” Every citizen has a fundamental right
to have the enjoyment of quality of life and living
as contemplated in Article 21 of the Constitution
of India”.
Right to life was also extended in Consumer
Education & Research Centre vs Union of
India(h), to social security, human conditions
of work &leisure of workmen, by the prior
decisions on wider meaning to right to life &on
the relationship between Fundamental Rights &
Directive Principles were quoted to emphasise
the duties of the State or an Industry, private or
public, to promote health of workmen as the basic
essential to live with ‘health & happiness’, for
achieving these, the Court also issued appropriate
directions to concerned Authorities.
Justice K.N. Singh observed the concept in a
more vivid manner in Subhas vs State of Bihar
case(i) that ‘Right to live…. includes the right
to enjoyment of pollution free water & air for
full enjoyment of life”. The ‘full enjoyment of
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life’ can be possible only when every citizen is
secured & satisfied with their basic requirements
as well as with their social security in the form of
Fundamental Rights which is given to them by
Supreme Law of the land i.e. Indian Constitution .

PROTECTION OF HUMAN RIGTHS IN
INDIA
‘In 1992, U.N. Commission on Human Rights adopted
the consensus resolution known as ‘Paris Principles’,
articulates the status &’ responsibilities of national
institutions for the protection & promotion of human
rights. These principles explained following necessary
measurements for the independence & effectiveness of
National Human Rights Institutions:
i) Independence through legal& operational
autonomy.
ii) Independence through financial autonomy.
iii) Independence through appointment & dismissal
procedures.
iv) Independence through pluralism of composition.
In India, while following the above principles; as
an autonomous national institution for the protection of
human rights-The NHRC has an important role to play
in preserving the Government ratify and enforce human
rights tools. The Human Rights Act also provides for the
establishment of ‘State Human Rights Commission ‘,
which ‘maybe constituted by State Government, only 12
States has established such Commission! Above Act also
provides establishment of Human Rights Court at District
level, whose establishment process is still unsatisfactory
according to the prevalent need of Indian society.

HEED
Mere enumeration of Human Rights in any Charter or other
document without effective machinery for implementation
of such rights or redressal in case of their violation would
only be a content of a paper document. Human Rights as
developed in due course from case to case includes right
to live with dignity and which further expanded to right
to self development so as to acquire dignified existence as
a human being with at least human facilities is basically
ignited. May be it can be said that there being no provision
or denial to have a provision to enforce Human Rights or
to get rederssal on violation thereof itself may amount to
denial of Human Rights.
Although the Human Rights movement has been
exercising profound influence amongst the world
community,the fight for human dignity has to be Universal,
the inherent dignity of the human being exists regardless
of his nationality or political status. There should be

universality about human rights which can make them a
common concern for all mankind, keeping in mind that
what ever is there in the world that is imbibed with grace
of Almighty. That need be enjoyed with the sense of
renunciation,i.e.equal rights to all mankind at large with
morality as well as having force of law. Since social values
are undergoing rapid change, law should be adaptable to
the changing needs of the society.
Justice is the main part of socio-economic development
of the society & is also the global challenge to judiciary
for dispensation of human related issues in present
scenario.V.Thant, then Secretary General of United Nations
in Stockholm appealed -”Like or not we are travelling
together on a common planet and we have no National
alternative but to work together,to make an environment in
which we can live a full & peaceful life”. Only the Judicial
system of all Nations have the capability to provoke
Executive & Legislative authorities for implementation.
The order passed by superior courts has made tremendous
progress in its elaboration and exploring humanitarian
rights because law not only derives its force from its
formation but from its interpretation, implementation &
applications throughout societal changes and variations.
Although that pro-human & collective welfare approach
has not been visible for past decades yet whatever different
implementing authorities/agencies has done so far should
be considered as a boon for Common man and hence it
is recommended that implementing authorities must make
arrangements, according to their liabilities/responsibilities
for ensuring the Human Rights to everyone in India as
well as in different countries of the world.

SEMBLANCE & EPILOQUE
Human Rights are recognised by International law
sanctified, protected and guaranteed by Constitutional
law and enforce processed by the procedural law of the
land. National Human Rights Commission through the
executive machinery of the state explores the complaints
preferred against infringement of such rights and Supreme
Court of India under article 32 of the Constitution various
High Court under Article 226 by the extraordinary writ
jurisdictions afford protection to those rights and reject the
subordinate judiciary in appropriate cases to adhere to the
established norms and statutory procedure to ensure the
fair and impartial trial to violators of human rights and
allow humane treatment to the victims.
The United Nations have the impressive record in
setting the norms of human rights& for setting up the
International & Regional machinery for their observance/
enforcement, their violation are rampant. This requires
some political will & concerted efforts at the Regional,

Implementation of Human Rights: An Universal Challenge Towards Humanity

National and International level by the concerned Country
with perennial vigilance. Though the concept or ‘domestic
jurisdiction’ has not remained absolute in the matter
of human rights violations, the national sovereignty is
still a formidable obstacle in the enforcement of human
rights. Furthermore, the protection of human rights is
closely dependent upon many other factors too because
the International Court of Justice is not a human rights
court in the contemporary sense of that term, therefore the
World Court’s Statute should also be suitably amended to
cognize human rights questions by modifying its Article
34 which says that “only States may party before the
Court”. Ian Martin, the than General Secretary at Amnesty
International, 1986-1992, rightly remarked on this context
that“The human rights movement should itself give equal
priority to economic, social and cultural rights together
with civil and political rights. It should search for ways to
play a prominent role in the future in the monitoring and
implementation of economic, social and cultural rights as
it has in the past in the monitoring and implementation of
civil and political rights”. It is time to wakeup & realise
that we all are the part of problem not part of solution. It is
we, our societies, our political systems, laws & values that
are turning the civilized humans into criminals, anti-social
elements & terrorist. I would conclude with reference to
what a Philippine Jurist of eminence, Jose W. Dioke, once
observed;
“No cause is more worthy than the cause of human
rights. Human Rights are more than legal concepts: they
are the essence of man. They are what make man human.
That is why they are called human rights; deny them and
you deny man’s humanity”.
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