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ABSTRACT

Background: Trigonella foenum graecum (TG) Linn. (Methi) is widely
used as a spice and known for its pharmacological properties.
Objective: The current study was conducted to examine the efficacy of TG
Linn., family: Fabaceae, against sodium arsenite-induced toxicity in mice.
Materials and Methods: Sixty mice (Mus musculus) weighing about 25 g
were randomized into six groups; each of ten mice: Group | served as
untreated control; Group Il received only sodium arsenite (100 ppm) in
drinking water for 2 months. The Group Il mice fed chronically with sodium
arsenite for 2 months as in Group Il and then fed a vehicle of 1:20 alcohol to
distilled water (1:20) for 15 and 30 days, respectively; Group IV to VI mice
were treated as in Group Il and then fed with 50, 150, and 250 mg/kg of TG
seed extract, once daily for 15 and 30 days. Results: The IC,; of the seed
extract was 66.78 ug/mL, and it reduced the activities of toxicity marker
enzymes such as gamma glutamyl transferase, lactate dehydrogenase,
lipid peroxidation, aspartate transaminase, alanine aminotransaminase,
acid phosphatase, alkaline phosphatase, and pro-inflammatory cytokines
such as tumor necrosis factoralpha and interleukin-6 (P < 0.05 to
P < 0.001) and elevated the activities of catalase, superoxide dismutase,
and G6PD (P < 0.05 to P < 0.001), a similar trend was also noted with
hematological variables. Further, the normal architecture of the kidney
was retained in the TG-fed series than arsenic (As)-treated series. Urinary
excretion of As was high in treated groups compared to controls (P < 0.05
to P < 0.001), and 150 mg/kg dose offered better protection than the other
two doses. Conclusion: TG seed extract has revealed potent antioxidant
properties and consequently can be used as a protective agent in
As-induced toxicity.
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SUMMARY

* |n the present manuscript, the authors have investigated whether ethanolic
seed extracts of Trigonella foenum graecum can modulate sodium
arsenite-induced toxicity in Swiss albino mice by taking into account several
biomarkers of toxicity such as enzymatic and hematological parameters.
Further, histological and immunological parameters were also investigated.
In addition, we also analyzed phytoconstituents present in the extract which
might be responsible for the removal of arsenic from various tissues. The

INTRODUCTION

Trigonella foenum graecum Linn. (Fabaceae) (TG), commonly known as
fenugreek or “Methi” in vernacular language, is a popular spice in the
Indian subcontinent and an important constituent of certain traditional
medicines. The leaves of the plant are a rich source of f-carotene,
vitamins, iron, and calcium.!"! Chemopreventive properties of Fenugreek
seeds have been reported earlier by various investigators.**! Numerous
studies hypocholesterolemic, antidiabetic,
immunomodulatory, antifungal, antibacterial, and strong allelopathic
activities of fenugreek extract have also been demonstrated.*'"! Trigonella
seeds contain predominantly pyridine alkaloids (choline, trigonelline,
and gentianine), flavonoids (quercetin, luteolin, and vitexin), and amino
acids (histidine, lysine, and 4-hydroxyleucine), which was reported by
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results obtained from the above-stated parameters and also acute and
subacute toxicity studies revealed that the extract of the seeds has the
potential to be used against sodium arsenite-induced toxicity in mice.

Ethanolic Seed extracts of Fenugreek (Trigonelia
JSoenum graecum)
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Trigonella foenum graecum against sodium arsenite induced toxicity in mice

Abbreviations used: TG: Trigonella foenum graecum; GC-MS: Gas
chromatography-mass spectrometry; TNF: Tumor necrosis factor;
IL: Interleukin; DPPH: 1,1-diphenyl-2-picrylhydrazyl; G6PD: Glucose
6 phosphate dehydrogenase; GGT. Gamma glutamyl transferase;
LDH: Lactate dehydrogenase; LPO: Lipid peroxidation; AST. Aspartate
transaminase; ALT: Alanine aminotransaminase; ACP: Acid phosphatase;
ALP: Alkaline phosphatase; CAT: Catalase; SOD:
Superoxide dismutase; As: Arsenic; Alc: Alcohol.
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other investigators.'""*) Reduction in oxidative stress in experimental
rats and their ability to act as a good galactagogue have also been
reported earlier.""'¥ In recent years, there is a growing trend of using
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natural compounds from plants and other natural resources, particularly
those having known antioxidative properties, in combating various
toxicity-related problems and diseases. Therefore, this plant has received
considerable attention in recent years, but so far, the extract has not
been tested for its possible protective ability against arsenic (As) toxicity,
which has already became a menacing problem due to groundwater
contamination in parts of India, Bangladesh, and some twenty other
countries.

In fact, a high amount of As found in groundwater in deltaic
environments is now rapidly spreading in many parts of the world."*?
Among the As-affected deltaic environments, the Indo-Gangetic is
the worst in terms of human exposure covering a large geographical
area. As-related health problems in the Indo-Gangetic plains have been
reported by different research groups; however, till date, there is no
remedy for treating arsenicosis in the orthodox medical system.?>*
Several investigations involving plant extract, ayurvedic medicines, and
homeopathic drugs have claimed to provide considerable relief against
As-induced toxicity.”*! Orthodox medicines such as British Anti
Lewisite (a dithiol compound), diethylenetriaminepentaacetic acid,
and dimercaptosuccinic acid (DMSA) have so far been unsuccessful
to treat As-intoxicated patients in view of the harmful side effects
of their own. Hence, there is a need for exploring alternative agents
which are inexpensive, are easily available, and are affordable by the
affected common masses. Thus, the search for suitable plants and their
natural compounds is gaining increasing importance in scientific
communities, particularly in view of the toxic side effects of most of
the synthetic drugs tested so far. In continuation of our earlier works
regarding the efficacy of various plant extracts against various types of
induced toxicity, % the present study is designed to evaluate whether
the ethanol seed extract of TG can modulate sodium arsenite-induced
toxicity in mice.

MATERIALS AND METHODS

Experimental design

The study was conducted on random bred Swiss albino mice weighing
about 25 g body weight under the supervision of the Institutional
Animal Ethical Committee (1973/GO/Re/S/17/CPCSEA date 19/7/2017,
Ministry of Environment and Forest, Government of India). Sixty inbred
mice (Mus musculus) were randomized primarily into the following
groups: Group I consisting of ten mice served as untreated control;
Group II consisting of ten mice received only 100 ppm sodium arsenite
in drinking water for 2 months. The Group IIT mice fed chronically with
sodium arsenite for 2 months as in Group II and then fed a vehicle of
alcohol (Alc) to distilled water (1:20) for 15 and 30 days, respectively;
Group IV to VI mice were treated as in Group II and then fed with 50,
150, and 250 mg/kg of TG seed extract, once daily for 15 and 30 days.
The mice treated with 100 ppm sodium arsenite for 2 months received
three different doses of TG seed extract at two different fixation intervals.

Preparation of the Trigonella foenum graecum seed
extract

The seeds were collected from the local market of Midnapore
Municipality, West Bengal, India, and identified. A voucher specimen
has been deposited at the Botany department (V-1239 MDC/2014)
for record. Sundried grounded seeds (100 g) were extracted in 90%
ethanol (the ratio of plant material to solvent was 1:10 m/v). The
extraction was carried out at 50°C with constant stirring for 24 h. The
extract obtained was evaporated to dryness and stored at 4°C until
required. The yield of the dried seeds was 12.94% which was calculated
by the following equation: Yield (g/100 g of dry plant material) =
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W1 x 100/W2, where W1 and W2 represent the weight of the extract
after evaporation of solvent and the weight of the dry plant material,
respectively.

Acute and subchronic toxicity studies

Groups of six mice each were fed with four doses of the ethanol seed
extract, namely, 100 mg/kg, 200 mg/kg, 500 mg/kg, and 1 g/kg/day
separately. Signs of general toxic effects such as weight loss, death, and
abnormal behavior, if any, were observed up to 96 h after feeding for acute
toxicity study. Further, for subacute toxicity studies, TG seed extract
at doses of 1.2, 1.5, and 2.0 g/kg was orally administered to separate
groups of six mice each once daily for 2 months. Toxic manifestations
such as weight loss, seizures, death, and behavioral changes, if any, were
monitored on a daily basis. At the end of 60-day period, the mice were
euthanized, and macroscopic observations of heart, kidney, liver, and
test were also monitored.

Preliminary phytochemical screening

The phytochemical screening for flavonoids, alkaloids, tannins,
carbohydrates, reducing sugars, glycosides, and steroids was analyzed by
routine procedures.!!

Antioxidant activity (1,1-diphenyl-2-picrylhydrazyl
free radical scavenging activity) of ethanolic extract

The antioxidant activity of the TG seed extract was
conducted on the basis of the radical scavenging effect of the
stable 1,1-diphenyl-2-picrylhydrazyl (DPPH)-free radical activity.*?! The
solutions of the test extracts were prepared in ethanol. Ascorbic acid was
used as standard in 50, 100, 150, 200, 400, 600, and 800 ug/ml solution.
0.002% of DPPH was prepared in ethanol, and 1 ml of this solution was
mixed with 1 ml of sample solution and standard solution (ascorbic acid)
separately. These solution mixtures were incubated in dark for 45 min,
and optical density was measured at 517 nm (Shimadzu UV-1800,
Japan). Ethanol (1 ml) with DPPH solution (0.002%, 1 ml) was used
as blank. The optical density was recorded, and the antioxidant activity
was expressed in terms of IC_ (concentration of the extract/reference
compound required to inhibit DPPH radical formation by 50%). All the
values are the mean of three independent measurements.

Blood sampling and hematological and
biochemical investigations

Blood was collected from retro-orbital plexus of mice, and serum was
obtained from blood without ethylenediaminetetraacetic acid (EDTA)
by centrifugation for determination of creatinine, bilirubin, gamma
glutamyl transferase (GGT), and lactate dehydrogenase (LDH)
activity following the method of Bonsnes and Taussky, Jendrassik
and Grof, Szasz, and Gay.’**! Blood with EDTA samples was used
for the determination of G-6PD activity as described by Lowe et al.l*”
Liver tissue of sacrificed animal was quickly isolated and separately
processed. Briefly 50 mg of the liver tissue was homogenized in 10
mL of phosphate buffer and centrifuged at 7000 g for 15 min in cooling
centrifuge (C-24BL, REMI, Instruments, India) for the analysis of lipid
peroxidation (LPO) as described by Buege and Aust,”**! aspartate and
alanine aminotransferase (AST and ALT) by the method of Bergmeyer
and Brent,®*! acid and alkaline phosphatase (ACP and ALP) by the
method of Walter and Schutt,*!) catalase (CAT) according to the method
of Sinha,” and superoxide dismutase (SOD) following the method
of Kakkar et al.*! Before carrying out the enzymatic estimations, the
quantitative estimation of total protein was conducted by Lowry et als
procedure.!
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Determination of hematological variables

Hemoglobin (Hb) content (mg/dL) was determined with the help of an
hemometer (Marienfield, Lauda-AKonigshofenAA Germany). For blood
glucose estimation, standard glucose test kit was procured from Span
Diagnostics Limited, Gujarat, India, which followed the method of
Kaplan.!*” Blood urea and nitrogen (BUN) was measured by the method
of Wybenga et al. with the kit supplied by Reckon Diagnostics Pvt.
Limited, Vadodara, Gujarat, India)."*!

Determination of pro-inflammatory cytokine tumor
necrosis factor-alpha and interleukin-6

The serum levels of tumor necrosis factor-alpha (TNF-o) and
interleukin-6 (IL-6) were determined by using the ELISA kit (R and D
Systems, Minneapolis, USA) according to the procedure recommended
by the manufacturer.

Procedure for histology

For the preparation of histological slides, the routine technique of
paraffin sectioning of Feldman and Wolfe was followed (kidney being
the major target organ of sodium arsenite) with hematoxylin and eosin
staining at day 15 and day 30 only.!*"!

Determination of arsenic from various tissues

As contents in various tissues (liver and kidney), urine, and blood were
determined by a Perkin Elmer Analyst (AA200) Cleveland, USA) atomic
absorption spectrophotometer adopting the standard AAS protocol.
Each of the urine and blood samples (100 pL) and 1 mL of tissue
homogenate were taken separately into 25-mL volumetric flask, to which
5.0 mL of a mixture HNO,:HCIO:H,SO, (3:1:1) was added and kept for
predigestion for about 2 h. Subsequently, the flasks were heated at 300°C
on a sand bath. The digestion continued until a colorless liquid (0.5 mL)
was obtained. All samples were performed in triplicate except blood and
urine samples which were performed in duplicate due to less availability
of the test materials.

Gas chromatography-mass spectrometry analysis of
Trigonella foenum graecum seeds

Gas chromatography-mass spectrometry (GC-MS) analysis of ethanol
TG seeds was conducted by a gas chromatograph coupled to a mass
spectrophotometer equipped with a fused capillary column, Model
No. Agilent 190915-433 CA, USA (HP-5MS, 0.25 mm x 30 m x 0.25
um). Mass spectra were obtained by EI at 69.9 eV over the scan range m/z
50- 500 amu. The carrier gas was helium (99%) with a constant flow rate
of 1 mL/min. The volume of the sample injected was 5 uL in GC-grade
ethanol with an average velocity of 37 cm/s. The initial temperature of
the column was 50°C for 5 min and then, it was programmed to 280°C.
The total GC running time was 28 min.

Statistical analysis

Statistical comparisons were made between the positive control + Alc
groups to that of TG-fed group. The significance of difference between
data of the different groups was calculated by Student’s t-test. ANOVA
(SPSS 10.0 software, (SPSS Inc., Chicago, IL, USA)) was used to
compare multiple groups and differences within the groups, and
these were also tested for multiple comparisons by Tukey’s honestly
significant difference test. Because the results were more striking, we
mainly focused to analyze more critically the results obtained in only
As + Alc-fed series and As + TG fed at a dose of 150 mg/kg (positive)
and inclined to highlight these results more than that of the other doses
used and included data leaving aside those of the other doses in the table
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to avoid complexity; otherwise, it would have made the data look more
cumbersome rendering relatively greater difficulties in data comparison
and analysis. During observation and analysis of data, the observers were
kept “blinded” without having any idea whether the samples belonged to
the treatment or control groups.

RESULTS AND DISCUSSION
Acute and subchronic toxicity studies

From the result of the acute and subchronic toxicity studies of ethanolic
extract of TG seeds in mice, no mortality was observed in any test group
in 96 h up to 2 months of follow-up period. On careful daily cage-side
examination, no clinical sign of toxicity was encountered in acute and
subchronic treatment, and there was no behavioral change in mice that
were exposed to different concentrations of ethanol seed extract of TG.
The weight of mice that had undergone acute and subchronic toxicity
exposure also did not vary significantly as compared to those of untreated
controls. Behavioral patterns such as salivation, sniffing, corner sitting,
and muzzing of 2000 mg/kg treated animals were relatively differentiable
when compared to that of normal controls. Further, no macroscopic/
microscopic changes were noted in the liver, kidney, and spleen of mice
treated with TG seed extract in relation to the control group [Table 1].

Preliminary phytochemical screening

Analysis of the ethanolic extract of TG seeds reveals the presence of
flavonoids, alkaloids, tannins, carbohydrate, reducing sugars, glycosides,
and steroids [Table 2]. The presence of alkaloids and flavonoids was
more glaring when compared to other compounds as revealed from the
color intensity denoted by +. DPPH is used to explore the scavenging
activity of compounds which are obtained from natural sources. Figure 1
indicates the radical scavenging property of TG seed extract. The IC,
value in the present investigation was 66.78 ug/mL.

Table 1: Mortality and symptoms of mice treated with various concentrations
of ethanolic extract of Trigonella foenum graecum in acute and subacute
toxicity studies

Dose/day Mortality =~ Symptoms within 1-2 h
after administration of TG

Acute toxicity study (96 h)

100 mg/kg 0/6 Nil

200 mg/kg 0/6 Nil

500 mg/kg 0/6 Nil

1000 mg/kg 0/6 Nil
Subacute toxicity study (60 days)

1200 mg/kg 1/6 Nil

1500 mg/kg 0/6 Nil

2000 mg/kg 0/6 Salivation, corner sitting,

drowsiness, and sniffing
each other

TG: Trigonella foenum graecum

Table 2: Preliminary phytochemical screening of Trigonella foenum graecum
seed extracts

Chemical compounds Seed extracts of TG
Flavonoids +++
Alkaloids ++++
Tannins ++
Carbohydrates +++
Reducing sugars ++
Glycosides ++

Steroids +

TG: Trigonella foenum graecum, +: Minute, ++: Less abundant, +++ and ++++:
Much abundant
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Comparison of different biomarkers of toxicity

Theactivity of GGT was more in only As-fed seriesand As + Alc-fed series
at both fixation intervals when compared to normal and As + TG-fed
series. TG fed at 150 mg/kg appeared to show more modulating effect
when compared to other two doses at both the fixation intervals which
were statistically significant (P < 0.05) [Figure 2]. A similar trend was also
noticed when comparing the data of LDH activity. LPO was also high
in both only As-fed series and As + Alc-fed series; however, As + TG
at 150 mg/kg treatment offered better protection when compared to
the other two doses at both fixation intervals (P < 0.001) [Figure 2].
A similar observation was also noted when comparing the mean
activities of AST and ALT [Figure 3]. On analysis of the results of ACP
and ALP, it was noted that there was an increase in the activity of both
the enzymes in liver tissues in As-fed series and As + Alc-fed series
when compared to normal and other treatment series at both fixation
intervals. Although there was a decline in activity in As + TG-treated
series (at all three concentrations), it was not statistically significant.
The activity of CAT was high in normal control mice when compared
to only As-fed and As + Alc-fed series. However, treatment with TG
seed extract appeared to modulate the CAT activity when compared
to As-fed series and As + Alc-fed series. From the investigation, it
was revealed that the dose of As + TG at 150 mg/kg appeared to
offer better protection as compared to the other two doses, which
was statistically significant at both the fixation intervals (P < 0.05 to
P <0.001) [Figure 3]. Oral administration of sodium arsenite decreased
the SOD activity in As-fed and As + Alc-fed series when compared to
TG treatment series at both the fixation intervals. Further, it was noted

—e—AA
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250 | —e—TG 150
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=
2 200 ——TG 250
e
=
= 150
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50
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Figure 1: Percentage inhibition of alcoholic seed extract of Trigonella
foenum graecum against ascorbic acid standard

HAs 100 H As+Ale

= Normal

As+TG50 WAS+TG 150 As+TG 250

GGT15d GGT30d LDH15Sd LDH30d LPO15Sd LPO30d CAT15d CAT30d SOD1Sd SOD30d

Figure 2: Mean activities of GGT and LDH (IU/L) in the serum, and LPO (nM
MDA/g of tissue), CAT (nmH,0, decomposed/min/mg protein), and
SOD (n moles of CDNB conjugated/min/mg protein), activities in the liver
of different treated and control series at 15- and 30-day fixation interval.
GGT: Gamma glutamyl transferase; LDH: Lactate dehydrogenase; LPO:
Lipid peroxidation; CAT: Catalase; SOD: Superoxide dismutase. *P<0.05,
**P<0.01, n=non-significant
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that As + TG at 150 mg/kg offered better protection when compared
to 50 and 250 mg/kg. Administration of As + TG at 150 mg/kg
resulted in increased activity of SOD when compared to As + Alc-fed
series at both the fixation intervals and the increase was statistically
significant (P < 0.001) [Figure 2].

Comparison of hematological variables

There was a decrease in the mean activities of G6PD in mice fed only
As and As + Alc at both the fixation intervals when compared to
normal controls and mice treated with As + TG extract, which was
statistically significant. However, when the activities were compared
between the treated groups, it was found that treatment with 150 mg/
kg offered better protection than the other two doses, i.e., 50 and 250
mg/kg, and also when compared to Alc-fed series (P < 0.01) [Figure 4].
The creatinine content steadily increased from 15- to 30-day treatment
intervals in only As-fed and As + Alc-fed series when compared to
normal and other treatment series, which was significant. Although
administration of TG at all concentrations reduced the activities of
serum creatinine, analysis of the data revealed that TG treatment at
150 mg/kg concentration offered the maximum protection, which
was statistically significant when compared to As + Alc-treated
series (P < 0.05 to P < 0.01) [Figure 5]. A similar trend was also noticed
with regard to bilirubin content [Figure 5]. There was a decrease in
Hb concentration in only As-fed and As + Alc-fed series at both the
fixation intervals when compared to normal mice; however, there was
a slight increase in Hb concentration in the mice fed with TG extract,
though it was not statistically significant [Figure 4]. The levels of serum
urea and BUN also showed a similar trend which declined significantly

1 = Normal
mAs+Ale
5 AS+TG 150

®As 100
As+TG 50 n
As+TG 250

AST15d AST30d  ALTI1Sd  ALT30d ACP1Sd ACP30d ALP1Sd  ALP30d

Figure 3: Mean activity of AST, ALT (mM/min/mg in different tissues),
ACP, and ALP (mM phenol liberated/100 mg protein) in different treated
and control series at 15- and 30-day fixation interval. AST: Aspartate
transaminase; ALT: Alanine aminotransaminase; ACP: Acid phosphatase;
ALP: Alkaline phosphatase. *P<0.05, **P<0.01, n=non significant

= Normal HAs 100 = Ast+Ale

As+TG 50 HAs+TG 150 As+TG 250

G6PD15d

G6PD30d Hb15d Hb30d UREA15d UREA30d BUNISD BUN30D

Figure 4: Mean activities of G6PD (U/g Hb), hemoglobin content
(mg/dL), serum urea, and blood urea and nitrogen (mg/dL) of mice in
different treated and control series at different fixation intervals. *P<0.05,
**P<0.001, n=non significant
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on treatment with TG seeds [Figure 4]. The levels of blood sugar were
appreciably high in only As-treated and As + Alc-fed series when
compared to normal controls at both the fixation intervals. However,
it was reduced significantly in As + TG treated at 150 mg/kg body
weight when compared to only As + Alc-fed series, vehicle of the
plant extract, and also when compared to TG 50 mg/kg body weight
(b. wt) and 250 mg/kg-treated series (P < 0.05) [Figure 6].

Comparison of pro-inflammatory cytokines

In the present investigation, the TNF-o and IL-6 production decreased
in mice treated with different doses of TG at 30-day fixation interval
when compared to only As-fed and As + Alc-fed mice. However, in
all the groups, the production of both the cytokines was appreciably
high when compared to normal controls [Figure 7]. The dose of 150
mg/kg of TG seed extract appeared to offer better protection when
compared to the other two doses. Due to insufficiency of blood from
As + Alc group, we could not ascertain the cytokine determination at
day 15 interval which was admittedly a lacuna for reasons beyond our
control.

