Key Indicator- 3.3 Research Publications and Awards (25)

3.3.2 Number of papers published per teacher in the Journals notified on UGC website during the

last academic year (10)
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ABSTRACT : In the present investigation, ascorbic acid, alpha-tocopherol and their combination were used as an
immunostimulant on Asian catfish, Clarias batrachus. For the present experimentation fishes of average length 2045cm and
weight 150+200g

Group 1T were

tocopherol and group I'V were administered with the dose of
phagocytic activity is considered to play
v&nﬂunrﬂﬂi&mhhﬁum
index. The phagocytic nssay were
mdlhu‘:mﬁmummdph

were used. Fishes were divided into 4 groups namely 1, I, [T and IV. Fishes of group I were kept as control,
administered with different doses of ascorbic acid

» group 111 were administered with different doses of Alpha-

combination of ascorbic acid and alpha-tocopheral. Macrophage
a significant role In assessing the non-specific Immunity in fishes. The effect of these

studied on 5, 7 and 14* days. A positive correlation between ascorbic acid, alpha-tocopherol
agocytic assay were observed as compared to control.

Key words : Ascorbic acid, ulpha-tocapherol, Clariar batrachus.
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INTRODUCTION

Aquaculture. one of the fastest growing food
producing sectors. is gaining momentum in several parts
of the world (Labh and Shakya, 2014), Agquaculture is
also called underwater agriculture (Khan er al, 2011)
Several commercial fish species have been cultured
intensively in narrow or enclosed spaces such as ponds,
cages or Lanks under overcrowding or high density
conditions. thereby cansing adverse effect on their health
with a potentially stressful environmental and infectious
disease (Jadhav et al, 2006). These pccurrences have
spread through the uncontrolled movement of live aquatic

animals resulting in the ransfer of pathogenic organism
among countrics (Lunden and Bylund, 2000).
Unfortunately, antibiotics treatment is not successful and
sustanable due to increase antibiotic-resistant in bactena,
negative effects on the indigenous microflora of Jjuvenile
or adult fish (Misra et al, 2006). The manipulation and
control of fish heath and production by natural substances
has been identified as an important area for future
developments in aguaculture. Immunostimulants are

dietary additives, which enhance the innate (non-specific)
defence mechanisms and increase resistance 1o specific
pathogens. Immunosumulants can be grouped under
chemical agents, bacterial preparations, polysacchandes.
animal or plant extracts, nutritional factors and cytokines
(Sakai, 1999). Immunostimulants are chemical substances
which activate leucocytes (Lunden and Bylund. 2000).
Some vitamins can also be used as immunostimulants
Some major vitamins like A, B, C, D and E have been
reported to boost up the immune system by strengtheming
the activity of immune cells during any patho gen antack
or in the case of the intrusion of some toxic materials
either inheld from air or that may be present in the foods
(Aslam er al, 2017). Vitamins have the properties to help
the body in fighting against a variety of illness and protect
the body from damage cells. Many foods contain vitamin
that promote, enhance and regulate the immune sysiem
(Aslam et al, 2017). Jain er al (2012, 2015, 2016) also
worked on natural immunostimulants like garlic, vitamin
C and Curcuma longa. Vitamin E and ascorbic acid work

closely togetherin stimulating the function of the imumuane
system (Romach er al, 1997), «,
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Iﬂquanc animals fed with high doses of vitamin
exhibit improved immunity and resistance to disease
(Tewary and Putra, 2008). Vitamin C plays a major role
m actvating and maintaining the function of phagocytes
(Pardue and Thaxton, 1984). A

The appropriate dose of vitamin E can enhance the
generation of antibodies and complement activity in
response of antigens, promote the proliferation and
differentiation of lymphocytes and cytokine production
and improve cytotoxicity and phagocytosis (Villegas e
af, 20069,

MATERIALS AND METHODS
Experimental flishes

Cathish, Clarias batrachus with average weight of
1504:200g and 2045 em length were procured from local
fish market, Meenn, UP, India. They were kept under
observation for injury and disease conditions, and only
healthy fishes were used for this study. After washing
with 0.01 % KMnO, solution for 15 min, they were placed
in glass aquarium (100 L) containing non-chlorinated
water. Prior to start the experiment, the fishes were
acchmatized to the foed and laboratory conditions.