Histological observations

The histology of normal untreated kidney at day 30 [Figure 8a]
showed all typical features of the kidney; because renal tissues were
primarily involved in As elimination, it was of interest to see if the
normal architecture was retained in the treatment series. A decreased
cellularity of the glomeruli as well as edema was found in some
epithelial cells treated with only As [Figure 8b]. Some interstitial
cells also showed marked edema. A similar trend was also observed
in the kidneys of mice treated with As + Alc [Figure 8c]. However,

= Normal
As+TG 50

®As 100 H As+Ale

0 BAS+TG 150 = As+TG 250

CREA1Sd

CREA30d BIL15d BIL 304

Fixation interval

Figure 5: Mean activities of creatinine (mg/100 mL) and bilirubin (mg/
dL) of mice of different treated and control series at different fixation
intervals. *P<0.05, **P<0.01, n=non significant

mNormal ®As 100 mAs+Ale AstTGS0 ®mAs+tTG150 = As+TG 250

SUG1Sd

SUG30d
Fixation intervals in days

Figure 6: Mean activities of blood sugar (mg/dL) at 15 and 30 days in
treated and control mice. *P<0.05, n=non significant

$390

edema decreased considerably in interstitial and epithelial cells, and
the normal glomerular structure was found to be fairly retained in
kidney sections when the mice were treated with different doses of TG
extracts [Figure 8d].

Analysis of the presence of arsenic

Data on deposition of As in various tissues are provided in Figure 9. It
was observed that amount of deposition of As in liver was significantly
high in only As-fed and As + Alc-treated mice when compared to
As + TG-treated mice. Further analysis of the urine revealed that the
concentration of As removed via urine was more in As + TG-fed mice
when compared to only As-fed and As + Alc-fed mice, which was
statistically significant (P < 0.01) [Figure 9]. Urinary As concentration
increases significantly after treatment with both doses of TG seed extract
when compared to only As-fed and As + Alc-fed series as revealed in the
present investigation (P < 0.05 to P < 0.001). When data of mice fed with
different concentrations of TG extracts were compared, it was revealed
that the 150 mg/kg b. wt treatment appeared to have significantly greater
efficiency in the removal of As when compared to that of the other two
doses.

= Normal mAs 100
u As+Ale As+TG 50
B As+TG 150 " As+TG 250

Concentrationpg/ml

30D
Fixation intervals

Figure 7: Effect of ethanolic seed extract of Trigonella foenum graecum on
pro-inflammatory cytokine in arsenic-treated mice and suitable controls
at 30-day fixation interval (pg/ml). *P<0.05, **P<0.01

Figure 8: (a) Histological sections of untreated kidney where normal
architecture was retained with intact glomerulus present (x40). (b) A
decreased cellularity was observed, and edema was also evident in the
epithelial cells in mice treated with only arsenic at day 30 (x40). (c) A
decreased cellularity of glomeruli was observed, and marked edema was
also evident in kidney of mice treated with only arsenic + alcohol at day
30 (x40). (d) Normal architecture of glomeruliwas retained, and less edema
was also evident in kidney of mice treated with only arsenic + Trigonella
foenum graecum (150 mg/kg body weight) at day 30 (x40)
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Characterization of gas chromatography-mass
spectrometry analysis

GC-MS results revealed the presence of several phytochemicals as listed
in Table 3. We have found several useful compounds such as phytols
and sterols such as campesterol, stigmasterol, lupeol, tetradecanal, and
hexanoic acid.

DISCUSSION

In the present investigation, we have demonstrated the modulation of
sodium arsenite-induced toxicity in mice by administration of various
concentrations of TG seed extract by taking into consideration several
biomarkers of toxicity. On analysis of the several parameters, it was
revealed that there was a significant increase in several biomarkers of
toxicity in only As-fed and As + Alc-treated series when compared to
TG-treated series. The seeds of fenugreek have been successfully used
to treat a number of ailments/diseases in the Indian system of medicine,
but, unfortunately, its proven efficacy against As toxicity had not been
documented earlier, which incidentally happens to be a significant
finding in view of the rapidly spreading menace of groundwater As
contamination. As toxicity due to chronic groundwater poisoning has
started taking its huge toll by causing a variety of diseases of the dermal,
cardiovascular, nervous, hepatic, hematological, endocrine, and renal
systems, which is a major problem in Bangladesh, India, and many other
countries.*® As is a ubiquitous metalloid found in soil, surface water,
and groundwater, but its environmental concentration increases due
to natural or anthropogenic sources and once the external and internal
symptoms, collectively called arsenicosis, start to manifest, there is
hardly any effective medicine found in the orthodox or Western medical
system to combat and reverse the effects. Further, poverty, being another
major concern of the population of these regions, prevents them from
taking expensive medicines or creating amenities necessary for avoiding
contaminated water completely. One major cause that can be attributed
to the devastating effects of chronic As feeding is its ability to generate
reactive oxygen species (ROS), which in turn is involved in oxidative
damage to DNA, protein, and lipids, and this ultimately leads to cell
death.*’ It has been reported by several authors that oral administration
of inorganic As on entering the body of animals is methylated to several
metabolites, mainly dimethylarsinic acid which is eliminated from the
body via urine.*®*! The results of the present study are very encouraging
because posttreatment of TG seed extracts favorably modulates As
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toxicity to a great extent as the TG seeds are easily available, are
relatively cheap, and are thus affordable by a larger section belonging
to the economically weaker echelon of the common people living in
As-contaminated zone. As per results of the present investigation, the
dose of 150 mg/kg TG seed extracts appears to offer better protection
when compared to the other two doses.

Thiobarbituric acid reaction substances (TBARS) is a diagnostic index of
LPO which is mainly due to oxidative stress and an increase in LPO at
both fixation intervals in only As-fed and As + Alc-fed mice. This would
clearly indicate how adversely the normal metabolic processes can be
disrupted by As intoxication. TG seed extract can effectively decrease the
activity of LPO, possibly owing to the presence of phenolic compounds
and flavonoids in TG extract which act as scavengers of oxidizing
molecules including singlet oxygen and free radicals.

To the best of our knowledge, this is the first study that demonstrates the
modulating potentials of TG seed extract against As-induced toxicity in
mice. In As-fed and As + Alc-fed series, there was an elevated level of
AST, ALT, LPO, LDH, and GGT activities. In the present study, there is an
increase in the CAT and SOD activities with a concomitant decrease in
AST, ALT, LDH, LPO, and GGT activities at both fixation intervals in the
TG seed extract-fed series. There are numerous scientific evidences that
showed that As inhibited glucose-stimulated insulin secretions because
As targets specifically B-cells, thereby inhibiting their ability to respond to
glucose in blood."*? Further, previous research showed that As decreases
heme metabolism resulting in lower Hb concentration; our findings also
corroborated well with the findings where Hb concentration was lowered
in As-fed and As + Alc-fed mice, which was reversed in the treatment
series.*” Incidentally, till now, there are no evidence-based treatment
regimens to treat chronic As poisoning although some chelators such
as DMSA and diethylenetriamine-pentaacetic acid have been tested
without any proven success.***”) Further, the chelators being toxic by
themselves and also being relatively expensive can only have a restricted
use. Of the different phytochemicals detected in the TG extract [Table 3],
quite a few compounds are known for their reducing effects on toxicity.
Presence of calyculaglycoside A in the extract might be responsible
for the anti-inflammatory effect of the whole extract on the kidneys;
further, isocubenol was also present in the extract which is a potent
phytoconstituent that blocks the production of several pro-inflammatory
mediators.”® It has been reported earlier that calyculaglycoside A
inhibits the synthesis of prostaglandin PGE2 and leukotriene, suggesting
that it is a nonselective inhibitor of 5-lipoxygenase and cyclooxygenase
pathways.” Treatment with the extract containing such components
may have an anti-inflammatory effect on the kidneys. Carvacrol is a
monoterpene phenolic constituent of essential oils which is also present in
huge amount in the extract and is a potent anti-inflammatory substance.
Carvacrol is reported to inhibit hypernociception by inhibiting migration
of neutrophils and cells involved in the production of pro-inflammatory
cytokine such as TNF-o. and a decrease in prostaglandins.®¢! Similar
decrease in TNF-ou production after treatment with the extract of TG
in the present investigation might be due to the presence of carvacrol.
Cytokine response to inflammation is a complex phenomenon
and also depends on inflammatory stimuli®® Thus, presence of
the abovementioned compounds in the ethanolic extract might be
responsible for the inhibitory effect on TNF-o. and IL-6 production.*!
Intriguingly, TG seeds offered a significant protection against As-induced
elevation of blood glucose levels and also blood As levels (P < 0.05 to
P < 0.001); it might be that extract of TG seeds inhibited As-mediated
signal transduction pathways by inhibiting As-induced generation of
ROS. Further, the phytoconstituents which are present in the extract have
the ability to remove As from the binding sites, which has been reported
earlier by other investigators.
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Table 3: Gas chromatography-mass spectrometry data of ethanolic seed extract of Trigonella foenum graecum compared to Wiley 7n. 1 database and the
compounds listed

PK RT Area Pct Library/ID-Wiley 7n. 1 database

1 6.9986 0.1062 Benzoic acid, 2-amino-, phenylmethyl ester

2 7.2217 0.1883 Calyculaglycoside A

3 7.3133 0.2303 2-methylbutanoic acid

4 8.1029 0.1037 Pentanoic acid

5 8.2116 0.2503 1,2-Ethanediol

6 9.5506 0.0982 Isopentyl hexanoate

7 10.7293 0.101 2-Propen-1-amine, N-ethyl- Allylethylamine

8 12.1312 0.062 1-Isopropyl-2,2-dimethylpropylideneamine

9 13.4701 0.6156 Imidazole, 4-fluoro-1-methyl-5-carbhydrazino-

10 15.1467 0.0962 Tetradecane

11 15.7532 0.2061 5,5-Dimethyl-3-pyrazolidinone

12 16.1709 0.1054 N-FORMYLPROLINE METHYL ESTER
13 16.2968 0.1927 ISO AMYL BUTYRATE

14 16.5485 0.1815 Tributylamine

15 17.1493 5.5985 2,4-Dimethylpyrrole

16 18.0305 0.4996 MEGASTIGMATRIENONE 2

17 18.2651 0.2059 Propanedioic acid, diethyl ester
18 19.152 2.0299 SILACYCLOPENTANE-1,1-D2
19 19.461 4.2996 Ethyl. alpha.-d-glucopyranoside
20 19.5068 1.1743 Thiophene, Thilane, Thiolane $ Thiophane THIACYCLOPENTANE
21 19.6499 1.2799 Butanoic acid, $$ n-Butyric acid

22 19.7014 1.2545 Methyl. beta.-D-ribopyranoside $$ Ribopyranoside
23 19.7357 1.4731 Heptanoic acid (CAS) $$ Heptoic acid

24 19.8101 2.2676 beta.-D-Glucopyranoside

25 20.0447 8.3194 Ethyl. alpha.-d-glucopyranoside

26 20.491 0.8103 MOME INOSITOL
27 20.6741 0.8297 1,2-Benzenedicarboxylic acid, dibutyl ester
28 20.7599 1.1847 9,11-Octadecadiynoic acid, 8-hydroxy-, methyl ester

29 20.8457 1.7756 1,8-Dioxacyclohexane-2,10-dione, 5,6:12,13-diepoxy-8,16-dimethyl-
30 21.1318 0.4944 Hexadecanoic acid, methyl ester, Palmitic acid methyl ester

31 21.5209 0.1747 Propane, 1,2,2,3,3-pentachloro-1,1-difluoro-

32 21.6583 1.3041 n-Hexadecanoic acid

33 21.7441 0.2311 1-Nonadecene

34 21.9959 0.863 2-chloro-1,8-dihydroxy-5-methoxy-6-methyl-9H-xanthen-9-one

35 22.1618 0.1803 2-Methoxy-1-oxaspiro [4.4] nonane

36 22.6825 0.0441 Phosphonic acid, [1-[(trimethylsilyl) amino] ethyl]-, bis (trimethylsilyl) ester
37 22.7626 1.1647 9,12-Octadecadienoic acid, methyl ester

28 22.8313 1.1189 9,12,15-Octadecatrienoic acid, Ethyl Linoleolate

29 22.9343 0.256 Phytol

40 23.0201 0.203 Stearic acid methyl ester

41 23.2032 1.0975 Dodecanamide, N-(2-hydroxyethyl)- (CAS) $$ N-(2-HYDROXYETHYL)-LAURAMIDE $$

42 23.3863 9.5035 Linoleic acid ethyl ester

43 23.4607 49127 9,12,15-Octadecatrienoic acid, ethyl ester, (Z, Z, Z)- $$ Linolenic acid, ethyl ester $$ Ethyl cis, cis, cis-9,12,15-octadecatrienoate
$$ Ethyl linolenate

44 24.4163 0.2454 DODECANE, 6,6-DIDEUTERO-

45 24.5421 0.1127 D-Glucitol, 2-(acetylmethylamino)-2-deoxy-3,6-di-O-methyl-, 1,4,5-triacetate

46 24.6623 0.0483 10,11-dihydro-5H-dibenz[b, f] azepine-2-carboxaldehyde $$ 5H-Dibenz[b, f] azepine-2-carboxaldehyde, 10,11-dihydro- (CAS)

47 24.7195 2.393 3-Heptadecenal

48 24.7539 0.8071 9-(Isopropoxycarbonyl) phenanthrene

49 24.7939 2.0648 1-Benzoylamino-5-piperidinyl-1-(4-bromophenyl)-pentane

50 24.9484 1.524 Dodecanamide, N-(2-hydroxyethyl)

51 25.1716 0.2688 NORDEXTROMETHORPHAN

52 26.2816 0.1278 2-Acetyl-3-ethylpyrazine $$ Ethanone, 1-(3-ethylpyrazinyl)-

53 26.3503 1.8714 1,1,1”-Trimethyl-2,2’:5,2”-tetrapyrrole $$ 2,2’:5,2”-Ter-1H-pyrrole, 1,1,1”-trimethyl- (CAS)

54 26.5391 0.5583 1H-Indene, 2-butyl-5-hexyloctahydro- $$ Bicyclo[4.3.0]nonane, 8-butyl-3-hexyl- $$ 2-n-Butyl-5-n-hexyl-(hexahydroindan)

55 26.5906 0.1248 Di-n-octyl phthalate

56 27.3173 0.2255 Campesterol $$ Ergost-5-en-3-ol, (3. beta.,24R)- $$ Campesterin

57 27.6492 0.1337 6.beta. -Acetoxy-6,7-dihydro-2,3,9,10-tetramethoxy-7. alpha.-vinyl-5H-dibenzo[a, c] cycloheptene-5-one

58 27.7579 4.2918 9,12-Octadecadienoic acid (Z, Z)-, 2,3-dihydroxypropyl ester $$ Linolein, 1-mono-

59 27.8151 1.7494 9,12,15-Octadecatrienoic acid, methyl ester, (Z, Z, Z)- $$ Linolenic acid

PK: Peak; RT: Retention time; Area Pct: Area (%)

The people living in high-risk As zones, particularly in the developing can be discovered and implemented. Further, it is well known that diets
countries, are in dire need of some non-toxic remedies which can at  rich in plant products are protective against various kinds of ailments;
least give them some interim relief measures till more effective measures  their protective ability has been attributed to the antioxidants such as
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flavonoids and polyphenolic compounds. In the present investigation,
we also found the presence of flavonoids and polyphenols which might
have the capability to detoxify As-induced toxicity and may be due to
a number of phenolic hydroxyl groups attached to the ring structures
of flavonoids. The ability of flavonoids to scavenge hydroxyl radicals,
superoxide anion radicals, and lipid peroxyl radicals is important for
inhibiting diseases associated with oxidative cell membrane damage
and damage to proteins and DNA, thereby making it a good candidate
for their health-promoting functions in vivo. TG seeds have numerous
pharmacological properties which had also been reported by some other
workers.!"” The dose recommended for use in mice in this investigation
can be extrapolated in humans affected with low-grade chronic As
poisoning as TG extract itself did not show any harmful effects even
on chronic feeding for a long time, excluding the possibility of its own
harmful effects on humans as well. Some authors also demonstrated the
inability of TG extract to show any behavioral, cytotoxic, or genotoxic
effects as reported by us in this study. Further, the ethanol extract of
TG seeds increased the activity of SOD and CAT at both the fixation
intervals. SOD quickens the dismutation of superoxide to H,O, which
prevents the generation of free radicals and CAT that in turn catalyzes
the removal of H,0, formed during SOD catalyzed reaction. The decrease
in SOD and CAT activity in As-fed and As + Alc-fed series at both the
fixation intervals could be due to generation of free radicals as a result of
As toxicity, which in turn decreases the activity of CAT.

Ithasbeenreported by other workers also that the main constituents of the
fenugreek extracts are polysaccharides, saponins, flavonoids, trigonelline,
and choline. Polysaccharides act as modulators of carcinogenesis and
stimulate macrophages.®¢! To sum up, the modulations of As-induced
toxicity as noted in the present investigation may be due to the combined
action of phenolics, flavonoids, and polysaccharides.® The protective
ability of co-administration of Vitamin C and Vitamin E against As
toxicity, i.e., hepatotoxicity and hematoxicity, has been reported by
others.”l Recent studies also revealed that o-lipoic acid mitigates As
trioxide-induced hematological abnormalities, and also concurrent
administration of Vitamin A protected As-induced uterine toxicity
in Swiss mice.l®®! Patra et al., 2005, reported modulation of black tea
extract in As-induced toxicity.””! On the other hand, Adetutu et al., 2004,
reported reduction of micronucleated erythrocytes in mice intoxicated
by As when posttreated with Hibiscus sabdariffa extract.”!! Scientific
works by other investigators revealed that Mentha piperita reduced the
toxic effects of sodium arsenite-induced hepatopathy and also have
hepatoprotective potentials.”? Similarly, Barai et al., 2007, reported that
As-induced toxic effects were ameliorated by dietary supplementation of
Syzygium cumini leaf extract.”!

Although DMSA and DMPS are used as chelating agents for the treatment
of metal toxicity, they have some limitations such as redistribution
of toxic metal to other cells and organs; essential metals such as zinc,
copper, and iron are lost along with toxic metals; and toxic metals are
not removed from intracellular sites. Further, it has been well known that
chelation therapy causes hepatotoxicity, nephrotoxicity, and increased
blood pressure; therefore, alternative agents with minimal side effects
are warranted.”*”!

In the present investigation, GC-MS analysis revealed the presence
of phytols, lupeol, campesterol, and stigmasterol, of which phytol is a
precursor of Vitamin E which is an antioxidant. Lupeol, on the other
hand, has anticancerous and anti-inflammatory properties, probably due
to the positive modulation of As-induced toxicity or may be due to the
combined action of these two compounds.

Pharmacognosy Magazine, Volume 15, Issue 66, October-December 2019 (Supplement 3)

CONCLUSION

Thus, though the precise mechanism of the ameliorative action of TG
seed extract is not yet clear, it can be safe to conclude that the combined
actions of all the ingredients contribute collectively to their protective
effects against As toxicity. Further works are in progress to assign the
extent of specific/relative roles played by individual phytochemicals
found in the TG seed extract.
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In recent times to address the energy issues, the use of microalgal feedstock as third generation biofuel has gained
significance due to sustainability and feasibility. Compared to terrestrial plants, it has a higher growth rate and
superior CO and sunlight fixation capacity; along with higher lipid content. However, a major bottleneck which
impedes the mass production of microalgal oil is the high cost of harvesting. Therefore, energy efficient and eco-
friendly harvesting techniques are crucial to improve the economic viability of algal biofuel production. In this
study, pellet forming Aspergillus sp. was evaluated for the efficient biomass recovery of Chlorella sp. MJ11/11
through the process of fungal pelletization. The effect of different process factors like: rotational speed of the
shaker, pH, nutrients and cationic agent concentrations in the media on biomass recovery were evaluated. When
algae: fungi were used in 1:3 w/w ratios, more than 90% harvesting efficiency was obtained at pH 3 within 5 h.
Fourier transform infrared spectroscopy analysis showed changes in the C-H and C-N groups indicating their role
in co-pelletization process. The CHNS characterization of the co-pellet showed an improved C/N ratio, with a
high heating value of 19.55 MJ Kg~!. The lipid and biomass concentration of the co-pellet was 332 mg L' and
2.37 + 0.12 g L7! respectively. Also, the X-ray diffraction analysis indicated an increase in the amorphous
property of the co-pellet; demonstrating the suitability of the algal fungal co-pellet as a substrate for biofuel

production.

1. Introduction

Energy is considered as an influential factor for the economic
development and wealth generation of a country [1]. Fluctuations in
energy markets such as energy prices, reliance on imported fuel and
change in climate policy have increased investments in energy produc-
tion processes [2]. Therefore, diversification of energy sources and
supply chains is crucial to address these issues [3]. To produce crude oil
for energy production, oleaginous microorganisms can be a promising
feedstock. In recent times, microalgal strains have been widely studied
because of their capability to store high amounts of lipids and faster
growth rates compared to terrestrial plants. However, the cost-effective
production of microalgae-based biofuel is still a challenging task. The
size of most microalgae ranges in-between 1 and 30 pm and their density
is closer to water making its separation from the growth media difficult.
These features make microalgal harvesting a cost and energy intensive
process, accounting for almost 30% of the total biofuel production price
[4]. Thus, the economic recovery of microalgal biomass from suspension
culture is one of the major challenges for biofuel production. The current
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approaches for microalgal harvesting are gravity sedimentation, filtra-
tion, centrifugation, flocculation, flotation and electrophoresis
techniques.

For extracting high value products, centrifugation is the most com-
mon method. However, it is an energy and cost intensive process; hence
is unsuitable for low value and high volume products like biofuels [5].
Sedimentation or flotation methods depend on the differences between
the density of the growth medium and the microalgal cells. Sedimen-
tation requires a long settling time [6]. Flotation is considered to be
effective method only at bench scale but is unsuitable for large-scale
harvesting; making the process expensive compared to centrifugation
process. Filtration is a low cost method but is suitable only for large size
algae [7]. Due to the small cell size, simple filtration is an ineffective
method as the membranes requires periodic replacement due to clogging
[5].

Flocculation is a process where microalgae can aggregate together to
form larger sized flocs easing the process of harvesting. It can be induced
by various methods such as by the addition of chemical flocculants like
alum or ferric chloride or by adjusting the pH of the culture [8].
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Although these are effective methods of harvesting, but are economi-
cally unsustainable as it leads to contamination of the biomass along
with additional downstream processing expenses [4].Bio-flocculation is
a process where microalgae are mixed with fungal or bacterial cells or
extracellular polymeric substances from these organisms, causing the
algal cells to form flocs [9]. As a result there is an overall increase in size,
resulting in easy filtration or sedimentation. In addition, microalgal
harvesting techniques by bioflocculation do not include the addition of
chemical flocculants [10].

During growth in suspension media, some fungal cells form large
sized pellets easing their separation from the growth media through
gravity sedimentation. Therefore, bioflocculation is an easier and
cheaper technique for microalgal harvesting compared to other con-
ventional methods [11].The pellet forming ability of some fungus makes
the biomass recovery more suitable compared to bacterial flocculation.
In addition, the overall economics of the integrated microalgal industry
can be improved, because fungal pellets can also work as a self-sufficient
system [12]. An added advantage of fungi-aided flocculation is that the
biomass of both the organisms can simultaneously contribute towards
lipid and FAME composition, making the process suitable for biodiesel
production [13].This suggests that fatty acids composition can be opti-
mized using different combination of fungal and microalgal species.
Thus, both parts of the system, microalgae and fungi can be utilized as
feedstock for the production of renewable biofuel. Therefore, the ability
of fungi to form pellets in liquid media can be an alternative method for
microalgal harvesting.

However, bioflocculation is not widely applicable as it remains a
challenge to control the process. Negative side of this technology is the
time needed to attain high efficiency and the detailed mechanisms of
fungal-algal interactions are not well understood [14]. In order to
develop fungal aided algal harvesting in the most efficient manner, these
aspects have to be studied. In addition, most studies are limited to the
production of biodiesel using the lipid fraction, but the use of whole
biomass can be more promising. Using the complete biomass (lipid,
carbohydrate and protein) is 1.99 —-8.15 times more efficient in terms of
energy content of in comparison to the lipid fraction only [15].

The objective of the present study was to develop an efficient fungi-
aided bio-flocculation strategy for efficient harvesting of microalgal
cells and evaluation of the biofuel potential of harvested biomass. The
effect of various factors on fungal assisted bioflocculation and biomass
recovery of Chlorella sp. MJ11/11 have been evaluated. The mechanism
involved in algal-fungal interaction has been analyzed by fourier-
transform infrared (FTIR) spectroscopic study and the zeta potential
(&) was measured. Further, the suitability of harvested biomass as a
biofuel feedstock was evaluated by determining the high heating value
(HHV) along with measuring the crystallinity index (using X-ray
diffraction (XRD) study) and CHNS composition of the co-pellet. To the
best of our knowledge, this may be the first study that estimates the HHV
of algal-fungal co-pellet as a correlation of its suitability as an energy
feedstock.

2. Materials and methods
2.1. Microalgae and fungal cultivation

The microalga Chlorella sp. MJ 11/11 (procured from IARI, Delhi)
was cultivated in airlift reactor with working volume of 1.4 L (total
volume 2 L) under 120 pmol m~2 s~! light intensity. Quantum sensor
(LI-COR, Model LI-190SA, NE, USA) was used to measure the light in-
tensity. Tris phosphate acetate media (known as TAP™ media) was
selected as the growth media [16,17]. The biomass from the stationary
phase was used for the harvesting experiments.

The fungus Aspergillus sp. was obtained from ARS culture collection.
The fungi was cultivated in yeast extract-peptone-dextrose (YPD) media
containing 10 g L™! yeast extract, 20 g L™* of peptone and 10 g L™! of
dextrose (Himedia) at pH 5.5 + 0.2 and temperature of 30 °C. For the
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harvesting experiments 45 h old culture was used.

2.2. Bioflocculation experiments

The flocculation experiments were performed in 250 mL conical flask
and in room temperature. Pre-grown fungal culture was used as the
flocculant. The recovery efficiency was calculated as per Eq. (1) after the
absorbance of the supernatant was measured using a spectrophotometer
(Nova Spectro, Amersham pharmacia biotech) [17].

100 (€D)]

OD; — OD,
Biomass recovery efficiency (%) = (07Df) X

i

Where, OD; = Initial optical density, ODy = final optical density at 750
nm.

2.3. Effect of different flocculation parameters

The effect of different process parameters (viz. fungal culture broth
volume, algae: fungi ratio, pH, effect of shaking speed of the incubator,
effect of dextrose concentration, effect of divalent and trivalent metal
salts) were studied to analyze its effect of bioflocculation via co-
pelletization.

To identify important parameter which helps in efficient floccula-
tion, the fungal inoculums were used in two forms: the liquid fungal
broth and pre-pelletized fungi were used as a flocculant. The effects of
different volume of fungal culture in the range of 10 %v/v to 60 %v/v
were studied. After determining the optimum fungal culture volume, the
algal culture was flocculated with whole cell fungal pellet in different
weight: weight ratio. For this, the algae and fungi were cultivated
separately under their optimum conditions (as mentioned under Section
2.1.)ina 100 mL conical flask and the dry cell weight of the cultures was
measured. Based on the dry cell weight, appropriate amount of fungi and
algae were added to maintain the desired weight: weight ratio for the
experiment. Further, the effect of shaking speed on algal-fungal co-
pelletization was studied by adjusting the rotational speed of the incu-
bator between 50 and 200 rpm. A control experiment under no shaking
mode was also studied. After, optimizing the suitable weight: weight
ratio and shaking speed of the incubator to achieve the maximum floc-
culation efficiency the effect of pH (ranging between 2 and 8) and
dextrose concentration (in the range of 1 gL ™! to 6 g L1) on algal-fungal
co-pellitization were also evaluated. It is known that trivalent and
divalent metal salts can help in algal flocculation [8] due to cationic
hydrolysis. At the optimized physical parameters, the effects of ferric
chloride (10-50 mg L’l) and calcium carbonate (50-250 mg L’l) on
algal-fungal co-pelletization were studied at room temperature.

2.4. Biomass concentration and lipid content estimation

Dry cell weight (algae, fungi and algal fungal co-pellet) was deter-
mined by harvesting. A known volume of culture was pellet down by
centrifugation at 6000 g for 15 min. The pellets were washed with
deionized water three times and dried at 50 °C for 24 h. When a constant
weight was observed, it was noted as the final concentration. The lipid
content for the dried biomass was estimated as per the protocol of Bligh
and Dyer, 1959 [18].

2.5. Fourier-transform infrared (FTIR) spectroscopy

The FTIR (Perkin Elmer Spectrum 100) spectra for the algae, fungi
and algal-fungal co-pellet were obtained in the frequency range of 450 to
4000 cm™! to analyze the surface groups responsible for the interaction
between algae and fungi. For this, 100 mg of potassium bromide (KBr)
powder was used to ground approximately 3 mg of dried biomass, to
form a transparent pellet [4].
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2.6. X-ray diffraction (XRD) spectroscopy and field emission scanning
electron microscopy (FESEM)

The crystallinity index (CrlI) of the algal —fungal co-pellet biomass
was determined by X-ray diffractometer with Co-Ka radiation at 40 kV
and 200 mA. Segal empirical method was used to calculate the CrI (Eq.
(2)) of the sample, using the wide-angle X-ray diffraction counts at the
260 angle close to 22° and 18° [19].

Ls

I, —
Cri(%) = ”17
22

x 100 ()]

Where, 1> (20 = 22) and I;g (20 = 18°) is the peak intensity for crys-
talline and amorphous material respectively. To analyze the algal-fungal
attachment, small amount of dried sample was visualized under field
emission scanning electron microscope (JSM-7200F, JEOL).

2.7. Zeta potential (£)

The zeta potential ({) was determined by Zetatrac analyzer (Malvern,
Zeta sizer Nano) using 1 mL cell dispersions in their respective medium
before and after bioflocculation. It measures the additional velocity
carried to the charged particles when kept in the electric field. This
additional velocity factor is used to determine the particle electropho-
retic mobility. The { was calculated from Eq. (3) as per the Smo-
luchowski equation, which shows the relation between zeta potential
and electrophoretic mobility [4]
¢=H ®)

€
Where, { = zeta potential (mV), p = mobility (usV~'em ™), n = viscosity,
¢ = dielectric constant. For aqueous solution at 25 °C, { ~ 12.8 x
mobility.

2.8. CHNS analysis and estimation of heating value

The weight percentage of carbon, nitrogen, hydrogen and sulfur in
the sample were analyzed by CHNS analyzer (Elementar, Vario Select).
The higher heating value (HHV) was estimated using the following
Dulong’s formula [20,21]

M.
HHV (k—]> =0.338C + 1.422(H — % &)
8

Where, C, H and O are the weight percentage of carbon, hydrogen and
oxygen respectively.

2.9. Statistical analysis

All the experiments have been performed in duplicates and the error
bars represent + 5% error.

3. Results and discussion
3.1. Algal-fungal flocculation

External factors such as pH and media composition are known to
affect the response of microorganisms. Fungi can form different physical
forms like pellets, mycelia and clumps depending on the cell growth
parameters [22] which can also influence its cell wall composition.
Fungal pellet mediated algal biomass harvesting can be performed by
two ways: (1) co-cultivation of pellet forming fungi with microalgae and
(2) use of pre-pelletized fungal cells with microalgal cells. The major
problem associated with co-cultivation of fungal and algal cells, is the
requirement of different pH and carbon sources. In the present study,
pre-cultivated Aspergillus sp. pellet were used to harvest Chlorella sp. MJ
11/11. The effect of different parameters affecting the recovery
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efficiency of the algal biomass using fungal pellet were also evaluated
(Fig. 1).

3.1.1. Effect of fungal culture and whole cell (fungal pellet) on biomass
recovery of Chlorella sp. MJ11/11

The effect of fungal culture (45 h) and whole cell pellet for harvesting
Chlorella sp. MJ11/11 were analyzed. The flocculation efficiency ob-
tained after addition of different volumes (% v/v) of fungal culture and
various weight/weight ratios of algae: fungi are represented in Fig. 1 (A)
and Fig. 1 (B). The biomass recovery was less than 70% when fungal
culture was used as a flocculant. Whole cell pellet mediated harvesting
was found more effective than fungal culture. Fungal hyphae are fila-
mentous structure which helps in entrapping algal cells. At constant
algal biomass concentration; higher amount of fungal hyphae increases
the biomass recovery due to enhanced entrapment and attachment of
the microalgal cells. Maximum biomass recovery efficiency was ach-
ieved when algae: fungi were used in 1:3 (w/w) ratios (Fig. 1 (B)). In
submerged cultures, the pellet like structure of the filamentous fungus
with algae can settle rapidly and can be separated using simple filtration
methods or through gravity settling method. Further increase in the
algae: fungi ratio did not affect the recovery efficiency. For further ex-
periments, 1:3 weight/weight algae: fungi ratio was used.

3.1.2. Effect of shaking speed

After optimization of the algae: fungi ratio at 1:3, the effect of
agitation speed of shaker was studied to analyze the biomass recovery
efficiency. Algal-fungal complex formation was observed when fungal
pellet were added into the algal suspension and incubated under shaking
mode. After continuous agitation, fungi-algae complex transformed into
compact spheres. The shaking speed of 100 rpm was found to be most
suitable (Fig. 1 (C)). At a lower shaking speed, better biomass recovery
was obtained compared to higher shaking speed. This might be due to
the differential oxygen diffusion efficiency inside the pellets during
agitation which helped in the fungal hyphae growth [23]. Also, at lower
shaking speed the algal cells have sufficient energy and contact time to
overcome the repulsive forces between them and form adhesive forces
with the fungal pellets. At higher rotational speed, the sheer stress on
algae may be more compared to the adhesive force, causing the algal
cells to break without any attachments [24]. During the experiments, no
algal-fungal pellet complex was observed in non-shaking mode, sug-
gesting that shaking plays a crucial role for algal-fungal interactions.
Similar observation was reported by Zhou et al., 2013 [24] when
C. vulgaris UMN235 biomass was recovered using Aspergillus sp.
UMNFO1 and UMNFO2.

3.1.3. Effect of pH on flocculation

The effect of different pH on algal-fungal co-pellet was studied by
varying the pH of the system in-between pH 2 to 8. It was found that co-
pellet formation is favored at acidic pH range (Fig. 2). In the present
study, maximum biomass recovery was obtained when the pH was
maintained at 3. An independent control experiment was carried out in
order to confirm the effect of low pH on aggregation of microalgal cells
in the absence of fungal pellet. It was observed that there was no sig-
nificant flocculation of microalgal cells when the culture broth was
maintained at pH 3. Fungal growth is most favorable at lower pH. Hence
algal biomass recovery above pH 7 was less as the alkaline pH was not
optimum for fungal proliferation [25]. Similar finding was also reported
by Zhou et al., (2013). The effect of pH on surface charge distribution
has been studied by authors and it was found that spore formation is
favored at lower pH due to less electrostatic repulsion [26]. So, at lower
pH there was better biomass recovery during algal-fungal co-pellitiza-
tion due to lower electrostatic repulsions.

3.1.4. Effect of dextrose
The effect of different initial dextrose concentration on algal-fungal
pellet formation was studied. Through earlier studies it was found that
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Fig. 2. Effect of pH on biomass recovery efficiency during algal-fungal co-pelletization process. The control represents an independent experiment which was carried
out to confirm the effect of low pH (pH 3) on aggregation of microalgal cells in the absence of fungal pellet.

the presence of an organic carbon source had positive effect on the
growth of filamentous fungi [27]. As the concentration of dextrose was
increased, a shorter harvesting time was observed. In the current study,
a maximum of 92% biomass recovery was obtained at 5 g L ™! of initial

dextrose concentration (Fig. 1 (D)). Increase in dextrose concentration
provided the adequate carbon source for maintaining cell growth,
especially fungal cells, resulting in better pelletization and high biomass
recovery efficiency [27]. Also, a higher level of initial dextrose lowered
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the pH of the medium which further helped in better biomass recovery.
Parallel results were attained when the pH of the media was maintained
in the acidic range, indicating that pH plays a crucial role in algal-fungal
co-pelletization. In a study by Zhou et al., 2013 [24], no co-pellet for-
mation was reported when the initial glucose concentration was 10 g L™}
or below. However, when the initial glucose concentration was
increased to 20 g L™ it was found to be optimum for co— pellet forma-
tion. In the present study, significantly less dextrose concentration (5 g
L) was found effective in algal-fungal co-pellet formation.

3.1.5. Effect of trivalent and divalent cationic ions on biomass recovery of
Chlorella sp. MJ11/11

The effect of different concentration of trivalent (FeCl3) and divalent
(CaCO3) metal ions on algal-fungal co-pellet formation (Fig. 3) was
studied. It is known that positively charged inorganic compounds helps
in algal flocculation due to charge neutralization. These compounds
work in low pH environments and form cationic hydrolysis products
which contribute in flocculation process [28]. It has also been found that
divalent calcium ions play an important role in auto-
flocculation of microalgal cells [5]. In the present study it was found
that 93.7% biomass recovery was obtained when FeCls was used at 40
mg L1, Biomass recovery of 92% was obtained when CaCO3 was used at
a concentration of 200 mg L1, Calcium ions are known to stimulate
mycelia growth, thereby helping in algal-fungal co-pellet formation. It
was observed when YPD media was supplemented with CaCOs, Asper-
gillus sp. formed larger pellet compared to media without CaCOs. Thus,
significant higher fungal concentration was observed with CaCO3 sup-
plemented YPD media than without it. In a study by Liao et al. 2007
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[27], PDB with higher concentration of CaCO3 showed larger pellet of
Rhizopus oryzae than media with low concentration of CaCOs.

After optimization of the different physical parameters, it was
observed that pH is the most critical factor for algal-fungal co-pellet
formation. It was observed that at pH 3, the algal-fungal co-pellet
(Fig. 4) formed small spherical structures with a diameter of less than 2
mm. Although a co-pellet diameter of 6 mm was observed at pH 5.5, but
at this pH the biomass recovery was less compared to pH 3. It was
observed that when algae: fungi were used in 1:3 ratio at a shaking speed
of 100 rpm and pH 3, with an initial dextrose concentration of 5 g L2,
more than 92% biomass was recovered in 5 h (Table 1).

3.2. Surface charge characterization of algae, fungi and algal-fungal co-
pellet

Particles in suspension are stabilized by charges present on their
surface according to the theory of Derjaguin-Landau-Verwey—Overbeek
(DLVO) [29]. The Van der Waals attractive force and electrostatic
repulsion force play an important role in suspension stability. When
particles have similar charges, electrostatic repulsion force pre-
dominates causing a stable suspension. Floc formation occurs due to Van
der Waals attractive forces. The equilibrium between electrostatic
repulsion and Van der Waals attraction can be shifted in the direction of
attraction leading to coagulation and flocculation of particles through
several mechanism like charge neutralization, electrostatic patch
mechanism, bridging and sweeping flocculation [9]. In the present
study, various experimental trials were performed to evaluate and
interpret the possible mechanism involved in fungal mediated
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Fig. 4. Co-pelletization of Chlorella sp. MJ11/11 with Aspergillus sp. in a petridish of volume 20 mL: Chlorella sp. MJ11/11 (A), Aspergillus sp. (B) and co-pellet of
algae and fungi (C); Bioflocculation of fungi and algae in 1:3 ratio at pH 3 in a 250 mL flask when incubated for 5 h: Chlorella sp. MJ11/11 (D), Aspergillus sp. (E) and
co-pellet of algae and fungi (F); FESEM analysis of algal cells (G), fungal hyphae (H) and attachment of the algal cells on the fungal hyphae (D).

Table 1
Comparison of fungal mediated microalgal biomass harvesting.
Microalgal Bioflocculant Harvesting Recovery Reference
species time (h) efficiency
(%)
Chlorella sp. MJ  Aspergillus sp. 5 >92 Present
11/11 study
C. vulgaris A. fumigatus 24 90 [6]
C. vulgaris Aspergillus oryzae 120 ~-100 [24]
UMN235 UMN FO07
C. vulgaris Aspergillus niger 72 >90 [31]
(UTEX 2714) (Ted S-OSU)
C. reinhardtii Saccharomyces 1.5 65 [32]
bayanus var.
uvarum
C. vulgaris 2714 Fusarium equiseti 160 82.42 [33]
C. vulgaris 2714 Mortierellaisabellina 160 41.15 [33]

harvesting of microalgae.

The electrostatic charge distribution on the surfaces of Chlorella sp.
MJ11/11 and Aspergillus sp. were evaluated by analyzing the zeta po-
tential which measures the electric potential of the interfacial region
between the cellular surface and its aqueous region. Zeta potential
values for Chlorella sp. grown in TAP" media was observed to range
between —27 mV to —30 mV under alkaline pH (Table 2). According to

Table 2
Zeta potential and crystallinity index of algal-fungal co-pellet.

Sample Zeta potential ({) (mV) Crystallinity index (Crl) (%)
Chlorella sp. MJ11/11 —27 to —30 10.00

Aspergillus sp. - 18 10.74

Algal-fungal pellet —7to -8 7.00

previous reports, the negative charge on algal surface is due to the
presence of amine (—NHj), carboxylic (—COOH) and phosphate groups
(—POy4) [30]. The negative charge causes repulsions between the algal
cells preventing them from sedimentation in the growth media. The
surface groups of fungi are characterized by the presence of aliphatic
amine, phosphate and other aromatic amine groups [30]. At acidic pH,
these groups are protonated which gives fungal hyphae a net positive
charge. Therefore, when 45 h old Aspergillus sp. pellets were used for
biomass recovery, the negative charge on the algal surface was
neutralized by the positively charged fungal hyphae. The zeta potential
of the algal-fungal co-pellet was significantly low (-7 mV to —8 mV)
indicating that electrostatic forces also play an important role in the
formation of algal-fungal complex.

The FTIR analysis (Fig. 5) of the co-pellet showed significant dif-
ferences at wave number 1316 and 1194 em™! compared to that of
Aspergillus sp. The groups mostly present at these wave numbers are
C—N stretches, which showed an increase in transmission percentage
indicating their role in algal-fungal co-pellet formation. The cell wall of
Aspergilus sp. is mainly composed of sugars like N-acetylglucosamine
and galactosaminogalactan which contributes towards C—N functional
groups. Decline in their intensity may be indicative of their potential
role in co-pellet formation. Also, there is a decrease in the higher wave
numbers corresponding to C—H groups indicating that more number of
CH groups is exposed in algal-fungal pellet. For the same wave number,
the transmission percent of algae is higher as there is lesser number of
C—H groups in algae. These results indicate that during bioflocculation
there are considerable changes in surface groups of algal-fungal co-
pellet as compared to the mono culture of algae or fungi. Similar results
were also reported by Bhattacharya et al., (2017) when C. pyrenoidosa
biomass was bioflocculated with A. fumigatus pellets [30].
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3.2.1. Simultaneous flocculation and pretreatment of the algae

The rigidity of algal cell wall is due to the presence of cellulose and
starch [34], which needs to be solubilized for the release of intracellular
products. Studies have shown that fungi can degrade algal biomass due
to release of cellulase and xylanase [35]. A recent study by Prajapati and
group (2016) has confirmed the dual role of A. lentulus FJ172995 in
bioflocculation and pretreatment of Chlorococcus sp. [36]. In the present
study comparison of the crystalline or amorphous nature of the algal-
fungal co-pellet, algae and fungi were studied to assess the effect of
pretreatment of the algal biomass by fungi. X-ray diffraction analysis
(XRD) to estimate the crystalinity index (Crl) of biomass as an indicator
of pretreatment has been studied by other authors also [37].The XRD
analysis confirmed the hypothesis that the fungal cell secretions degrade
the algal cell wall which is explained on the basis of reduced CrI of the
co-pellet. The CrI value (Table 2) of the algal-fungal co-pellet was 7%
which was much lower than the Crl of pure Chlorella sp. MJ11/11.
Lower Crl value indicates higher amorphous property due to the
degradation of algal cell wall. This amorphous property has an industrial
importance since functional groups are more exposed, easing the process
of esterification for biodiesel production. Fungal enzymes also helps in
the solubilization of algal carbohydrates [36], increasing its utilization
for biofuel production.

In case of coagulating agents, it is known that a zeta potential value
of —10 mV or lower is required for the recovery of microalgal species.
The surface charge of the fungal cells depends on the various factors
such as the age of the spores, pH, and media composition. In the present
study, the zeta potential of algae, fungi and the co-pellet were deter-
mined and it was observed that there is reduction in the ¢ value for the
algal-fungal complex. In order to support the charge neutralization
mechanism, further experiment was performed by adding cationic ions
in the algal-fungal complex broth which was found to increase floccu-
lation and hence biomass recovery efficiency as compared to floccula-
tion without addition of cationic ions. The functional groups
participating in bioflocculation process were identified by FTIR analysis.
The major changes were found in the C-N groups suggesting their role in
electrostatic attraction. A study by Rajab et al., (2007) also reported that

there is change in surface charges during bioflocculation activity [38].
The neutralization of the surface charges caused the algal cells to be
entrapped on the fungal hypha [39], which was further confirmed by the
microscopic analysis of the algal-fungal co-pellet. Therefore from the
present study it can be established that bioflocculation is advantageous
over other methods of harvesting along with the potential of simulta-
neous pretreatment of the algal biomass making it suitable for biofuel
production.

3.3. Lipid content and carbon to nitrogen (C/N) ratio of algal- fungal co-
pellet

Bioflocculation being an environmentally sustainable process has
distinguished itself from other methods of flocculation for harvesting
algal biomass. To further evaluate the effect of fungal assisted floccu-
lation of algae, the lipid content of the co-pellet was analyzed. The lipid
content (LC) and biomass concentration (BC) of the co-pellet, algae and
fungi were found to be 0.14 £ 0.01 g g~ ' & 2.37 + 0.12 gL}, 0.21 +
0.01 gg ' &1.21 +0.06 gL~ and 0.064 + 0.03 g g~ & BC: 3.75 +
0.19 g L1, respectively. The lipid content of the co-pellet was found to
be lower than the algal biomass; however the lipid yield (0.332 g L™1)
was higher (Table 3). The synergistic effect of the co-pelleitization of
algae with fungi has been reported by other authors also [39]. Further to
explore the advantage of fungal mediated algal harvesting the CHNS
analysis of the biomass was performed (Table 3). It was found that one of
the major benefits of fungal aided harvesting is the improved C/N ratio.
The C/N ratio of the co-pellet had increased to7.22 as compared to 4.40
of microalgae (Table 3). The improved C/N content of the co-pellet
along with the lowered Crl value makes the algal-fungal co-pellet a
suitable substrate for anaerobic digestion. The entire organic biomass
can be used for this process with no additional expense of dewatering
[40]. However, the optimum C/N ratio for anaerobic digestion should
range between 10 and 20. The C/N ratio of co-pellet of can be improved
by optimizing different physical parameters. In a study by Zhong et al.
(2013), biomethanation process using algal biomass as substrate was
improved by balancing the C/N ratio with corn straw as an external
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Elemental characterization and lipid content of fungal, algal and fungal-algal pelletized biomass.

Biomass N (%ow/w) C (%w/w) H (%ow/w) S (%ow/w) C/N Empirical formula Biomass concentration (g L) Lipid content (g g~ )
Aspergillus sp. 8.01 46.75 7.255 0.442 5.80 C3.80H7.1802.34Ng 57 3.75 £ 0.19 0.064 + 0.03
Chlorella sp. MJ11/11 10.69 47.12 7.778 0.803 440  Cs.92H;700210No76 1.21 + 0.06 0.21 + 0.01
Algal-fungal pellet 6.51 47.03 7.368 0.410 7.22 C3.91H7.2902.41N¢ 46 2.37 £0.12 0.14 £+ 0.01

carbon source [41]. Hence, the present process not only overcomes the
problem of microalgal harvesting but is also useful and suitable for
biofuel production by anaerobic digestion.

3.3.1. Energy content of the biomass

Calorific value is defined as the amount of heat generated during
complete combustion of unit biomass mass in the presence of oxygen. It
is one of the key characteristics to identify the suitability of a biomass as
a biofuel source. In the present study, high heating value (HHV) of the
biomass was determined and compared with other feedstock (Table 4).
The HHV of the algal-fungal biomass was 19.55 MJkg ! whereas for
pure Chlorella sp. MJ11/11 it was found to be 20.24 MJ kg~!. Under
normal cultivation conditions the calorific value of microalgal and plant
biomass ranges between 17 and 21 MJ kg’1 [42 43]. However, at
different culture condition different calorific value can be obtained since
calorific value is contributed mainly by protein, carbohydrate and lipid
content of the biomass. The HHV value of the co-pellet is in the similar
range of bituminous coal and woody biomass, indicating that fungus
used for algal harvesting provides additional biomass in batch system,
and can contribute towards energy production along with microalgal
biomass. The wet biomass is considered suitable in hydrothermal
liquefaction or carbonization process for converting biomass into a
liquid or solid fuel. Therefore, the wet algal-fungal pellet is a suitable
feedstock for hydrothermal liquefaction process. Overall, the higher
biomass productivity, CO, fixation rate, heating value, carbon content
and no seasonal requirement for cultivation of microalgae in comparison
to woody biomass makes microalgae an attractive renewable biofuel
resource [15]. Therefore, algal-fungal bioflocculation process can be a
suitable and environment friendly process to recover algal biomass. The
co-pellet obtained can be a renewable feedstock for the production of
bioenergy.

4. Conclusions

The present study identified the major parameters like pH, algae:
fungi ratio, shaking speed of incubator and dextrose concentration
which affected fungal assisted microalgal biomass recovery. It was
observed that pH plays a crucial role in bioflocculation, where acidic pH
is more favorable for flocculation compared to alkaline pH range. Under
optimum conditions, it was found that more than 92% biomass can be
recovered within 5 h. The zeta potential analysis confirmed that the
charge neutralization between the algal and fungal cell was due to
electrostatic attraction. Also, the FTIR analysis identified the major
surface charges which were affected during the co-pelletization process.
Algal-fungal co-pelletization is an environmentally sustainable har-
vesting process which eliminates the chances of biomass contamination
generally associated with traditional harvesting methods using chemical
flocculants. Also, the large size of the co-pellet makes the separation
process convenient, suggesting an efficient strategy for the biomass
utilization for biofuel production. The current method of bioflocculation
is limited to lab scale studies only. Techno-economic analysis of the
process along with using biologically safe fungal strains and cheap
carbon source for fungal cultivation should be the key area of research
for commercial application of this process.
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Bagasse 19.4 [42,43]
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We investigate the surface blisteringfexfoliation in H-implanted GaSh (100) substrates. Samples were implanted
by 50 keV hydrogen ions with a fuence of 5 = 10" and 1 = 10" iongfem® &t room temperature. Posts
implantation annealing studies were carried oul up o 300 *C o observe surface blistering. Interestingly, sur-
face exfuliation owver a large area was observed for both luences after post-implantation annealing. High reso-
lution X-ray diffraction studies of the Heimplanted samples showed the existence of damage-induced train and

its dependence on the hydrogen fluence. Microstruciural investigations of the damage region have been carried
oul using crosg-sectional transmission electron micrascopy. The width of the damage region and the formation of
micrastruciures were found o depend on the fheence of hydrogen ions which evenmually guides the surface

blistering fexfoliation.

1. Introduction

Hydrogen (H)} implantation in semiconductor materials has various
applications in the microelectronic industry. One such application is the
passivation of defects and the fine tuning of their electrical properties
[1]. Hydrogen implantation is also used in the ion-cut process to transfer
thin crystalline layers from a H-implanted substrate onto another host
materigl [2-4]. In principle, it could be uwsed for the heterogeneous
integration of compound IV semiconductors on a silicon platform for
opto-electronic applications [5,6]. In this context, gallium antimonide
(GaShk) is interesting because many compound semiconductors whose
bandgap lies between 0.3 and 1.58 eV can be easily matched on its
crystalline lattice [7]. Swch GaSh/5i02/5 based subsirates would be
perfect for fabricating high frequency devices, laser diodes and infrared
detectors [5—-10]. Up to now, most of such structures are grown on
semi-insulating gallium arsenide (GaAs) substrates [11,12]. The large
lattice mismatch of ~7% between GasSh and GaAs inevitably results in
high dislocation densities ar the GaSh/GaAs interface [11,1Z2]. To
overcome the lattice mismatch problem, several attempts have been
made including the use of low temperature buffer layers [1 3, 14]. Recent
studies showed the use of strained-layer superlattice structures and
transitional buffer layer for reducing the threading dislocations in

* Corresponding authaor.
E-musil address: ravipathak51180@gmailoom (L Pathak).

https: A doborg 10,1016/ masp. 2021 F05998

epitaxial layers [15,14]. The ion-cut process could be an alternative
approach to solve the issue by directly transferring high quality GaSb
layers with controlled thickness onto silicon wafers.

Today, the ion-cut process is being used to fabricate most of the
silicon-on-insulator (S0I) wafers sold on the planet [2—4]. Thus, the
mechanism leading to the fracture of the material iz well understood in
silicon [17-20]. Hydrogen ions are implanted with dozes and energies so
that the hydrogen concentration reaches a few percent at the projected
range of the ions. The hydrogen ions induce damage in the crystal lai-
tice, initially as vacancies and interstitials which recombine during and
following implantation at room temperature until stable complexes are
formed [15,20]. During post-implantation annealing, these complexes
transform and precipitate in the form of nanometer-size platelets which
further grow in size by Ostwald ripening and finally coalesce to form
highly hydrogen pressurized micrometer size cracks parallel to the wafer
surface [19,21]. If the implantation depth is not too large, the surface
can elastically relax the stress exerted by the hydrogen pressure inside
the cavities. This gives rise to the appearance of blisters on the surface
[19]. If the surface cannot relax this siress, because of its w0 large
amplitude or because the cavities are too deep below the surface, cracks
propagate parallel to the surface, eventually lifting off the top surface
and leaving craters on the surface [21,22]. This is called layer

Received 11 March 2021; Received in revised form 19 May 2021; Accepted 31 May 2021
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Observation of Large Surface Area Exfoliation in Hydrogen

Implanted Ge

Ravi Pathak,* Uday Dadwal, Ashok K. Kapoor, and Rajendra Singh

Large surface area exfoliation of the hydrogen (H)-implanted Ge is investigated in
this work. H" ions with a fluence of 1 x 10'” cm 2 are implanted in Ge samples
at liquid nitrogen and room temperature (RT). The formation of surface blisters
and craters is observed in the samples annealed between 300 and 450 °C after
implantation. Interestingly, samples implanted at RT show large surface area

exfoliation extending over several hundreds of micrometer region after annealing.
Secondary ion mass spectroscopy (SIMS) and depth-resolved Raman spectros-
copy are used to characterize the depth profile of implanted H " ions and stress in
the damage region, respectively. The formation of the damage band filled with
extended planar defects in the form of nanocracks is observed using a cross-

sectional transmission electron microscope (TEM). The physical understanding
of the H-induced internal pressure and stress in the surface blisters[craters is

the GaAs substrate, it can be used as a buffer
layer for the hetercintegration of gallium
arsenide (GaAs)-based devices including
solar cells over Si substrate.""'?
H-implantation, followed by annealing
at elevated temperature, results in buckling
of the top sample surface in the form
of blistering andfor exfoliation."'*'
Surface blistering is a complex phenome-
non that depends both on matenial proper-
ties as well as implantation parameters.>'%l
The understanding of the blistering process
helps in defining various implantation and
annealing parameters for the successful
layer transfer of semiconductor. During

carried out using Féppl-von Karman theory of thin plates.

1. Introduction

Hydrogen {H) implantation with direct wafer bonding allows the
transfer of thin crystalline layers from the bulk crystalline wafer
on to a foreign substrate. This technique of layer transfer is known
as the ion-cut process!'*! Using this process, it is possible to
integrate the mismatched lattice structures.” ™ This technique
has been extensively used for the fabrication of novel substrates,
such as silicon-on-insulator (SOI) and germanium-on-insulator
(GeOl).** The high carrier mobility of Ge makes it a suitable
alternate candidate to replace Si for high-speed electronic devices.
Also, the high absorption ceefficient of Ge is useful for photode-
tector applications.™" GeOl-based devices have shown various
advantaﬁes in terms of better responsivity and electrical perfor-
mance.*” As the lattice constant of Ge is closely matched with
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implantation, the implanted hydrogen ions
damage the crystal lattice in the form of var-
ious defects, such as point defects, H-defect
complexes, and 2D extended defect
{nanovoids and microcracks)."*1%1] post-implantation annealing
leads to the release of hydrogen from the damage-induced defects.
The released hydrogen diffuses in the damage lattice and coalesces
to form molecular hydrogen in the extended defects.'®"® This can
cause an increase in the pressure inside the H-filled extended
defects. As a result, H-driven defects further grow in size by their
mutual agglomeration during annealing. This results in the buck-
ling of the top surface in the form of blisters and/or craters.">'7]

In the case of Si, the physical mechanisms behind
the H-induced blistering/exfoliation are relatively well
understood."®**! Di et al. and Martsinovich et al. had studied
the role of vacancies (VH;,) in the formation of platelets
in Si.""* They further reported that these platelets in Si act as
precursors for the formation of H-filled cavities. As far as Ge is
concerned, Zahler et al. presented a qualitative model based on
the physical and chemical observations.”* They showed the
formation of larger vacancies (e.g.. V,H,, , 4), which act as the pri-
mary contributor for the exfoliation of H-implanted Ge.”* In
addition, the existence of damage-induced stress in H-implanted
Ge has been reported in our previous studies.!"*** Also, it was
shown that the damage-induced stress affects the diffusion of
hydrogen and defect agglomeration, which eventually decide
the blistering behavior of Ge.*

The exfoliation over a few micrometers has been observed ear-
lier in the H-implanted Ge and AIN."**") However, large surface
area exfoliation extending over several hundreds of micrometer
region after H-implantation and annealing is observed in this
study. In the case of Si and Ge, such large area exfoliation at
low energy implantation has not been observed earlier. The influ-
ence of H-implantation temperature on the blistering/exfoliation
of Ge has also been studied in this work. In addition, the effect of

© 2020 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Abstract
We report on the large area stress free single crystal silicon (Si) layer transfer onto glass substrate
using hydrogen ion (H") implantation and heterogeneous direct wafer bonding (DWB) (ion-cut
process). Si wafers were implanted with H" ions at room temperature followed by the DWB
between the Si wafer and glass substrate. Post-implantation annealing studies were performed at
different temperatures. The root mean square surface roughness of the H-implanted Si wafer and
glass substrate was measured to be 0.3 nm and 0.5 nm, respectively. At an annealing temperature
of 330 °C, a thin layer of the Si wafer was transferred onto the glass substrate. The average
thickness of the transferred layer was found to be ~605 nm with surface roughness of 4 nm.
Raman spectroscopy confirmed that the transferred Si layer was stress free and retained its
crystallinity. Large area transfer of high quality stress free Si-on-glass substrate is demonstrated

using heterogeneous DWB and ion-cut process.

Keywords: Si, heterogeneous DWB, ion-cut, Raman spectroscopy

(Some figures may appear in colour only in the online journal)

1. Introduction

Heterogeneous integration of dissimilar materials is a
requirement for the development of future semiconductor
technologies. It aids with bringing different material systems
to a single platform and has wide applications in microelec-
tronic, optoelectronic and microelectromechanical (MEMS)
systems [1, 2]. One of the approaches to achieving such an
integration of different materials is the epitaxial growth of one
material over the other, called heteroepitaxy [3, 4]. The lattice
mismatch between two materials (for example, 4% lattice
mismatch between GaAs and Si) results in a large density of
threading dislocations in epitaxial layers [5, 6]. Devices fab-
ricated using such a defective epitaxial layer suffers from
performance and reliability deficiencies. The other alternative
approach is the use of the “ion-cut’ process [7]. This process
comprises of hydrogen ion (H) implantation in combination
with direct wafer bonding (DWB). In the DWB process, two
polished and cleaned wafers adhere to each other at room
temperature (RT) without the invelvement of any gluing

0268-1242/19,/025003+06533.00

material or external electric field such as in the case of anodic
bonding [&, 9]. lon-cut is an effective and economical process
for transferring thin crystalline layers from a bulk substrate
(host) onto a foreign substrate (handle) [9-11]. If the handle
substrate is different from the H-implanted wafer, the bonding
between wafers is called heterogeneous DWB [9. 12].
Usually, DWB between two substrates is carried out at room
temperature (RT). The bonding energy at RT is weak as the
physical forces between the bonded pair are van der Waals
forces or electrostatic forces. In order to strengthen the
bonding, the bonded pair is annealed at an elevated temper-
ature. This converts the weak physical forces into strong
chemical bonds [11, 12].

In the ion-cut process, hydrogen ions of certain fluence
are implanted at a particular depth in a wafer [7]. During the
post-implantation annealing, implantation-induced defects
such as platelets and microcracks mutually agglomerate to
form over-pressurized microcracks parallel to the surface
[13-16]. This eventually results in the splitting of the thin
layer and its transfer onto the handle wafer. Post-implantation

© 2019 IOP Publishing Ltd Printed in the UK
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Abstract :- India’s national interests have so far
required a formal neutral stance as Russia’s war in
Ukraine develops. The challenges New Delhi must
overcome in juggling its foreign policy priorities are
listed below. The Ukraine War has been in
progress since Feb 2022 and its repercussions are
being felt around the globe. Salient strategic and
military lessons are there to be learned from this
modern war. India’s attitude to Russia’s invasion of
Ukraine stood out among the other major
democracies and among the strategic allies of the
United States. New Delhi has chosen to maintain a
calculated public neutrality toward Russia despite
its displeasure with Moscow’s conflict. It has
consistently voted against Russian aggression in
Ukraine in the UN Security Council, General
Assembly, and Human Rights Council and has so
far refrained from publicly naming Russia as the
cause of the conflict. India’s neutrality has
disappointed many Americans, including those in
President Joe Biden’s administration, because it
revealed a stark difference of opinion between
Washington and New Delhi on the legitimacy of
using force to alter borders and occupy another
country’s territory through an overt war of
conquest. Whatever their opinions on what led to
the conflict in Ukraine and what caused it, the
majority of Indian strategic intellectuals would
agree that their nation’s diplomatic neutrality
ultimately represents what one Indian expert
called a veiled pro-Moscow posture. Today, this
looks especially contradictory because India
supports the United States in its fight against
Chinese assertiveness in the Indo-Pacific while also
displaying apparent tolerance for the far worse
Russian belligerence in Europe. This research
paper objective to looks takeaways from the
Ukraine war and their impact of our national
interest and policy.

Keywords :- Russia-Ukraine Crisis, United States,
National Interest, India, Foreign Policy, Geopolitics.

Introduction :- Since February 2022, the Ukraine
War has been raging and has had a wide range of
global effects. Although Russia decided to conduct
a “special military operation” in Ukraine, the
conflict actually began almost thirty years ago.
Although the former Soviet Union was
disintegrated in 1991, the West had sown the
seeds of the conflict by maintaining the North
Atlantic Treaty Organization (NATO) in the years
following the Cold War. NATO’s military
partnership has nearly doubled as its membership
has grown, heightening Russia’s sense of
vulnerability and ultimately leading to this
confrontation. The impact is widespread and
includes severe economic and  political
repercussions for countries that were severely
affected by the pandemic, shortages of energy,
food, and fertiliser, disruption of international
trade, and security links.

Since the PLA’s abrupt operation in
Eastern Ladakh in the middle of 2020, which
violated established agreements and protocols
that had kept peace on our northern borders, India
has also faced the threat of war with China. The
Chinese, as is their habit, blame India for
constructing roads and bridges near the Line of
Actual Control for their aggressive actions (LAC).
Some analysts also blamed India for converting
Ladakh into a Union Territory by itself. India has
therefore been forced to send large numbers of
troops there to restore deterrence that had been
lost. India, China, and a number of other countries
are attentively examining the Ukraine War in order
to draw modern lessons that may be used in a
variety of conflict scenarios.
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The War in Ukraine :- Russia secured crucial access
to the strategically significant Black Sea Region
when it annexed Crimea from Ukraine in the
middle of 2014. Despite their loud protests, the
West and Ukraine chose condemnation over
hostilities. The Minsk Il Agreement was reached
after negotiations in February 2015. However,
things continued to deteriorate, which increased
the Russian leadership’s sense of insecurity. Since
the start of 2021, a few signals have been very
interpreted by Moscow, which
that Washington actively
planning a general show of force against Russia.

poorly
confirmation

Saw
was

These were strengthened by Volodymyr Zelensky’s
signing of a decree on March 11, 2021, which
stated that Kiev “reserves the right to use all
means necessary to protect its sovereignty and its
territorial integrity.” and “a change of policy by
President Zelensky, who made membership in
NATO and the EU a priority” in early April month.
The gathering of Russian forces close to
the Ukrainian border for a series of exercises at the
end of 2021 was viewed as a component of an
which evolved

ongoing hybrid war, into a

conventional war on February 24, 2022, when
Russia invaded Ukraine. By saying, “We will seek to
demilitarise and denazify Ukraine, as well as bring
to trial those who committed numerous bloody
crimes against civilians, including against citizens
of the Russian Federation,”
explained the motivation behind his actions.

In their initial, audacious attempt to seize
Kiev, the Russian Armed Forces utterly failed. The
oblasts of Kharkiv, Luhansk, and Donetsk, which
connect to Kherson in the South, were the targets
of additional offensives. Although their political
regime change, the

President Putin

objective seemed to be
military operation was hampered by insufficient
knowledge of the readiness of the Ukrainian
military due to Russian military overreach. The
Russians were obliged to reevaluate their initial
objectives and concentrate their forces in the
Donbas region due to poor planning, inadequate
training, and a dispersal of the war effort. While
attempts are still being made in Donetsk oblast,
they have now been successful in Luhansk oblast.

A massive Russian build-u
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Objective of This Paper :-

= To Know Cause of Russia-Ukraine Crisis with
Indian Perspective with Comprehensive View

=  To Know this War Identify and Challenges of
Indian National Interest

= To Know what are the Impact and Strategy to
this Incident

Several Strategic Lessons :- There are several
strategic lessons to be learned, including the
following:

First, regardless of their level of power,
nations can experience a profound sense of
insecurity that could become acute if there is a
breakdown in strategic communication or if false
assumptions are made about the motivations of an
adversary.

Second, although a belligerent may use
them as a prelude to start a conflict or a full-scale
war, as is happening right now, a series of military
coercion spread over a long period of time
connotes Hybrid War. More importantly, despite
their close economic ties, conventional wars
between nations are still possible. Then, negative
financial and economic effects are inevitable.

Third, political objectives in a war must be
founded on one’s own military capabilities in
comparison to those of the foe (including those of
its allies). Inaccurate evaluations may result in
significant setbacks that necessitate a hard reset of
politico-military objectives. Wars are started with a
political goal in mind, but the unpredictable nature
of conflict frequently prevents the goal from being
attained right away or completely. In these
conditions, the definition of success for both sides
might impact how a war develops.

Fourth, sanctions on technology have
severely hurt Russia. “In banning the export of
semiconductors to Russia, the United States has
taken the lead among our friends. The Russian
military cannot restock its supply of precision-
guided munitions without imports because
Moscow lacks the capacity to produce modern
chips on its own.

Now, imports from Russia to India could
be delayed. Due to domestic orders and desired
defence exports, the Indian “defence industrial
complex” will also need to secure its hi-tech

material supplies.

Finally, although nations may prepare for
quick and brief wars, it is impossible to predict
how long a conflict will last once it starts. Even
more so now that neither side is willing to
negotiate and has hardened their positions,
desired total victory. In testimony before Congress
on Tuesday, Gen. Mark Milley expressed his
opinion that the battle between Russia and
Ukraine would be “quite lengthy.” Therefore, it
will be essential for any country with vulnerable
borders to develop internal resilience so that the
peace endures during the fight. This necessitates
the development of a “Whole of Nation” strategy
that identifies risks, formulates plans, and builds
the required competencies.

India’s National Interest and Russia Ukraine Crisis
:- The peculiarity of this Indian stance is explained
by how New Delhi sees itself as having interests.
These interests have prevented India from publicly
criticising Russia, despite the fact that its stated
opinions were meant to express its outrage at
Russian actions possibly a little more quietly than
is necessary. India therefore called for “respect for
the sovereignty and territorial integrity of states,”
demanded “the immediate cessation of violence
and hostilities,” regretted “that the path of
diplomacy was given up” and urged the concerned
states to “return to it,” and reaffirmed that
“dialogue is the only answer to settling differences
and disputes, however daunting that may appear
at this moment.” Subrahmanyam Jaishankar, the
minister of external affairs for India, reaffirmed
India’s position that “the global order is anchored
on international law, UN Charter, and respect for
territorial integrity and sovereignty of states”
during his intervention in the parliamentary
debate on Ukraine.

By using such language, New Delhi chose
to express its outrage over Moscow’s violation of
international norms, but it did so at the expense of
the larger question of judging the aggression,
which would have required it to either name
Russia as the perpetrator of the tragedy or, even
worse, excuse Russia as a victim of NATO’s
previous expansion (as China had). Indian Prime
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Minister Narendra Modi had difficult conversations
with Russian President Vladimir Putin and his
foreign minister, Sergei Lavrov, even as Modi also
had conversations with Ukrainian Prime Minister
Volodymyr Zelenskyy, both to ask for his assistance
in repatriating the thousands of Indian students
who were stranded in Ukraine and to offer him an
alternative to Moscow’s decisions. This was
revealed sotto voce. India attempted to express its
dismay at Russian actions in this way, but it
steadfastly declined to criticise Moscow openly.

“Strategic ambivalence” has been used to
define India’s precarious balance in the Ukraine
war. It actually reflects New Delhi’s conscious
decision, although a limited one. This choice to
refrain from publicly criticising Russia was made
with deliberate Indian calculations about how
alienating Russia may jeopardise its security, not
out of abstract worries about the integrity of the
global system.

In the first place, India’s worries with
regard to China and Pakistan are the primary
motivators behind its official neutrality regarding
the Russian incursion. Both of these countries pose
immediate and long-lasting risks to New Delhi, and
it is its belief that maintaining its friendship with
Moscow will assist to prevent Russia’s connections
with China from getting stronger and restrict
Russian incentives to forge new strategic ties with
Pakistan. More so than India feels comfortable
with, China and Pakistan both want tighter ties
with Russia. Thus, New Delhi seeks to reduce
Moscow’s proximity to both of its adversaries. To
that aim, it has come to the conclusion that
carefully avoiding any public criticism of Russia
gives it a chance to halt the growing embrace
between China and Russia while averting a fresh
liaison between Moscow and Islamabad, both of
which threaten India’s core interests.

Russia-Ukraine Crisis Geopolitics Perspective :-
This key geopolitical assessment is reinforced by
additional factors. Since 1955, when Soviet leader
Nikita Khrushchev openly stated Moscow’s support
for Indian claims on Jammu and Kashmir, Russia
has been seen as India’s steadfast ally when the
West was either ambivalent or opposed in

comparison. Additionally, on six occasions, the
Soviet Union exercised its veto power in the UN
Security Council on behalf of India and Russia
could be called upon to do so again in future
crises. Thus, maintaining Russia’s support through
its veto-wielding prerogatives continues to be a
crucial factor that supports India’s reluctance to
criticise Russia, even when its actions are deemed
to be reprehensible and occasionally endanger
India’s critical interests. Regarding this, India’s
current stance continues to be fundamentally
consistent with its prior patience in the face of
Russian aggression, such as that which occurred in
Hungary in 1956, Czechoslovakia in 1968, in
Afghanistan in 1979. New Delhi has been overly
forgiving when criticising Russian transgressions
despite the fact that this most recent crisis has
undermined India’s regional environment for forty
years and counting. This is a courtesy that
historically has never been afforded to the United
States.

The fundamental cause of this uneven
treatment is that India now longs for a
“dependable partner” in Russia. Moscow, for
instance, did not back or arm Pakistan against
India; it defended New Delhi from American
pressure during the Indo-Pakistan War in 1971 and
it has never criticised developments in Indian
domestic politics, in contrast to the United States,
which has done so frequently. The substantial U.S.
assistance (including food aid) to India early in its
post-independence history, Washington’s military
and political support for New Delhi during the
darkest hours of the 1962 Sino-Indian War (when
the Soviet Union was either neutral or backed
China), and the more recent, ground-breaking U.S.-
Indian civilian nuclear cooperation agreement all
serve as evidence undermining this unfair
comparison with Washington unfortunately do not
seem to count for much. The bar for evoking any
Indian public criticism of Moscow is therefore very
high given the yearning for Russia as “a very stable
long term partner” and the concern that the
United States may prove to be “a fickle and
unpredictable strategic partner.”

India’s continued reliance on Russia for
military hardware further increases its need to
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avoid upsetting Moscow in any manner. Since the
start of the Ukraine conflict, this aspect has drawn
a lot of attention, but it is ultimately secondary to
the larger considerations that centre on
maintaining close ties with Russia as part of India’s
efforts to both balance China while restricting
Pakistan and realise a multipolar system where it
cannot be hemmed in by any excessively powerful
states. Nevertheless, New Delhi is currently
dependent on Moscow for the spare parts and
support required to sustain its sizable stock of
Russian-made military hardware.

Even if over the past two decades India
has started to diversify its arms purchases away
from Russia, Russia continues to be an important
and in fact, a highly desirable source of weaponry
for India. This is due to the fact that Russian
weaponry are frequently less expensive than their
Western counterparts, at least in terms of initial
expenses, and are frequently just as good, or at
the very least adequate, for India’s operating
requirements. Furthermore, Russia alone, once
more in contrast to the West, has pursued the
development and coproduction of advanced
weapons systems to include their manufacturing in
India and does not burden India with excessive
end-user constraints, all of which make India’s
defence relationship with Moscow even more
valuable for New Delhi. Conclusion: India would be
reluctant to cut its defence supply ties with Russia,
even if it could obtain comparable weaponry from
Western sources, because its relationship with
Moscow offers it significant technological and
political advantages.

Most importantly, though, it’s still unclear
whether India’s current efforts to court Russia by
refusing to denounce its invasion of Ukraine will
actually halt the trend toward closer Sino-Russian
ties, even if the efforts further undermine Russia’s
already tenuous incentives to strengthen ties with
Pakistan. Above all, there is no guarantee that
India’s current strategy, which aims to appease
Russia by refraining from publicly criticising the
Kremlin’s war, will succeed in the long run. This is
especially true if Moscow becomes enraged as a
result of accumulating Western sanctions and is
unable to support India in the way New Delhi

hopes. This result would be especially problematic
if the “no limits” Sino-Russian ties allowed Beijing
undue influence over Russia’s future cooperation
with India or if Russia proved unable to support
India’s military forces and their future
modernization due to its own deteriorating
industrial base at a time when India also risked
losing Ukraine as a crucial supplier of parts for the
weapons that are currently in the Indian military
inventory.

Therefore, there is little doubt that India
now faces challenging geopolitical decisions as a
result of Russia’s invasion of Ukraine. Therefore,
Indian strategists believe that New Delhi’s decision
to refrain from any and all public criticism of
Moscow is the best of the bad options available to
it. India still lacks confidence in the United States
as a reliable or replacement partner, so any public
opposition to Russian actions which the United
States had earlier hoped India would mount, both
because of its democratic credentials and its
concerns about preserving the rules-based order
would end up enraging Russia. A more cynical
calculation leads India to the same conclusion: “An
aggressive Russia is an issue for the United States
and the West, not for India,” as one Indian
researcher, Happymon Jacob, put it. Russia, not
India, is at fault for the expansion of the North
Atlantic Treaty Organization (NATO). India needs
both the United States/the West and Russia to
address the “China problem,” which is the
country’s concern. New Delhi has worked to assure
that Russia would support this goal by refraining
from any public denunciations that could
undermine it. This is because New Delhi has come
to the conclusion that the United States will help
India balance China out of pure self-interest.

A Comprehensive View :- The circumstances
surrounding the war in Ukraine are very dissimilar
from those surrounding the conflict between India
and China. To enhance our deterrent and avert any
violence on the northern borders, however, there
is much to be learned from this contemporary
struggle. Some of the earlier mentioned lessons
have already started to sink in with the military
forces. Other actions will also contribute to a
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thorough buildup of national security.

The articulation of a National Security
Strategy by a confident nation deserves the utmost
attention, wherein a ‘Whole of Nation’ approach
will end in success. It should address threats that
include low intensity conflict, hybrid war and
conventional war under a nuclear backdrop.
Escalation dynamics will have to be thought
through. This will galvanise all stakeholders, i.e.,
government and private sectors apart from civil
society in contributing positively towards national
security.

The country’s resilience needs to be
geared up meaningfully for the challenges ahead
well in time. Peace-time efforts in strengthening
our food, energy, material and technological
stocks, and their supply chains then becomes
crucial. It will greatly help the nation to absorb,
adapt and respond to risks and setbacks that they
would deal with in any conflict.

The armed forces are the primary
instrument available to be employed in any war.
Therefore, their combat edge has to be kept sharp.
In our case, no stone should be left unturned in
equipping and arming them within the timeframes
that we envisage a conflict to take place. This also
means enhancing defence budgets to look after
our continental and maritime
ambitions. Atmanirbhar Bharatis a good step in
building defence self-reliance which can be
sufficiently augmented if we technologically
collaborate with friendly countries.

For the military forces, cooperation and
integration are necessary conditions for winning a
battle. As a result, it is crucial that the CDS be
appointed immediately. Then, careful
consideration will be required about a combined
doctrine, integrated capacity development, and a
general tri-services training philosophy. If we want
to combat effectively in a multi-domain
environment, we need to give the emerging
domains of cyber, space, and electromagnetic
spectrum more emphasis.

Conclusion :- The conflict in Ukraine has marked a
turning point in world geopolitics. Most countries
have to choose sides. India has made its position

on the conflict quite clear, and it seems that most
countries agree with it. Several lessons are being
learnt about managing conflict and battle at
various levels. Neither a settlement to this
conventional war was predicted, nor does it
appear to be imminent. As a result, several
countries are revising their national security
strategies. Over the past two years, China has
posed a serious danger to India. A clash is
anticipated as a result of its aggressive behaviour
and disputed approach to our northern
boundaries. It is crucial to create a solid deterrent
against her. Therefore, it becomes crucial to spend
in creating visible talents now rather than having
to deal with a bad circumstance that arises due to
their lack. Should we be forced into a fight, the
lessons learned from the Ukraine war and their
prompt implementation will significantly improve
our country and the armed forces.

The current Indian strategy of keeping
guiet about Russian actions could be undermined
by a number of outcomes, including the fall of
Russian power, the thawing of Sino-Russian
relations, or highly punitive actions by the United
States against India, which would make the
immediate costs of New Delhi’s neutrality far more
painful than the benefits that Indi has sought to
preserve with Moscow.

Indian officials are currently much more
preoccupied with the former issue than the latter.
They have calculated that Washington will be far
more understanding about India’s public neutrality
toward Russia even if it occasionally chastises New
Delhi about the same since Washington seeks New
Delhi’s support in dealing with the threat
presented by China in the Indo-Pacific. Indian
authorities have also concluded that Washington
will let them off the hook as long as India
continues to work with the United States to
restrain Chinese assertiveness because India
matters more to the United States in the Indo-
Pacific than it ever could in Europe. To that extent,
New Delhi looks to have placed a bet that was not
only self-interested but also beneficial given that it
is currently, in the words of one Indian pundit, “in
a sweet spot, courted by the Quad, China and
Russia.” In light of the losses that could have
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resulted from giving up its interests, India’s
sacrifice of its morals seems to have paid off.
When Jaishankar said, “we watch what’s occurring
in the globe, like any government does, and we
draw our conclusions and make our judgements,
he was alluding to this calculus. And trust me, we
know what is in our best interests and how to
develop and safeguard them. We now have more
options than we did previously, which is why |
believe that part of what has changed.
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Study of Electoral Reforms in India: Its Issues,
Challenges, Political Instability and Suggestions

Dr. Shashi Kant Pandey’

Abstract

India is a country which is considered to have largest democracy. In this
paper researcher feels it is due to the improper some electoral process. The
author concludes this paper by putting forward certain recommendations.
This is done to make sure that through proper electoral reforms, there is a fair
and justified election process.Every nation’s political system includes
elections as an essential component. The results of elections determine the
direction the nation will take during the next five years. Elections have a
significant role in Indian politics. With the development of technology and the
rise of globalisation, we need to change the electoral system because the
current one has led to widespread casteism, corruption, and violence. India
also lacks an effective management system when it comes to contesting
elections and has a staffing shortage. The country has also held numerous
elections, which cost a significant amount of money. From ballots to
electronic voting machines, proxy voting for NRI and service voters,
introduction of partial rights to rejection through NOTA (None of the above),
introduction of Voter Verifiable Paper Audit Trail for reinforcing
transparency in the voting, introduction of Electors Photo Identity Card to
prevent impersonation, and other reforms, the Election Commission of India
has periodically introduced in the conduct of elections in the nation.
Following the implementation of a model code of conduct (MCC), we still
encounter a number of issues that necessitate electoral reforms for a
democratic India. Sections 1254 and 126 of the Representation of the People
Act of 1951 must be applied, along with restrictions on government-sponsored
advertisements, paid news with election connections, and opinion polls in the
news media. We must also impose a ban on syllable donations to political
parties.

Keywords:- Elections, Electoral Reforms, Issues, Democracy, Vote Bank,
Committee Recommendations

Introduction

The definition of an electoral system is the transfer of votes cast by
electors into seats won by parties and candidates. Different electoral
processes yield various representational outcomes. India employs one
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person, one vote is the first past the post method. The election is won by
the candidate with the most votes in the district. It is based on a
categorical ballot, in which a voter selects the candidate for whom he
would cast his ballot. The first past the post system is a straightforward
approach that lets voters select between parties and candidates. It also
offers stability and has the advantage of favouring conclusion over
representation. It offers the chance to quickly and definitively form
majority governments, ensuring political stability and prompt policy
implementation. First past the post is inclusive and allows independent
candidates who do not belong to any party to run for office. The parties
are diverse in nature and appease to different groups in order to feed the
varied demands and aspirations of people living in different parts and
under different circumstances. This system gives rise to strong
oppositions by virtue of opposition getting enough seats to play an
important role. Geographic accountability: People who are elected from
certain constituencies are obligated to strive for the welfare of the
populace since their chances of being re-elected depend on it. One of the
biggest drawbacks of the Indian electoral system is that it prevents
minorities and women from participating in fair elections. This is because
parties typically nominate the most qualified candidate from each
constituency, who oftentimes happens to be a woman or a member of a
minority group due to social pressure and norms. Since only 50% of the
country’s population is represented in parliament, there is a strong
implication that the laws that are ultimately passed are prejudiced towards
women and minorities. To win elections, candidates engage in vote-bank
politics and sectoral politics; they talk about issues and invent fake
problems to pique the public’s interest and win their support by appealing
to their emotions and convictions; these voters are the minorities and
disadvantaged groups who experience severe economic and social
problems. Parties never win the same percentage of seats relative to the
number of votes they receive. The candidate with the most votes does not
necessarily win the election. This advocates for electoral changes in India
with the goal of creating fair elections and giving opportunity to people
who deserve to win, as well as the building of suitable infrastructure and
bringing in scientific improvement.

One of the most important criteria for a democratic country is free
and fair election. The values, opinions and beliefs of the people are
reflected through elections. Through election process, the people choose
the government and in return the government govern them and fulfil the
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promises made by them to people. The political process in our country is
not clear and has ups and downs. To clear that, we have electoral reforms
and they are the need of the hour. Electoral reforms change the current
electoral process in India and this is done to have a clear democratic
system. In this paper, the author analyses the current scenario of election
process in our country and brings out the issues and challenges faced by
the election commission.
Indian Electoral Reforms Through out History

The first three general elections, from 1952 to 1962, were viewed as
free and fair, but later elections have been tainted by the distortion of the
power structure at the level of government. As a result, negative power
has been constrained and stays unrestrained. Governmental institutions
now perform poorly and experience both excessive and insufficient
government. Elections merely alter the participants; they do not alter the
game’s rules. Furthermore, accountability and the rule of law are not tied
to authority. Institutional on-performance is now commonplace, bad
behaviour is not punished, and honesty and power are becoming
increasingly incompatible. There have been numerous attempts to
implement the electoral reform agenda, including those by the Goswami
Committee on Electoral Reforms in 1990, the Vohra Committee Report in
1993, the Indrajit Gupta Committee on State Funding of Elections in
1998, the Law Commission Report on the Electoral Laws in 2001, and the
National Commission to Revise the Working of the Constitution in 2004.
These committees and commissions have described the terrible
inconsistencies, contradictions, and anomalies in the electoral process and
offered practical suggestions for improving the electoral system.
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The Purpose of the Research Paper is

» India’s Electoral System, the Reasons Why India Needs Electoral
Reforms?

» How has the electoral process changed throughout the years?

» How can electoral reform issues be overcome?

» The study aims to explore the Election Commission of India, the
Supreme Court and the Indian electoral system and specifically to
trace out problems being faced by the Indian electoral system.

Methodology
The current research will only look into the Indian electoral system
because it is a descriptive study. It uses descriptive and analytical
methods, as well as statistical analysis, to record the events. The modern
historical methodology is also used to document the occurrences.
Indian Electoral System
The Election Commission of India, which has been given considerable
authority to oversee, direct, and manage the process, is in charge of
overseeing elections for the president and vice president of India, as well
as for the Parliament and state legislatures. This power derives straight
from the Indian Constitution. The two main elements of the Indian
electoral system are direct election, which is based on territorial
constituencies, and proportional representation, which is achieved by
using a single transferable vote. The first system is used to elect members
of the Lok Sabha, state legislatures, and local administrations in Union
Territories. This is considered the norm in India. In the second round of
voting, seats on the Legislative and Rajya Sabha Councils were also up
for election. This election was conducted on the basis of proportional
representation with a single transferable vote.
The primary Characteristics of The Indian Electoral System
e A description of the Election Commission of India.
e Outlines the duties and responsibilities of the Election Commission.
e The conduct of elections is described, including the nomination of
candidates and the declaration of the results.
¢ Covers the many elections in the voting process.
¢ Qutlines the responsibilities and roles of polling officers.
e Describes the shortcomings of the current setup and the demand for
modifications.
e Makes recommendations for electoral reforms as well as those that
have already been put in place.
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India’s Supreme Court on Electoral Reforms

The People’s Representation Act of 1951 in India was invalidated by
the Supreme Court because it permitted under convicted members of
Parliament to retain their elected positions. As a result of Clause 8(4),
which granted MPs and MLAs a special privilege to continue serving in
their positions notwithstanding conviction if their case had been filed in a
higher court within three months, the judicial system has been moving
upward. The Supreme Court ruled in favour of the NOTA case on
September 27, 2013, in response to a petition submitted by Common
Cause for the inclusion of a distinct button on the Electronic Voting
Machine (EVM) with the option of “None of the Above” (NOTA).
During the 2014 Lok Sabha elections, the NOTA button made its debut on
the electronic voting machines. The Supreme Court ruled in Union for
Civil Liberties v. Union of India, (2013) 10 SCC 1, that it is
“categorically obligatory” for candidates to declare their criminal histories
since doing so would violate Section 123 of the Representation of the
People Act, 1951. Additionally, a candidate who engages in such corrupt
behaviour risks being disqualified under Section 8A of the same Act.
However, political parties do not support such prejudicial judgements
because they have not improved electoral reforms or cleaned up the
corrupt political system. F Tribunal Case, (CRL.M.C. No. 2784/2011
&Crl. M.A. Nos. 10129/2011/2015) and 61 Foreign Contribution
(Regulation) Act, 2010 are a few noteworthy decisions that the Supreme
Court has decided. The Disqualification of Convicted MPs/MLAs Case
(Lily Thomas and LokPrahari NGO (2013) 7 SCC 653) and
Disproportionate Assets of the Elected Representatives Case (Ca Prahari
v. Union of India and Others, 10 July 2013) are three cases involving
alleged paid news (Ashok ShankaraoChavan v. Madhao Rao Kindhalkar
and Others (2014) 7 SCC 99, 1), disqualification of lawmakers who have
been convicted.
Election Issues

India’s electoral system is infrom top to bottom there are some
political issues in electoral system. The Indian people exclusively look to
the Supreme Court of India, the nation’s top court, for redress of
grievances notwithstanding the Election Commission of India’s best
attempts to purge the electoral system. There is a governance dilemma
that has surfaced in various ways, such as growing lawlessness. All-
pervasive Corruption, Criminalization of Politics, Politicization of black
Money and Muscle Power in Elections, Political Instability, Erosion of
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Legitimacy Authority, Fiscal Power (Cash Limit), Misuse of State

Machinery, Incumbent Compulsory  Voting, State Funding
(Reimbursement of Certain Amount) and Misuse of State Machinery
(Incumbent Gove Compulsory Voting) Casteism, nationalism,

regionalism, and (National Election Fund) Intra-party Democracy,
Inclusion, Exclusion, and Cessation of Candidates (Qualifications),
Nepotism and Dynastic Political Outfits are Autocratic & Unaccountable
Candidate Expenditure Limits- No Limit on Political Parties, Corporate
Electoral Trust/Corporate Funding to Political Parties (Proposal for
Electoral Bonds), Foreign Funding issues in the election.

Political Instability

There has been a large degree of political instability during the
previous few decades. Because of this, both the administration and the
policies have been unstable, which is characteristic of governments made
up of a minority. The causes for this are simple to comprehend. “The
Westminster Model is one that operates primarily on the basis of a limited
number of political parties, and it is the model we have chosen to adopt.
Currently, there are only two major political parties in the United
Kingdom. On the other hand, political parties have proliferated in India as
a result of the country’s deeply divided society and the politicisation of
daily life there. Each of these has developed a narrow and exclusive
identity for itself and its circle of supporters, an identity that is primarily
based on caste or religion, rather than because it has a unique philosophy
or economic plan. This is the main justification for the continued
existence of each of these groupings. Even this support is frequently
obtained not by providing any helpful services to the affected group but
rather by disparaging others and continually inciting conflict between
different groups. Pitting one group against the other is the phrase used to
describe this type of behaviour. This is typical. It has becoming harder for
individual parties to gather a majority vote that may be used to form a
government at the centre as a direct result of this vote divide.

Any ideology or notions of the standard of governance have to go
from the scene in order to piece together a functional majority to form
governments. This has had a significant detrimental impact on governance
quality and has had a variety of unfavorable consequences. Law and order
have suffered, corruption has been allowed to flourish, and the
effectiveness of the control systems has either fully collapsed or
deteriorated. As a direct result of all the subsequent bad governance, the
common man has been made to suffer. It has been suggested that there
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should be a limit established on the number of independent candidates and
political parties that are allowed to compete for office at the federal level
in response to this situation.

Suggestions

There are a number of key standards for measuring electoral reform

because India have massive democratic system.

1.

As a participant in the greatest democratic election system, we must
technically reform our electoral system by offering swift and
effective electoral results in every scenario. Consistency, and
impracticability in electoral reform reduce the effectiveness of the
technique and change the system in unexpected ways, such as
conflicting demands, rational compromises, and decision-making.
The legitimacy of an electoral law over a technical merit in the short
term is a direct result of democratic openness to a proportional
electoral system that includes an appealing balanced governability,
varying flexibility, preventive reformation, and optimal
representation of candidates with authoritarian legacies that will
maximise the changes of popular legitimacy to prohibit all adverse
side effects of electoral reformation.

We must examine how electoral reforms have affected the
representation of women because, in recent years, a pluralistic
democracy has seen a rise in the demand for minorities and women
to be included, which will have a different impact on political
issues. The current data on average district magnitude, various party
ideologies and their consistent associations, the use of gender
quotas, and the degree of proportionality will have an impact on the
overall regime in light of this global pattern.

We must resolve problems with election administration, election
officials’ logistics, and candidate nomination under the Indian
Constitution’s revision.

In order to decriminalise politics, we must refrain from using
religious themes to gain political advantage and make election
bribery a punishable offence.

Sections 125A and 126 of the 1951 Representation of the People
Act must be followed, as well as the ban on government-sponsored
advertisements, the prohibition on exit polls, and the restrictions on
paid journalism having an election link.

We should make it illegal to donate to political parties in antonyms.
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7. We must make it mandatory for all political parties to publish audit
reports, and we must deregister any that don’t. Additionally, we
offer tax refunds to political parties and monitor the amount spent
on campaigning by them.

8. In this reformation, lower level officers are the primary or
permanent body, and higher officials, such as level of deputy, joint,
and election commission, are appointed on a tenure basis upon
deployment from the civil service. This independent constitutional
body will have a separate secretariat and its officers and staffs will
be subject to the rules made by the president under Article 209 of
the indianconstitution.

Conclusion

Indian electoral system is backed by corruption, regionalism,
communalism and casteism .Being a democratic country, we don’t follow
the democratic system in the true sense of the term .Right to vote is a
fundamental right which should be available to everyone without any
discrimination on the basis of caste, sex and religion. In India politics is
run by the business of religion and caste, the lower caste are manipulated
and given fake promises to gain vote. Electoral Voting Machine (EVM)
has its negative impact also, contesting candidates and the political parties
get to know which polling station has voted for them and which are not in
prefer of them, this was not possible in ballot voting system, ballot papers
of particular constituency where duly bundled and mixed before they
were counted, it is difficult to identify voting trends. The government
from time to time has introduced many changes in the election system
which had both positive and negative impact on its people.
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Editorial |

For the last almost five decades, the importance of coarse grainsi.e. millets has been continuously decreasing,
so much so that the new generation do not have much knowledge about ragi, jowar, bajra etc., which had been an
important part of our diets over thousands of years. The decline in millets was mostly driven by the belief that
millets were sub-standard and meant only for the poor. Due to that mentality, the consumption of millets decreased
amongst the rich households. The low consumption of milletsin the diet of western countries has a so been acause
of itslow consumption among Indian affluent families. Wheat and rice dominated Indian households' food plate.
Since wheat and ricerequire moreirrigation and amost half of thearablelandin Indiaisrain fed, devoid of proper
irrigation facilities, food crops have been grown on only one third of the land. Although, now the per hectare
productivity in wheat and rice has increased significantly, and due to this the production of wheat and rice is now
abundant in the country. For along time India could not produce food grainsin surplus, because coarse grains lost
their glory post green revolution, asthey vanished from Indians' diet.

Although millets continued to be used in small quantitiesin rural areas, they had almost disappeared from the
urban food basket. The urban people were also not much aware of the nutritional importance of coarse grains.
Although, there hasbeen atrend towards artificially enriched magnesium, phosphorus, calcium, protein and gluten-
free food for some time, but the trend of people towards coarse grains which are naturally rich in nutrition could
not increase. The insoluble fibre of millets works like a probiotic that supports the good bacteria, which helpsin
the digestion of food. Millets aso provide essential amino acidsto build protein and act as antioxidants to protect
our body from the harmful oxidative stressand help in the formation of proteinsin the body. Regular consumption
of millets also helps prevent heart disease and diabetes. Coarse grains also prevent growth of cancer cellsand are
also beneficial for bones. Apart from this, there are numerous other virtues of millets .

Thanksto efforts made by India, the year 2023 isbeing celebrated asthe International Year of Millets. Although
millets or coarse grains have been used in Indiafor along time, but due to the encouragement given to wheat and
ricein the Green Revolution under the new agricultural policy in 1964-65, coarse grains went into the background
and production of millets dropped drastically. In our country, mainly three types of coarse grains, namely, Jowar,
Bajraand Ragi are grown in large quantities, while other coarse grains like Sanva, Chena, Kakum, Kodon, Kutki
etc. are also grown in India. Apart from this, two other types of pseudo coarse cereals Rajgira and Kuttu are also
produced in India. Due to encouragement given to coarse grains by Narendra Modi government, there is some
increase in the production of coarse grains. Intheyear 2015-16, whereas the production of coarse cerealswasonly
145.2 lakh tonnes, it increased to 179.6 lakh tonnes by 2020-21. Most of this increase is seen in millets, whose
production increased from 80.7 lakh tonnes to 108.6 lakh tonnes during this period. Presently India is the 5th
largest exporter of coarse cerealsin the world and the export of coarse cereals has been growing at an average rate
of 3 percent over the years.

Theincrease in the production of coarse cerealsis due to several reasons. First, better public awareness of the
nutritional value of millets has boosted the demand for millets. Second, researchesin the field of medical sciences,
highlighting the importance of millets based lifestyle has also encouraged consumption of millets. Third, demand
for coarse cereals has also been increasing overseas. Fourth, inclusion of milletsin the public distribution system
by the government. Fifth, the inclusion of millets in the midday meal of school children, etc is also boosting
demand for millets. Apart from this, millets have al so been included in the Integrated Child Development Services
(ICDS) as per the suggestion of NITI Aayog.

Coarse grains are not only being encouraged by the government, but at the same time coarse grains are in
fashion these days. Ragi dosa, ragi and bajra khichdi and other types of dishes are getting included in five star
hotels” menu.




Today, when the year 2023 is being celebrated asthe International Year of Millets, the interest in milletsisalso
increasing in the country and theworld. Dueto increase in demand, farmers have al so started getting remunerative
pricesfor millets. Today, coarse grainsworth about $300 million are a so being exported from the country. Although
the production and export of coarse cerealsareincreasing year by year, but thereis aneed to further encourage the
production of coarse cerealsin the country not only to improve nutrition and increase farmers’ income, but also in
the context of climate change. Indian Institute of Millet Research (IIMR) isalso working in thisdirection. In 2016,
thisinstitute has also started a brand of processed and semi-processed millets based food products by the name of
‘Eatrite’ and efforts are also being made to popularize it. Many start-ups are also working in this direction.

Today, when the popularity of coarse grainsisincreasing at theinternational level and efforts are being made by
the government to promote them and high yielding varieties of seeds of millets are also being developed, the
production of coarse grainsin the country islikely to increase further. Significantly, in the past, coarse grainswere
produced in many states including Rajasthan, Maharashtra, Odisha, Bihar and Punjab. Especially, states with vast
rain fed agriculture land used to produce most of these millets and were meeting their nutritional requirements. But
due to the diminishing interest of people in coarse grains, their production was affected and different types of
commercia cropswere produced in place of coarse grains. Millets were mostly replaced by cotton and sugarcane.
Today, when the demand for coarse grains has started increasing again, in many places the interest of farmers
towards coarse grains has also increased. In the past, coarse grains were produced not only in rain-fed agricultural
land, but even in irrigated agricultural land like Punjab. At present, under the pressure of climate change, by
promoting the production of coarse grains, we can save farmers from the onslaught of climate change and can help
improvetheir income. Various stakeholdersincluding agricultural scientists, policy makersand otherswill haveto
make concerted effortsto encourage the production of millets. With this, we can increase theincome of thefarmers,
improve nutrition and can also get rid of various types of diseases by removing the anomalies in the present-day
diet. Moreover, coarse grains can aso become an important source of earning foreign exchange.

—Editor

Franrce2h (4)/SHai-9ret, 2023
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Abstract :

India is characterized by a dynamic and robust
democratic system. Elections held at regular
intervals are considered a crucial characteristic of
a democratic polity. These mediums provide as a
reflection of individuals’ attitudes, values, and
views towards their political environment.
Elections provide individuals the ability to
periodically manifest their confidence in the
government and effectuate change when deemed
necessary. Elections serve as a representation of
the populace’s sovereignty and serve to validate
the government’s legitimacy and authority.
Therefore, the presence of free and fair elections is
crucial for the attainment of democratic success.
India has chosen to adopt a parliamentary
democracy, thus continuing the influence of the
British past. Since the year 1952, the nation has
experienced electoral processes for the purpose of
selecting representatives for the legislative bodies
at both the national and state levels. The Election
Commission has frequently shown apprehension
and unease regarding the elimination of barriers
that impede the conduct of impartial and
unrestricted elections. Over the course of time,
the Indian government has demonstrated a lack
of earnestness in addressing election changes. The
occurrence of scandals and controversies has
emerged as a prevalent pattern, when smaller and
regional political parties exert significant influence
over larger parties by leveraging different concerns
such as seat allocation, illicit financial activities,
coercion, the infiltration of criminal elements into
politics, and the circulation of undisclosed funds.
The aforementioned issues collectively indicate a
necessity for electoral reform within our nation.
The Election Commission has implemented a
number of new steps aimed at purifying the voting

process in India. Extensive deliberations were
conducted across many venues and media
platforms throughout the country over an
extended period of time. However, it is imperative
that these reforms are integrated into the existing
electoral system. The topic of discussion revolves
around the subject of election reforms within the
realm of politics, specifically in relation to the
functioning of political parties and its implications
for democracy.

Keywords: Election, Reforms, Politics, Democracy,
Political Parties.

Introduction: Political Parties and Electoral
Politics : Political parties play a crucial role in
democratic society. Political parties are a
fundamental component of the democratic
institutional framework. Political parties play a
crucial role in facilitating the efficient functioning
of contemporary democratic nations. According to
Duverger (1972), parties can be described as entities
that primarily aim to acquire power or participate
in its exercise. They differ from pressure groups,
which represent a narrower segment of society
with specific or private interests, as parties tend to
draw support from a more extensive and diverse
constituency. The electoral process affords voters
the opportunity to exercise their agency in selecting
their representatives.

According to Sartori (1976), it is imperative for
political parties within a democratic framework to
possess three fundamental features. First and
foremost, within the expansive range of ideological
cohesion, it demonstrates a capacity for tolerance,
permission, and acceptance of the coexistence of
various groups as integral components of the
collective entity. Secondly, all political factions
mutually acknowledge one another as rival entities
engaged in the pursuit of power, collectively
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forming the framework of the party system.
Thirdly, each political party is dedicated to
safeguarding the welfare of the entire community,
specifically the interests that pertain to the nation
as a whole. Due to the presence of this
characteristic, the party system operates as a
communal arena of engagement. Political parties
can also be characterised as sectional due to their
distinct mass bases and beliefs. Certain individuals
may symbolise specific geographical areas, ethnic
communities, or societal factions. The divergent
perspectives on national interest are also evident.
Partnership, separation, involvement in decision-
making, unity in diversity, and national interests
are shared attributes among all the parties
involved.

In his seminal work, Sartori (1976) undertakes
a comprehensive analysis of the party system,
focusing on its composition in terms of many
political parties. The author proceeds to elaborate
on a novel theoretical framework that centres
around the significance of political parties within
the political system with respect to the process of
government formation. Specifically, the focus is on
the extent to which a party’s size influences its
likelihood of attaining or participating in
governmental authority. Sartori refers to these
foundations as “counting rules” and expands the
parameters for party enumeration by
incorporating numerical considerations. Political
parties can be categorised into three main types:
one-party systems, two-party systems, and multi-
party systems.

The one-party system refers to a political
arrangement in which the presence of many
political parties and their competitive dynamics are
either absent or rendered ineffective. Nations that
adhere to specific ideas, such as Marxism or
fascism, typically prohibit the presence of any
opposing political parties. According to Johari
(2011), within this particular framework, political
parties attempt to assimilate other groups and the
opposition, or in more severe instances, repress any
opposition groups perceived as counter-
revolutionary or subversive to the regime, as they
are seen as factors that undermine the unity of the
nation. The concept of a two-party system entails
the presence of two distinct and competitive

political parties. None of these options exhibits
long-term superiority in terms of stability or power.
According to Duverger (1972), the existence of a
two-party system can be attributed to the duality
of societal opinion.

Electoral System : Battle for Political Power :
The concept of an electoral system pertains to the
collection of regulations that govern the manner
in which votes are cast during elections for a
representative assembly, as well as the subsequent
allocation of seats in said assembly based on these
votes. Electoral systems serve as the principal
institutional instrument for governing and
overseeing political competition. There exist
multiple election systems, with three primary
forms being single majoritarian, proportional
representation, and mixed systems.

Majoritarian Electoral System : The electoral
system in question is widely regarded as the most
ancient form of governance. It can be classified into
two distinct types, namely plural and absolute
majority, depending on the requirement of
securing at least 50% of the votes in order to attain
power. The concept of pluralism is frequently
invoked in the context of legislative elections in
India, the United States, and the United Kingdom.
The electoral systems in these countries often
involve the division of the national constituency
into territorial single-member districts, wherein
voters are allowed to cast a single vote for their
preferred candidate. In these electoral systems, the
winner is determined by the first-past-the-post
method, whereby the candidate who receives a
greater number of votes than their opponent is
declared the winner. One limitation of this method
is that it allows for the possibility of a candidate
with only a marginal lead over the second or third-
place contenders to assume office. In the
parliamentary system, the party that achieves the
most number of victories in the various districts is
able to establish itself as the legislative majority
and thereafter assumes governance.

Another variant of the majoritarian formula
necessitates the fulfilment of an absolute majority
criterion. In this context, it is anticipated that the
victor would secure a minimum of 50 percent plus
one vote in order to be officially announced as the
winner. Hence, the utilisation of absolute majority
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rules is observed in electoral systems that employ
either two-round or run-off mechanisms. The
electoral experience of the Russian Presidential
election in 1996 provides valuable insights for
comprehending this particular issue. In the present
election, a total of 78 candidates officially registered
their candidature, out of which 17 candidates
successfully met the requirements for nomination.
In the initial round of voting, Boris Yeltsin emerged
as the victor with a vote share of 35.3 percent.
Gennadii Zyuganov, the Communist candidate,
closely followed with a vote share of 32 percent,
while Alexander Lebed secured the third position
with a vote share of 14.5 percent. Following the
withdrawal of the remaining candidates and the
subsequent endorsement of Yeltsin by Lebed, the
ultimate outcome of the election yielded a
significant margin of victory, with Yeltsin securing
53.8 percent of the votes compared to Zyuganov’s
40.3 percent (White, Rose, and McAllister, 1996).

Proportional Representation (PR) : The
utilisation of proportional representation in the
electoral system is employed for the purpose of
electing an assembly or council. The concept of
proportional representation refers to a system in
which the allocation of seats won by a political
party or group of candidates is directly
proportional to the number of votes they receive.
In the context of a proportional representation (PR)
voting system, it can be seen that when a specific
party garners the support of 25% of the electorate,
it is expected that about 25% of the available seats
will be secured by that party. The interpretation of
proportional representation is contingent upon the
election methodologies employed. Various
strategies are employed to attain proportional
representation of diverse political parties, one of
which is party list proportional representation
(PR). On the other hand, certain electoral systems
allow voters to exercise their choice by selecting
individual candidates, such as the PR single
transferable vote (STV). Proportional election
systems that employ Party Lists in multimember
constituencies are extensively prevalent in Europe,
with around 60 nations globally adopting
proportional representation (PR).

The fundamental tenet of proportional
representation (PR) is the allocation of constituency

seats based on the proportion of votes received by
party lists. However, significant variances exist in
the implementation of this concept across many
systems. In the context of Norway, Finland, the
Netherlands, and Italy, voters have the opportunity
to indicate their choices through the open method
for specific candidates listed on the ballot. In the
context of Israel, Portugal, Spain, and Germany,
voters are limited to choosing a political party
exclusively through the closed system. In this
context, the determination of candidate ranking is
contingent upon the political party. In the final
analysis, the selection of candidates is determined
by their placement in the hierarchical sequence of
the party list (Norris 1997: 5).

Another approach employs the notion of the
single transferable vote (STV). The primary
objective of this voting system is to attain
proportional representation by use of preferential
voting. According to the Single Transferable Vote
(STV) system, an elector’s vote is initially assigned
to their most favoured candidate, and afterwards,
candidates are either elected or removed. The
surplus or unutilized votes are reallocated based
on the preferences of the voter. The approach aims
to reduce the number of “wasted votes,” achieve a
level of representation that is essentially
proportionate, and allow voters to clearly express
their support for individual candidates rather than
voting for closed-party lists. This is accomplished
by the implementation of multi-seat constituencies
(referred to as voting districts) and the strategic
allocation of votes to other eligible candidates, so
preventing the wastage of votes on candidates with
certain victories or defeats. This particular
approach is employed in the upper House of India,
known as the Rajya Sabha, as well as in Australia.

Electoral Reforms in India : The demand for
election reforms became more pronounced during
the latter half of the 1960s in India. Up until that
point, the electoral system had operated in a
generally satisfactory manner, with only a limited
number of deviations in the form of irregularities
such as rigging or violence. The political landscape
was characterised by a dominant single-party
dominance both at the national level and in the
majority of states. However, a shift in this situation
commenced subsequent to the Fourth General
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elections conducted in 1967. The emergence of
regional parties and the adoption of coalition
governance started to manifest in the various
states. The rise of alternative party regimes in the
State led to the amplification of some undesirable
characteristics and distortions within the political
system, particularly evident in the realm of
electoral politics. In the year 1970, a parliamentary
committee was established with the purpose of
proposing comprehensive revisions to the Election
Law, encompassing many perspectives.

In addition to the aforementioned points, the
Election Commission has sometimes put up
recommendations for improvements.
Commencing in 1970, the Election Commission
proffered its suggestions pertaining to electoral
reforms in the years 1977, 1982, 1990, 1992, and
2004. In addition to the aforementioned points,
political parties have also proposed electoral
reforms through the use of all-party meetings as a
platform. The 15th Law Commission was
established in November 1977 with the purpose
of conducting a comprehensive examination of the
Representation of the People Act, 1951. Its objective
was to discover and determine the necessary steps
required to facilitate electoral reforms. The 170th
Report on the reform of the Election System has
been filed by the Law Commission. Furthermore,
the Government has also implemented remedial
actions periodically.

Proposals for reforms Recommendations of
Law Commission : In the case of Public Interest
Foundation & Others V. Union of India & Writ
Petition (Civil) No. 536 of 2011, the Supreme Court
of India issued a directive to the Law Commission
of India. The directive pertained to two specific
matters: the prevention of criminalization in
politics and necessary legal reforms, as well as the
examination of the effects and consequences of
candidates submitting false affidavits. The Court
requested the Law Commission to provide
suggestions on how to address these issues and
implement appropriate legal reforms.

Following the aforementioned ruling, the
Commission focused its efforts on these two
specific domains. Through a sequence of
deliberations, culminating in a National
Consultation convened on February 1st, 2014, the

Commission presented its 244th Report titled
“Electoral Disqualification” to the Government of
India on February 24th, 2014.

Report No. 255 on “Electoral Reforms” was
submitted by the Law Commission of India to the
Ministry of Law and Justice of the Union. The 201-
page Report was given by Justice Shri A. P. Shah,
who serves as the Chairman of the Law
Commission of India. This presentation followed
a thorough process of consideration and
deliberation with relevant stakeholders, including
registered national and State political parties. The
Commission also conducted an extensive and in-
depth research of numerous topics prior to the
presentation of the Report.

1.Election Finance : The Law Commission has
put up comprehensive proposals on candidate
expenses, encompassing measures such as the
establishment of limits, the imposition of
transparency obligations on both individual
candidates and political parties, the imposition of
penalties on political parties, and the examination
of the matter of public funding for elections.

The electoral bond programme, which was
implemented in 2018, serves as a mechanism for
political finance. The primary objective of this
initiative was to establish a higher level of
responsibility in order to combat the increasing
problem of undisclosed funds and encourage
greater transparency in regards to the financial
support and contributions received by political
organisations. In order to be eligible to receive the
bonds, a political party must be registered under
the Representation of the People Act, 1951, and
must have obtained a vote share of more than one
percent in the most recent Lok Sabha election.
Given the prevailing circumstances in the country;,
the Commission deems it unfeasible to implement
a system of full state funding of elections or the
provision of matching grants.

1. Regulation of Political Parties and Inner
Party Democracy : The conceptual framework of
democratic theory encompasses the examination
of both procedural and substantive dimensions of
democracy. Procedural democracy can be defined
as the implementation of fundamental democratic
principles, including universal suffrage, regular
electoral cycles, and the use of confidential voting
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methods. On the other hand, it can be argued that
substantive democracy pertains to the internal
mechanisms of political parties that are assumed
to represent the interests of the populace. This
section pertains to the internal mechanisms of
democratic parties and the inquiry into the optimal
functioning and self-regulation of those parties.

2. Proportional Representation : Both electoral
systems have advantages and disadvantages.
Proportional representation is considered to be
theoretically more representative, although the
First-Past-the-Post (FPTP) system is perceived to
be more stable. It is evident, based on the
experiences of other nations, that any modifications
to India’s electoral system must adhere to a hybrid
model that incorporates both direct and indirect
election components. This will require an
augmentation in the quantity of seats in the Lok
Sabha, hence giving rise to apprehensions over its
efficacy in operation.

3. Anti-Defection Law in India : The Law
Commission proposes a necessary modification to
the Tenth Schedule of the Constitution, which
would transfer the authority to determine cases of
disqualification due to defection from the Speaker
or Chairman to the President or Governor, as
appropriate. This transfer of power would be
carried out in accordance with the guidance
provided by the Election Commission of India.
Implementing this measure would effectively
uphold the integrity of the Speaker’s office.

Recently, the Supreme Court rendered a ruling
that has the potential to yield significant
ramifications for legislative assemblies. The Court
rendered two significant pronouncements. In
accordance with established protocol, it is
imperative that the Speakers of the State
Assemblies and the Parliament undertake the
responsibility of adjudicating disqualification
petitions concerning members within a stipulated
timeframe of three months, excluding any
exceptional circumstances. Furthermore, the
court’s ruling established that judicial intervention
is permissible in cases when there are delays in the
processes. Furthermore, the Court made a
recommendation to Parliament, urging careful
consideration of the removal of the Speaker’s
disqualifying powers. Additionally, the Court

proposed the establishment of an independent
tribunal to handle petitions of this nature. The
underlying justification for this proposal is rooted
in the observation that Speakers consistently
emerge from the governing political factions and
tend to exhibit partisan behaviour.

4. Strengthening the office of the Election
Commission of India : In order to ensure the
effective functioning of the Election Commission
of India (ECI), it is imperative to implement certain
measures. Firstly, it is crucial to grant equal
constitutional protection to all members of the
Commission with regards to their removability.
Secondly, the appointment process for the Election
Commissioners and the Chief Election
Commissioner (CEC) should be made consultative.
Lastly, it is essential to establish a permanent and
independent Secretariat for the ECIL.

5. Paid News and Political Advertisements :
The proposed amendment to the Representation
of the People Act, 1951 aims to include provisions
that classify the act of publishing or assisting in
the publication of “paid news” as an electoral
offence. This offence would fall under chapter III
of part VII of the RP Act, 1951, and would carry a
minimum punishment of two years of
imprisonment. The intention behind this
amendment is to address the practise of publishing
news articles that are paid for with the purpose of
promoting or undermining In order to effectively
address the issue of covert political advertising, it
is imperative to establish obligatory disclosure
requirements encompassing all media platforms.

6. Compulsory Voting : The Law Commission
expresses its disapproval of the implementation of
mandatory voting in India, citing numerous
reasons for its strong opposition. These reasons
include concerns regarding the undemocratic
nature of compulsory voting, its lack of legitimacy,
the substantial financial costs associated with its
enforcement, its limited potential to enhance
political participation and awareness, and the
inherent challenges involved in its implementation.

7. NOTA and the Right to Reject : The Law
Commission currently rejects the extension of the
NOTA principle to introduce a right to reject the
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candidate and invalidate the election in cases
where a majority of the votes have been polled in
tavor of the NOTA option.

8. The Right to Recall : The Law Commission
is not in favor of introducing the right to recall in
any form because it can lead to an excess of
democracy, undermines the independence of the
elected candidates, ignores minority interests,
increases instability and chaos, increases chances
of misuse and abuse, is difficult and expensive to
implement in practice, especially given that India
follows the first past the post system.

9. Restriction on Government Sponsored
Advertisements : The Commission recommends
regulating and restricting government-sponsored
advertisements six months before the date of
expiry of the House/Assembly to maintain the
purity of elections; prevent the use of public money
for partisan interests of, among other things,
highlighting the government’s achievements; and
ensure that the ruling party or candidate does not
get an undue advantage over another in the spirit
of free and fair elections.

10. Restriction on the Number of Seats from
Which a Candidate May Contest : The Law
Commission recommends an amendment of
section 33(7) of the RPA, which permits a candidate
to contest any election (parliamentary, assembly,
biennial Council, or bye-elections) from up to two
constituencies. Because of the 11 expenditures of
time and effort; election fatigue; and the
harassment caused to the voters, section 33(7)
should be amended to permit candidates to stand
from only one constituency.

11. Independent Candidates : The Law
Commission recommends that independent
candidates be disbarred from contesting elections
because the current regime allows a proliferation
of independents, who are mostly dummy/non-
serious candidates or those who stand (with the
same name) only to increase the voters” confusion.
Thus, sections 4 and 5 of the RPA should be
amended to provide for only political parties
registered with the ECI under section 11(4) to
contest Lok Sabha or Vidhan Sabha elections.

12. Preparation and Use of Common Electoral
Rolls : The Law Commission endorses the ECI” s
suggestions regarding introducing standard
electoral rolls for Parliamentary, Assembly, and
Local Body elections.

Significant Challenges in The Indian
Electoral System :

* Money Power: Electioneering is a costly
process in any democratic government,
especially in India.

* Money power harms our electoral system,
substantially undermining the functioning of
periodic elections. It leads to widespread
corruption and significantly contributes to the
black money economy.

* Muscle Power: Pre-election intimidation, post-
election victimization, most riggings, and
silent and brutal booth capturing are all fruits
of physical power.

* The criminalization of politics: and the
criminalization of criminals, both of which are
now freely practiced, are two sides of the same
coin and are primarily responsible for the
display of brute power at elections. Criminals
can win elections for their benefactors through
the use of violence.

Misuse of Government Machinery: It is
commonly said that the government in power at
the time of an election abuses official machinery
to help its party’s candidates win elections.

Criminalization of Politics : The criminals’
motivation for entering politics is to obtain
influence and ensure that cases against them are
dropped or not pursued. Because of their financial
clout, they can make it big in politics. Political
parties solicit funds from criminals in exchange for
political privilege and protection.

Measures Taken by ECI For Electoral Reforms

Political Parties Registration Tracking
Management System (PPRTMS): To allow an
applicant to track the progress of their application.
Systematic Voters” Education and Electoral
Participation Programme (SVEEP): ECI organizes
voter awareness campaigns to educate voters.
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Various Committees on Electoral Reforms
1. DINESH GOSWAMI COMMITTEE

* Ordering re-poll or countermanding should
not only be on the returning officer’s Report
but also otherwise and give the Election
Commission the requisite powers to appoint
investigating agencies, prosecuting agencies,
and constitution of special courts.

* The disqualification of members should not
be decided by the Speaker or the Chairman
of the concerned House.

¢ Changes in the voting pattern and shift to
proportional representation of the list system,
instead of the present voting system, should
be made (However, this matter was to be
further discussed amongst exports.

® There should be fresh delimitation based on
the 1981 census and a provision for the

rotation of reserved seats for Scheduled Castes
and Scheduled Tribes.

No candidates should be allowed to contest
an election from more than two constituencies.
The age of Candidates for assembly seats
should be reduced to 21 and for the Council
to 25.

* A model code of conduct be framed, including
issues relating to official machinery, transport,
media, funds, etc.

¢ Extensive restructuring of the accounting of
election expenses is needed.

* Speedy trial of election disputes through the
help of ad-hoc judges should be ensured.

¢ EVM should be used to put an end to
manipulating and tempering.

2. JEEVAN REDDY COMMITTEE

¢ The Commission advocated a total ban on
splits and mergers of political parties during
the term of the Lok Sabha or Legislative
Assembly.

* Once a member has been elected on a
particular recognized party’s ticket, he should
remain in that party till the dissolution of the
House or till the end of his membership by
resignation or otherwise.

¢ The Commission has recommended adequate
representation.

* To curb the criminalization of politics, the
Commission has suggested that a person
should be disqualified from contesting
elections to the Lok Sabha or an Assembly if a
court has ordered the framing of charges
regarding offenses listed in the Representation
of the People Act, 1951.

3. TARKUNDE COMMITTEE

e The Election Commission should be a three-
member body.

* The minimum age for voting should be 18
years.

* Autonomous statutory corporations should
control TV and Radio.

¢ The committee recommended forming a
voter’s Council in as many constituencies as
possible, which can help in free and fair
elections.

Conclusion : The voting process in the country
has undergone numerous deficiencies over time,
necessitating the implementation of necessary
corrections. However, it is imperative that this
process be carried out via thorough deliberation
and discourse, with a progressive and continuous
approach.

The successive administrations at the national
level have acknowledged the significance of
matters pertaining to election reforms. The
recommendations put out by the Election
Commission and the many committees on electoral
reforms have consistently been taken into account
and put into effect. In the context of deliberating
upon election process improvements, it has been
emphasised that obtaining the consensus of
political parties inside the nation is vital.

The government acknowledges that electoral
reforms are an ongoing process. It is the collective
effort of various stakeholders, including the
government, Election Commission of India, Law
Commission, and others, to implement proposals
for electoral reforms that receive consensus
periodically. The user’s text does not contain any
information to rewrite. The election process in the
country has undergone significant inadequacies
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over time, necessitating the implementation of
corrective measures. However, it is imperative that
this process be carried out via thorough
deliberation and discourse, with a progressive and
continuous approach. The significance of electoral
changes has been acknowledged by successive
governments at the national level. The
recommendations put forth by the Election
Commission and the many committees on electoral
reforms have consistently been deliberated upon
and put into effect.
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TR TTIHeT o g T deheitent ot
UfagTiass 3Taciieh

qerdl Al

-8, 3iaer faqnT, dlaru fSer fvafterey, qeumgR

sy Freeren

Ti0 vam feyr Tag (Tafae urew)
sfaer faam, Tq. 3 &, 5. Shiclsl, HiameE!

VISR

T Fd U ell, fag iR wife 7 sfus agfs aifae 1) 9 e & @9 8 9% |
it aigEel Td gfd el & S &d O Wawu fhan vafed & T @ el i
dehiehl w1 Squial faelh @ o1 & gd At W 9efiEi € 98 99d 91 d e o
faam & fawm =1 var 9@ 21 Ty faem & ofwia g nftr, safan st e
w1 fawm gem vy, SwEfAfe iR ' Twwen dmte € i ot e o
fam 2 fade Y ST 1 wies T SRR ) IE R @ s fawi | ue
= WAd w9 o ST o= T Seniifads g9 AR ety §1 sy 3 el | e
a3 It ufify &1 3rEm fean 59 yaR sy fava & wed =fe 9 fa=ia 9w
wifga fran foF geal e @1 Yz A "RV & TE-UE 9l WA favary Tea f g
e 9% AR == TRV W= I g4 & W guElt % WM 3R SEH 9H WS
TS % HRU Al §1 ITH T ORI 1 aURiAER R e 3 @A fFan emwyg |
TIMeE YoIelt i A faa=mn &1 sy w1 Y, a9 <viMerd fagra wden T4t g9
TR & T 3sfer W oy @ wewul M € ST aunH Freeren s fe e g
frel gT = 9§ Afuss amifis €1 ENE & 9% gE0 WiHg Taseid s U saitadl
et €1 ST gAFT 3R 9ITHiE SGifay &1 999 &6 U0F 991 9w & 99 9 3
fagr =1 wfaurea fom fawa e s=fag 1 98w 921 39% 9: 779 Scoradid - 1Y
fagif=, foamued, dmmm, JecEled, gesaas R AHeEs| Yafdgids W ue W=H
fagm (Y fogrm, afte fagm, 9@ fogm, ofaw fag awn o+ fasm) =
A T B SURAE A Sfag wed &1 o9 ymEned ¥ fawfsa fea- @ (vfta e
ifaq), B0 (FH9A) 3 Heal (Hidd SEiq9)| aeHel & gevads & fagq 3
Fell T favasm 9 T R SRR & 93 gyEw A o wiea Sifde W aEyeEieEn
T S WA Fll 38 W TIaa A <l fadl TeE Seam a9 i yq@ Fifaa=d o
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A1 e 600 E. & TN WA T @1 TR TG-S & e & &9 H qREe
qHF T Hl &N Hi| 7T [FeE Moag o 52 et fagr &1 59
T T4 €| ST GHG 598 5. Ul 3R AeSHIiESid Aueh WY i A Hi| W 7 95
Y Ts@E™ 3 SAE H WA Fi 39 421 9 9gd 9 Yaisdl 9eel g% " S fa
of & wfa & FraageER ot o gt W it € it gt 1 = oft =i ot
AR FR FA g H3W, F:3F 3N AR 39 TQ-FRiA SAiau &1 aesd 1 105
fagm =1 =mEn F1 o A faer o fagm @ awAs a9 SR S $ e S
q & e H AETIR AR Sl $ WY PR faeEaE ® 8 T 9Ee Seseiy
Ao & Hd ¥ @ FER OAigd 4 'S " ownfa: gfusr wnfaag: wfsieE: i)
T Viiatayd <a: Yif<sia Wi 99 i< - o3 % ®9 ° Yol ofqfie, e, i,
e 3R aeafa # S GheuAl I A ST fordl 91 THR TEE 3 S
U Woll-9ifd 9 o1 I=F ifudifas, sifusfas =R onenfeas 3@ @t =1 wifa =
HHeE-siad 49 UE Sifee & foe w6 yq@ smEvEsdal w9 9 frefud fean @@ =
IR H 2@ q foy 9 # wea ° 9rdaEl 3 faem iR el 9@ R 9 e 8
wel M o S A7 fag W o1 fF 9nde faam ud ot & o O go fava
% fou smga ® 21 WA fagr d ot fagm s aeAat & oieid Sehe ST @R 6
e 21

IER Jafy 9gd GO € qu1fd 39 W @ e ° Ty fad T emgE] ¥ gata
F3 eyl WS W YUEA g Al favafaue O Sifaw SR srgEs & e w
ol i unEh sfem A aRel YR § weida STgdg i o7 s 1 Ieod R
Fataes WS T St B 3HH WNH STgafcd TRl # WX B 39 TE, g, den I
w1 U ¢ SHS STAEl dehl & AN SR fARE st zan e €1 3§t <A gy fafeen |
Haftg w3 TR H T T W Wil 9 efya ¥ gafva o g fafee 9 o 1 R
gfvem &t 3R TN wA Uiy oy & fafeas A swE w9 o Tawm w1 wies
WA Td urg foam S A o 3% dig s on, e e 1 §- S,
TR, FEYE, NI, AR, W=, e, We=e @ o ot s ™
e < fafecd qomell off 3EH YR FI o1 ATN[A 4 W Tafhadn &1 sufaerr fan
3T I IEURON WRE ®I fF @A, S&, 9@, e enfg wie ugsi 0 o I wfeias
BTl BTl © TR () i WIW SHET Gaifieh Hevequl Sfaehi o Wi TWEE I e
& 3fde™ H Uh Imahid T2l o) Gy 7 Hf IEs & W Uf9E U9 =T-35d i
WA F g=ai ot ogds &1 vag fagF o 38 w=w fowaifsd $1 I9a 1 95
AT T TE FgE! SAfthed 9 ITEIYROT ViAW 1 YA 41| YAl @i %s A ° Garnga
fam T & W9 oMfE <9, TR, STHGAIA, 376w M| U= i ST 1 o€ Hel T
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2 FE 9 g fF u=all 9qg WA % Gorawu g oY ° fod gy i ¥ e 9
%9 fagH o7 9d € fF gon el & Swadl M w1 A R 3R @@ 3 W o
A Rl ST SER1 S fem W WeRaT €1 WEH WRGE A9l 4 eiwE, T, W, g, IR,
e], g, 89, 919 M § Faiua fawga siwgad fean faf= e ° s faearon sqaey
B U Fa TSid{hedl, RN Fa Taev A T W-fafeen | g amag st
TehTelA EEA-ITET o oo T T 99=99 9 Seoi@Ad g S0 T 9 37
7Y e IR T WEA A0S 19§ I Scoiiad (6 € 5 emfnfa, sfafa & emed IF
1 fawafi 7 Architictural Engineering 3tufa e @it 1 fawfaa fean Jafs
HHead &t g8 Wew yeE faer ¥ e ofoam @ fagm & v 89 S9 TfvE,
Hifqq, @d, @H-"He, ureE 96, oafvas g, faft= wafe saunomt, s,
FIOIfa Se-q 3oz O uwaE foaw @ oA | e faftire fagia o1 wfaues fan
faed fafw= S fawst =1 fasm gsm
YA YR 4 o 4@ % Y9ed $1 SIRY Qaeeden S sfaerEsni 4 1200 BC
q 100 BC & &9 9mm=aal A1 €1 ©ie & @ie 7 §Fal & foao o sons afsas
frm 81 af m 9 @ WA G e 3TaEE W YRS, I YEE 3R U % 'Y
i de F o FE B e IR 9 d v S W R W s, Ig e
faf= feredt 4 swam fem A om fide Tl @ @ 9 %fu, afvsg-=mn anfg
I gfa =1 GemuR die uig 31 3ed ffda sy € %1 e Ay faer 9 O |@@
& oAI9E SE I I Bl @1 HRiEe gadeiy g Uy o W e € fF de ug
& frerdm, gigsr (Yof GO w6, 9 999, gifgd &0, F89 S, sqagegeg i
& AAY T U, 0 5od 1 g@ml, 9o, fauem s e senis)) @ faeor fgan
T B Yaste O qwEiie % guseid 9 S @, 3 ST SleIne 1Y H @R Mg @
el & Hay ¥ ahdAte! faete &G 21 36 YR W ¢ F yeAen faer § an-af
wd ug-ferd F Wy ugen % fafv= S9ar 1 9 1 UE Sea Wau faaee e,
form st & gEfeen, ST Sfiaa-argq &1 waifaa fear am™ @ wd saifag e
1 @ e TF-=f= @ a=E 79 $ g3 § o yEE R S ge W ®@ 2 99
T <@ A Y WAl % Hiel 9 & Y B TEeH IR YA % faero gy fied
T f ST E A
IRONY, WA, W6, q 3R FF U 39 U & fAuug aw s, diad S
FEgel 1 W 9 & Ia BF H1 S UHIO 21 US98 TOU dies Hie d
T W HEE W S0 YIS uIg 1 A Hdl €1 Todl ViR 1 W 41 91 Jeord g3l ©
IW ik Fa § ug-fagm & &9 § Hia o0 TE, e Y % W B WY w fati=
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ygel & Frerdu, A 3t 3% fafi= W &1 3R 83N ISEE § T IEEEY IR
T STER ©le Wi % T fRa T € @ TE @ % "9d § 'Y W fqete g
H fuem yRw s &1 fafv= aafas IR snfds wfafafial 3 59 =@ 9 Sea-am9 & 'R
H S 33 XA IWF WY & IAP qhAhl TH IR HIE 7 TEAT % AR 3N
Ferd: SUhI AT & fawm &1 giefea fFman

afceh wIeid Wgstl 1 Yeed Ufaeids o § o o4 @i odfees Tl 6 =,
4, wiet, TR 99 wifedrd (i), T (e, §@m, g (f) =i anfs w=i
F1 Iooid fafg= uigs & A9 % GG F HNYE ¢ TdweE Fa Adure ¥ 9| e
& T =1 Tew e T fafv= =if O @ s o wdem = s fafas fafudi =
Joor@ Yy § femr T @1 e U0 & ot IS € M B 3R] e el 3fesd
AR YZM H, ST THel &l Aied adl S0 o1 &1 IHT 9gF &1 fafy =1 3ce@ gen
2l fdt g W <@l g &1 fRa w6 frgeer e =g Sifee See d@ey § o
e ura & 21 39 4 @ e, S99 Yael g 99 3% ZhSl i wWigd 3%l A
FE SR ITHRIR FH & Fay T o 39 U TR J@ W o1 T H uEwei faer §
3MF WhR sh ATYE w1 @ g eon fafv= gfda & o gee e e 39 wma @
MY & Whrl aul oo SRe F IEER 95E N e
HIq Sl YE TE AL H A

UTd i Y[Gal S SIY[Edl &1 FF Wt 39 UHY ol 3G H G HE & fafy 4
i ufifaq & qen Wew uga & fagm 9 ot 3 wfifae 91 399 98 o= € € fF v
e w1 faE B W oW qen uig % wrE faw w3 oaen ° o) g WeiThis
% I9d B H @l qfomm @ fw uny, fadeg 3 el wsu wfe = B 9% 9 #HJie
el 39 IUN FH =l ® FRO 95 A 9 fawfaa oraen A avy @ e T @
I WA w1 o 3w g em gEsRvas Iufug § wiew & Ivo@ € W @ Al
w4l At U B o1 SR (M) A 9t (STWW) F O Ieo@ ¢l Mg 1 Wi
F1 Uhfas G @i W R A1 SEl 9 3% W fERa S o1 o @ iR 9t e o
i 1 firet €1 770 1@ g-HeerEl, S%Wq, T, Wiel, 9, g, el gl

U e % el & 3o O 991 WE W YUl i Wi 39 ST 1 A9l
w1 U T URfagd, Juned, WEQ, T ol Ul § Ww S W R gonfaal 9
A WK & AU T FEOH 1E ® A9 Bl € 36 Taus 9 favm 9 9 dien, s
% a9 &g, T 94 au hvmEl, IvoH, AfeoA, To=E R § g % 09 3N FIR &
A 3E WT & ¢ TERRE $ ATER WAl W TF THR § UGS & gh ot sg-ar,
i@, T, T mER skl 399 9% f9ater TS & SR W T g
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< faer o & Wew 99! WM 0 WE o €1 did ! S eqrE el o
ot Siaa s Sl off foget Siea Y=o € TAqREn 1 o1 wY foes wid 9w w6l
TS N U W A T B Fifeeasha AV o 9€f el § Uig ¥ STS-IEl & 9
W 1 Iooi® a1 € 39% SifafEa 9dd, |19 39, SR 3K &1 941 &1 9 Seoid
fFm T 21 'y SR 'uva' (ug @ 9 GmfiE) w1 Seoi@ Wid: g3 &1 9 gl § g
% Y HYA 9

HsTeid Temee § 9F & 9 9 390 @ 94 9 o1 | §F =1 fafss Sor
g off| LAl & STER 91 & ¥, MeSR $ek, S fwiad, b e o7fs Teai i T 98
g dd & 91 ©F ® W@ W FH & A & BsaE 5 S oan 91 % 1 w5 wEbm
WOl Bla1 ol 99T Y=o 0 9iel 991 " & faee 7am fRd 9 4 9/ | S
39 9q fava gyfag o1 fas=<t &1 g@a & IR & ®9 4 ©d #1100 v fga
ol g W &1 98 Add Y- g3 S @R § 91d €l &l dear] &l 981 @nd
4l Sie o 94 gV, ToaR &1 BId, 95 919, 96 ol STTe 9, 2R, S & g g
T R 9 9 UeSfa % 9eYrE ¥ 36w ¢ R 9F % SR @ieR wedd 9l
TR T SMUU W FEIT T B o 3 9H & wvsd, fedie, e onfg e ww
of| AW FTd § e YhR & YU & YoeA S 3@ gueidal € w9 e §1 uefags,
AIfEFETE a9 J9Tel 1 GREG 9 39 W Udi| Y USdl ¢ ksl 4 UE a9 & @l
% 'aeFn = w1 wam few ) e oA o, @R ® Tensn 399 fafi= wer @l
gl AR FEn <hell v 30 9 Ui #1 wen o faww sIfues gem am w1 wam favm
w9 9§ 3@ guy fe S on Srel 9 S Ay avaRal Wd g8 € SR 69 oy g o
foet 21 3feror faem | &7 oW w2 Ww g € W W oft ¥ wag afuw fafie
gearis ¥ WE U 1 W S 4 0 wad oifus fafte § geurne 9 wre el 6 99
ofd 1 gSifaftn SR F1TE € YA TE Sl B 98 400 30 H oA € WIS
H U 2| SHH I Th T € 991 T€ & TR W 996 OAR B TE T -3 T
S 70 T 6 WA W I el @ ©e WY SSHaT SIve @ T 6d T 8l 98
T T2 F1 ¢ AU SHH S99 23 21 T A o= 9 1500 96 UH oI G § @ 2
T IH W IEEE AN A A T THH GO IS F @ TG T Fel Al
T e Fa 4 Us 58 ™ O% F1 9% 99 T e 9 Wedd (A 94 W@l
S stefvmer @ @ faem @ €1 T YS9 A S Ul wa d off o e
G Tl TR TG TR smar an e & fafim wngstl o oo & qen YE uig |
fogm @ =i fafu ¥ 39 g om sffed &1 ugsn = o, 399 gEd 9 Wl
faemer 391 ' f@fda 3, TR a@ Afed 1, 3T hal & diled STHER WRH
FH, TR 3ood mfddl i I9RA anfs =1 fafy € 3 oftfaa 9 st & R0 e[ 7w

Journal of the Banaras Hindu University

302

@ Scanned with OKEN Scanner



UGC CARE LIST JOURNAL  Impact Factor-6.87 |
3H-65, WIMT-2, I9 2020 ISSN-0554-9884

January-June-2020

IIH & faeh ST adee § 39 U, Y@ g # el AGfaal | S@l adEe §
HAd ATRUY, Y[ W W FHA1, AfdE fEe, faevh seEm afE % R sEafase
TA IEE F (Rl ¥ wHAE, EeE faemded sEa # faea § ew wEm mE ou
&1 T 9 Y[g WIg F S9N Tokl YA S @
TARTCA ST T

g foam aArl ® SESE % A9 YN 9 N 999 &1 Ateqei o
foed 21 37 v | UR wfe ue uEs % wEm F 9EEn e w2 @ g fafes o
famm 29 g T S =n == 3 = 66 we & f9% 9w gga 3 =, 4, 9,
e, 74, W 30 Waa 99 fogug % fafEade swm a5 Seed § 7 T A v m
fagm, AreA S = # GuFEE 949 99 2, 3 99 @0 aifas a0 § Had 9 S0
TS YelEvTE N TENY § G faur wfawiza R % e Al sim
ZEds & A GaReaE Yot 8 foen T € e 5w ung wefed @eEa s ae faEe
=1 favre fag= wra &t 21 39 79 F @i, =@, A4, 9En s & sEe & fsdn
A7 3IHF AFEFO FI e F Hay °§ [amr 9UF W w6 21 39 YHE FHavTEET
faen 7 fagmi @i fafercda S99 =narf=ma < gam)
forea faam
e faer o foeufaam ot 3=@ smEeen § o fafam R % fewwn amm
FE T U wOd fTEd B A F d W 9T W% % % 9% SR 39 99
(Farel) d STetehl aual o1 9 UfHd & Ferasq qH Hedd g Sal 91l wie &1 wEn
T wTh WEd o1 3R 39 92 % & fou wa U F = @ g e @ 3in
faefaer =1 sma fead 9 399 ©@ #3181 A 91 92 Uk Hieen 41 g1 Hisen
A1 1 YEY THE] H TR FG AL AE H A IH F AGEY AFEl F 994 F44 9
¥ 1 YEd FAHaen AEE e 9 91 9 RSl & FIun &l @RSl FEA W q
aife? 9| FIE 9| HAS FH A F forw 59 H At w1 gam fEwEm s o e a9
50 g e 1- T F T o T v A9 F fo AR A e v w5 o
e gadl o Hag Was hedc dYgie @l el 91 el fEd 3uga (|, s@m ni 9n
7 93 % AFHHY IAME|) H 99 AE @ Fel H4 FE W AL e 61 g Afameig
T 1 UHT SR SA o 9SS g8l & Sel-ArEt S R IS aied wa SN
¥3 WEN F FEHL AFE FI ZA 91 TEL H ARN JAX HLAT A1 TN G497 FE GHE
GTal & M H TG g0 AN-SEs IE-90 ¥ dieRl 9@ @7 @i 1 g, geeEd
FTew, At ST, fRemEer, da-a § we 39H A0E, S0, 6, 96 9o 3 A
TSr, Ji9 49 ° FE #1 Fanl, SAE-FiE T4 % IER e F1 fAfda s o =
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a9l #d H 3AE # 5291 sga @9 (Yed) & @4 g0 FIE (F12@) HYE W &
TR T4 EU FE (W) H T A R W OG0 WM AT @@k W mel ® e e 39
90 WF 9 g 9 9 o 9 91 aoveE 39 @ ¥ fafea # sm fagd w oA
A BT3 fG@ WMl R, FO, Georl (Yodd) Hael (S S A9 G AR 5em |
favmer =1er), 7@, 35, #feg 3w sm=R (sv=fi) 9@ & FEE =1 99 § s wE=e
% fou fF s/ an 9@ U uE #9899 & fou wfaem 9 1w Fms @ s
o ™ FFer & fau f@ = Feg § 59 90 9 @ Fe-gFe ff 99 9 72 99 9
TS 9E "W HwH F fou fResd (Teer) w5 owEn e S oan 39 TR # e H®
HATH, TEEAA 37 39 0 99 43 99 3R 9H S 8 9 91l
Toeem fasm
fafm-merg # 9 9 ug W@ SW-aE 1 F URiaE 90 § #@ 7 o oan 20
g0 08 of vEEst W foEsl #1 wEm wiR-fawt § g ami 30 90 B9 vErEl § & Ea
9% & o Tl 8 W foes fod § 399 @ sfusiw &1 999 41-42 79 €1 gem: 4
44-45 T F9E F W T TEZ F AEF 9 T F foew wEe, 92, e @gan
AEHR T AR AR H 1.25 X 0.9 39 92 30 HP 0.9-0.8 39 TR B T T F foaw
3 % W oivem U ® T FEE A W § s AR § A= Sen @ 9w 2, %59
Fen fil €)1 399 4 #9 M99 %1 589 9 A 9od @ {5 9 2 e uE F UF ® IW
UF TE@F qe FqeEl GEn g fEu w2 e foew ug-mierl F1 wes 99 T
€ sfueie fogesl W 9= 7= fa= %1 9= 0 wfed 2

oY AR H diel % | foew T aE 8 foe § 39w a9Ee #1 2@d § o
f& 4 9 & qaa A2 T F FEH G40 0 ¢ AW I FAE F Fwed FOFE @™
T T ¥ Few: SuEw foEE G2 dwn sm Gmm 2 W fags gvEn (9,
faer) @ foa1 2 9 9901 99 F2H F90 0 ¥ A GSie ¢ GR-Haer % 9 3 @t
IR G 1 TFAN R AR F Fe o # S A A SR % A 9 U 2 "9 OH A 2,
3-2.3 Haer e g9 d 5.25-5.4 (81-83.5 TH) & g Hifga 1 w2 = foww o
foe & 51 99 T I FIEHL @40 T F| 61 A9 4.6 TH AT ASTE AFTET F T
A% U & e WEed W W (A e € S99 99F 3.04 3R 345 UM ¥ AN
Y # Toid g guE 9 H 9q # GRS FEwR F1U Sd 4] J6d ® ZHS FeA
F A% AH 97 F Gqfed # & fou s a9 # A 9 Fea o s a3
fagsl & zm@n fo=-f9= 2@ 491 2e" F 9%41% o dd & 996 99n fFu 9@ 9) =4
T | did # fae 99n fRU S 91 3§ aAre § qi"l @ w3 e s on 3 '5ie
wg: faedt & w9 S o) Tien faedt § aafem 99 F e F 36 WER sad 9w faed
H 39 g% & Ied AHG B9 AN W WER d9R fFu U fagd % v @ gEn a@q i
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4 di4 w2 99 9 fEd & wema yen afz ® «f @9 ek 9 fuw s w2 ari =
AA-Fe 7 HHE T4 9 9% w79 W W R @ fF am-de = e o # oA
q W I AA h A U WA % T uw e A el o e g 3EE foEel o
el Sl effl S| ug 31 el WH Wl 9l 39 W 9 @1 sAfkd B9 3w Sn s
faa=r dam & s e
frend
i § fowm a R % fou o' (u|) g (afn), am, SR (FEen) T (A,
qew (FATh), qieF (FdE) sfawn (fed) @r fdaes (av) wifz 3w =1 wm
fF S o o W Yew Wi (g9) § TEE AR W OTEE 3R 4R § 9rF fF S
ol fFr urg =1 fei (sfusoll) W w@a 2die 9 Yiest qaen 99 990491 S 91 39S
A% FAE! G FEHE BRE-BR FS AU A@ 91 UG F A HSl W fHAa-IF A
(eFat) Tagsl &1 w9 fear s a1 3% Fie-vieaw wHfed 9@ &1 w9 fa@ s e
afqerT=, dih, 99RI, F2H1 T, mmmémﬁﬁlﬁmmm{ﬁmﬂ-ﬂﬁ
T ded gaa f9a-3% % 9W 91 UH g F HEd qI FeE o o HwP fGew s
ugfa ¥ ff 70 99 o) 3% 990 F fafae qew uq fafvsa aen § e St o @iw gfh
Agal fedl oaa 99 W faer § S ot 99 9% 3 9 #E SN 9Rel 1 faa
Fal 91 Mg IH @ SHA § U4 F IT% IW 2% A faa (FEA) FHfwa w1 fEE
S 91 39 Ygfd 9 FA0 faes F2 @ 99 W U 9 ¥ Ued % (Al % U d T
faa ifera foFu A g @12 o 31 @R @fRa T S o)

HE % #HAfaq wa § =Y e vwR # fHew a9 o A g w5l
F0 2| 2vft 7% A 6 Taew foe € s a9 11117 19 9% 71 58 q@ F SmE am
WO 9 W OHYdl S 39 Faeal g3 femm w7 Wiede 9r wWoE m =g 2
TEE # famud faas off fae &, foms 9@ 9w . o TgEER qen w oA fow 7
U 9 W EEHT 991 21 WHE W H1 GHE # 3@ W YA Wodl € (% -
TEATAFRTO B T FEOTE 999 7 [E fAE # sremen w9 e foew yefem feu 124
T F A M R % fagw Fel gEm O Fa w9 e g@ am w o
qqg-am feu @g 8 #N ge 9m W @l #Hd W o9dl 21 vEnEl WhR & e
125-127 39 a% & foal &1 afem-stem faasi § To0 F1 SFem-3em AEHE £ IS 9
7 fa=a-fa= g1 § E-9fd 21 Fmwma vew F F@ § ud usn & feEe @ #
foms1 A= 9@ @mem 126 19 ¥ 3@ foEE F IWem W osmuv UEd TS 99 W
ARG =@ W@ 2 IR U8 9 W oEH 99e TEd F9d & 99E 4991 @) feefe wwn
% fom 124,127,131 1 # o1 3 =mufTeD R % |/E0TE WU9 & (99 99ETE A
qEisT W w1 Herd-god 21 TEE $EE # 3 fges 129 1 % fae ) awnfiea e
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1 fogw FumTd uuq # osrEfuEa #1 wdE o T wRR H gE 2 92iehd T,
Tfdz T, FEwTE f5da, GoTE, fAormE, S, ywenee Tw ez # Fwe % =
fags ofif € T a9 F991: 114-149, 144, 42.7-144.5, 147-151, 144.7 HE 144 77 7|
A, WE U Y- sdea #1 fawtga & 0 faesl #1 qfae

TG @ FiE T # Fen ¥ 3fg g3 9nd & T0F U IR 29 & '9 F fava
T 2H o TR H F= fHEs 9w o | o9 T fERe 39 wEm snids afafatuen #3
aTH % fou gen, % W g ¥ Fod: TWaER SAeRdl $ YESE, TeHiaE
fadzn, sAufavam 4 3fg, =i 71 1 994, =R F1 =_AHERO, SHEaEe] 9enad #)
gfwen § asft o7fg favmand fead 33 @ € fava o 39 fagm +44@ 600 %0 90 o
difed (FdaH qF1) | =rel T 92 qE-dnl miEd og 9 9 o 5 (F%s 5E) d
el Sl 4l
Had-

o  HYHER VM| w954 A, I, fA. "=, 2022

o TS TMEd g R A T HIE U¥Eue 32, J0-21

o TEFEA RN, faeE w2 uftag, =, 1954

e TUHI HEl, GRAE fHFE, 9RAl 9SE, FE, 1948

o GNA & YAwloiw (99, favalaaed YwvE, aRvEl, 1984 U6 WEE 0 S9RGE gE

favafaaem gwem, aEoE, 1988

e Astadhyayi (Panini, Edited by S.C. Basu. Allahabad, 1929, pp. 101-52)

e R B Witehead. Indo-Greek Cons, Orford, Clarendom Press, 1914, pp-7-9

e (G.N Banerjee, Indo-Greek Coins, Oxford, Clarendom Press, 1914, pp-7-9

e DR Bhandarkar, Ancient Indian Numismates, Commerical Lectures, Calcutta, 1921,
pp. 19-24

e S K. Chakravarty , Study in Ancient Indian Numismatics, Varnasi, 1973, pp-23-28

¢ A Cunnigham, Coins of Ancient Indian, London, 1891, pp- 5-12

e (R Singhal, Bibliography of Indian Coins, Bombay, 1950, pp-26-73
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qHTGHIY

It 9 @ sfeseR 9 g 'R ewfR

HRA &I HYAT HIhRR

ay 1991 ¥ URH g A AIfd & 919 yEeeidRor b1 AR e FEwel & 44
ARTSS W 39 $Hax BT T o7 &6 I < # fAfwior Heell =i o7 wRevr ud Haw,
MfRaT onfe faaR <frar =l | o o |

SR® H MR S BRA gY AT DI Ig Hobd QU S %8 o1 b 98 9RA H AU
| A AT AT Yo W 99 Febd & | I8 AT el Srar off b faqel | da—goi siik
IR M $H SRE TR M & HROT IYAGATSI Bl A T el T iR 96T Siiad W)
JETR B ST |

Jaelsl der &t ®wal & Avide & §1q 9T TYIR E1CT & 37T A <
<@ b 1991 & 918 W AR AR 2001 (Sd I SRR & F&H 991) & 918 | AR
SATET ol W BRI faoell UR =eT gear AT ST 2012—13 I 190 fAfere Sferk & uga
TIT AT| 9§ 2013 & 91 JRERT T B BHIAAT # FR1aGe & 91€ THART AR 1T HH 1T |
Bl gd 916 9 I8 9o WR W BT (BIR 2018—19 # I8 184 fAfer SfeR d& uga
T | AHST ST AHhdT § f dfs &9 S S ST R o o i gANy fniRar faget
3R a9y dR R A9 W e 9¢ TS off | BHAR ST AT A1 4 BT AU AT U1 &HT
PE PH WR W M B ol I | THBT MM 3RR AR AR o W T |

Tdh IR URARSG BN # ISR Gord @1 F9EAN 81 8F SR GO IR |aT &3 o
ISR & WAT IR PHs IR Tcd MaWRI B BRI AR Jai aRISHTRI g g ol | faf=
<RI & Hed AT, AND, NTE fhcw, <RET fhew a8 &3 ARkdd Suavl & fog @9 ™
fRAT 9 a1 7 Faa R, dfcd TIRA AT BT FHd H o a7 ar| a1 & g8 A &g |
M 5 9 el S I8 F' @ o 6 BN I9Rl BT | & fory T e ¥ Wi o
T IR @ &5 # AAMHRAT &7 R T8 a=1 ARy, 9 § < BT TRE R B
o

geraat We #IST &7 37Eqrd: Uvd d I 9 WHEY SdlR g @lel b
ITANT TG NI HRA & 916 39 ASMRI & HDHS & dold YIHA TR ALl [0 STl
H AR Albd AT M SATET BT EIE 3R 9P folv Mg iR UIcdes &l 91 &)
Re &1 RO ypR 4 919 & g8 ¥R 9 I8 HEMR] Boll 3R IdD q1G $HD] WITaEdl bl
fosurar a1 3R 39 dMRNT @I g A YRIRING d)A &7 gfear &M 9F A fean, e @
s § A9 & ufd e @ra 21 9 g § A A @ IRWR @1 ARd © | IR § A
AP AT AT A & IREPR BT Hhed of X8 © | dERT b UG ANRS AIH IS
@ I AT B IREPR b FeI F df ol A B RITh b Ifiied el HR AT 81 AT
AT B AT BT IRHR a PR & B T, A J I Il Wkl B UfT M W IR W® B,
IRAT fadwedl & Fgerma 1 3 @ & 3R WHR A A AT AP $1 TR W o1 B & |
AN ufal dr T TSR Y IER TG B G GIR Uhed il 2] 9 B IftR R
THRYRAT @1 IR A waigarh 99 U g

(]
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A AT ®T [3Bey ] €D IV BN B Whl 9T HH: HTB VA AT AT ©
ST I8 Pe- BT BIRRT B B 2 b AT ATl BT SRR A%hel 8l 81 AdbdT | Blailfe awa™
aRRuftal § 7 99 & IRSR & 3N &1 a1 goor & o1 B, fhe 98 T8 afed wRA
DI PIRTET TH R I ¢ [h R P eFar & dei fb 98 =1 I & fAdey < 9@ iR
IEEHR P THA 1 G| 9 FH S&BIU I © (b IS BARI IFAT—AT UHR DI
e arsi & folt &9 e wu ¥ I iR T Jodi W 1R & | S@1 e 2 & &
SdT TN & oIt Fed ATe, Seldgi-ad dagal, A R 3Maedd Iyl & fog 99 W
iR 1 0 ¥ A9 &7 IRWR s ST B INTd Bl el <97 IR B9 Uyl I 9ER @l
SITQT | I I8 AT B Dl BIRRT PR 2 & b 9Rd BT P A8 A ARAMR g7 98 &
A& 2|

T & ggel 899 HUGAI & HIeT v HoiT T: I8 HEl ol &l & b & A1l A
TARI AT BTH! &flvT BT T 8 STy 89 9 I S8 ST BT 81 US| I8 el & &b
fUsa o T I A A1 BT ST IR PR P N B Fgold AR B I A &
MY, AT 3T AEMRN] & 9T &9 IO &dT ®1 Arfed f1 fear 2 NS faew, A,
<RET faed, dfieeiery ST IIERT 2| 781 ol @1fey & 99 | Ugel &A1 S &l
T W UO oT| 3fAReT &1 HRIHH NIUATAd], A9gd Hrihd, AdeddR 3fe IRd &l
grwarell BT uRafed axd € | vdieng (vfied sERgfehe sTITTEH) BT S SaeXv IR—4R
fear Srar 8, & 98 e wifRy fF 9 W udiens o OW W ed €, S W 90 ufiera Qe
# & 9 o

vel ST st e v SR% der & @rvor H A sra ' AE @
ST & IR IR REA @ gfoRmgl & Fod R YUIg ST gqTfaa garm| 8l & o
WHR ERT 39 IENT BT GAuiifad &= & oIy 3,000 HRIe SR &1 Yool ggat | 8 Oifdd &1
AT & | SR golagiad & oy 1 42 TIRT SIS ©UI BT Udol o7 ST &7 & | TS S
SIS I 3R SRE ggM & SR A A Mg ue B IR ' AN & | AuR =l
TEd & O SUH 2017—18 & d1¢ W fIRmM@c T W& | 2017—18 ¥ IUT 63 IR SfoR o, Ol
2018—19 H TCHY 536 INd SloiR AR 3 2019—20 H 486 IRG SioR & TIAT| T ATdhs
JMHMHRAT DY FTFIAAT & Tb DI WIRST HRA 8 | Ig AN gRT N IRBR iR arciid #
IR §RT B Ul &7 gRom 7 |

IR AT AT & IRPR B U B TS ol M Tl 981 & II9 F AT | IR
s HH BT Ahdl © SR BTAR IMAMERAT Bl dordl fAelm| 9Id &xd a9 aqdh A
THSHIHRT BT 7 < H 39 $Hax gdl o & Nfa—mir I8 |k 781 o % o & gg a1
TR &1 R & <97 BT AR BT fhd=T Mawd | Wads W~ & IR § al A
IRl &1 I8 3ol TR TSl H 3MT gdl B8R & didersd &I ad § R <2 # IfT IRial
BT Yo SUAE] HRATIT ST FhT df STd UY TART W ATAMHRAT 81 8 | o 86 o=
T gl @& aR # ft 3t R A B SR 7

gGelT W1V fAddreT &7 AlGer Alsd: 99 1991 ¥ YH gY SMMAS JIRT BT a1 B Al
S G B A FEfaRl 9 wEr o fh el & 91 < # O ArduiNeG &5 R emenRd
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PICT—ATSAA o], TNe] SN IR WAAR IR TG IR & FRE0 BT AT S T 19w
B Y €, 3R 3@ & yadiol I SENIaRYT, fSHaxvl g qHSeliaxor &1 AIfd IR == 86 |
9 A & WGRI BT 1 o & 399 ST Ay #§ paqd gfg 88 | Sl W & &
T &1 Ui AFT S SR o7 | S R ARIH AR B WRY JHA R |

s d U T H RIS Aoigy @ <9 ¥ B S E B Sied @ Herd
AIITHATT I ST, HUST 3R Fh A ¥ ] T dfrd & | ST AT BT ol 59 91d
A AT @ T B fe & RA & dAlpesd & So= Rafd &1 amr 7€ &) uig 8k amud
U g SN & forg qry 8 Y| ueH Ig ® b Sw@ URI &1 €9 WRA drell onfdie Aifot
TR AoIGR Bl AMf® wU | GYh FI T8l 997 s IRAd H Ig YeAuroll dl AT TR
fPam @& 9ol & fou o & 98| §p offes 5@ A & uid @ <a 21 fvg ufig
IR IR BfUce 9 <A B AN Jd & o@d oA U] IRA™ M A1y &
faeetyor & 9g I foad © b 1980 3R 2014 & &= 7ol 1 W1 85 9T 66 UIed
TR SR @ 10 U ANl 9% €1 ugar iR SEH W IfmET A 33 gRied dr R & A
T URIEd @R RT &1 SWTd R foldr 3T | Al 89 Aolgyl &I S0 <@ df U & fd 1991
H IAET H o™ BT fIr 78 UfAerd BIAT o1, ST gTHR 45 YA X§ AT B, STafd A BT
e 19 ufdrera & gedx 52 ufderd 8 T B

Y 1991 H 37 P Hifad AsIqy] Al A AT d¢1 7, ol did W 9 B8 T 98
TS € I aR<fded Foiqdl H AMell gfq 88 & | U ok S8l arR<idd Siieidl dH—d—dH 10
AT 9 TS 2, AGIgyl Bl Blold 98 9§ da} Bl s | Wi AR wER H o W ugd | SMal
e B S | Aot Refy ag ® 6 wfg #§ ufy @afe ema Ay 23,000 w0 iy 99 8, efd
IERl | FE 2,90,000 H ARIUNT & AFN g F 12.3 AT SAGT| 39 19 dfd ugal | Ra1eT
dferd BT Y| ATEl ¥ e’ H ORISR 3R IEAR Silgd @I A8 H MY AGIRl Bl AR<IdD
BT 3TToT sdhi R fawmrg € &Y 2|

IS S’d 59 d1d &1 2 b fddrT &1 9= dised dgell 9V | HRURE, THSIRIS
IR TGS U R IR Afed B 9adl PR UH VAT Afsd a1 RraH IR &
AII—AT ISR, M AR FURT & Ao &1 W1 &9 @1 A, ad Ja9d gai iR
JaeaRl & A fAafed e 8| ga=HE Re A1) 7 87 81 § RIFR WX W Sred &l
AT T B A1 Pl ® S g W RRAT B B HEN R Y g HER SN dRml
PRTRI & [AGRT S AR AR & SITET AR g TR & forv o1fdd 3 & srgaR Y
UG BT | W@eEll iR WEedd R SMYIRd 9@ &1 I8 dAfed dda oy §od & 9gM
AT BT | 69 ITHIVT STt &fR o= nfdfes wTfcrfaferar & amer wifa +f gererel & |
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