Experimental design

After acclimatuzation, fishes were divided into 4
groups, each group contained 10-12 fishes, and groups
were named as Group 1, Group IL Group Il and Group
v,

Group I : Control, injected with double distill water.

Group IT : Injected with 0.5 mg and | mg of Ascorbic
acid. The dose of Ascorbic acid more than | mg were
also injecied, but survival was very poor, it was not
tolerated hy Nshes,

Group III : Injected with 0.45 mg, 0.9mg, 1.35mg
and 1.8mg of Alpha-tocopherol.

Group IV : Injected with combination of Ascorbic
acid and Alpha-tocoperol (0.5mg+0.45mg).

These dose were given intraperitoneally to the
respective groups. These treated fishes from different
groups sacrificed on 5%, 7* and 14* day after the dose
were given
Percentage phagocytosis & phagocytic index

The [ish splenic macrophage monolayer was
prepared according to the method of Namaware &1 al
(1994).

For this fishes were anaesthetized, spleco was taken
out and passed through nylon mesh into PBS. Splenic
cell suspension was collected and centrifuged for 15 min.
Supernatam was discarded and pellet was resuspended

Ankila Singh and Seema Jain

in 10 ml DDW and PBS (10x) for RBC lysis. This
suspension was centrifuged at 1500 rpm for 15 min and
supernatant was discarded and pellet was suspended in
RPMI-1640. 2000l of cell suspension was plated on each
pre-washed slide and incubated in CO2 incubator lor 2-
4hrs. Shdes were washed with PBS (o remove non-
adherent cell, 0% of the adherent cell population was
of macrophages, Then macrophage monolaycr was
flooded with 200ul of yeast cell suspension und
phagocytosis was allowed to occur in CO2 incubator at
25°C for 90 min. Then slides were rinsed with PBS 1o
remove exira yeast cells. After this slides were lined in
methanol for 15 min and stained with Giemsa for 20 min
slides were washed with methanol to remove extra stain
Slides were then air-dried and mounted in DPX.

% phagocytosis = No, of macrophages showing
phagocytosis/ 100 macrophages

Phagocylic index = % phagocytosis x Mean no. ol
yeast cell per phagocytic macrophage.
OBSERVATIONS AND RESULTS

The data obtained from the above experiment were
subjected to statistical analysis using software SPSSv16.0)
The result indicated that % phagocytosis and phagocytic
index increased significantly (P <0.05) in all the groups
and on all the days tested as compared to control

In the Group I : fishes treated with Vitamin C,
highest % phagocytosis response was seen with a dose
of 1.0 mg /100gm. Body weight on the 5™ day and highest
phagocytic index was seen with a dose of 1.0 mg/100gm
Body weight on the 5" day.

In the Group IT : Fishes treated with Vitamin E,
highest % phagocytic response was seen with a dose of
1.35 mg/100gm. Body weight on the 14" day and highest
phagocytic index was seen with a dose of 0.9 mg/1U0
body weight on the 7% day.

In the Group IV : Fishes treated with combination
of ascorbic acid and alpha-tocopherol, highest =
phagocytosis and phagocyuc index was seen on 7™ day

DISCUSSION

Various immunostimulants are now being added
fish feeds and vaccines, In some cases they are injected
alone at points of time near predictable fish stressors.
Immunostimulants are effective in reducing mortalities
in farmed fish. This study has shown thart all the non-
specific immune parameters of iImmunocompetence were
affected by intraperitoneal injection of the above said
immunstimulants.

Macrophages are considered to be the principle
phagocyuc cell population in Gsh and the production of
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the reactive oxygen intermediates, a major antimicrobial
mechanism (Adams and Harmlton, 1992) is also well
established in fish phagocytosis. The present study
indicates that both percentage phagocytosis and
phagocyuc index increased significantly (P < 0.05) in all
the immunostimulant injected groups at all sampling times
as compared with the control,

The role of vitamin C in enhancing the phagocytic
response has been reported by several authors (Thomas

and Helt, 1978). The phagocytic index of peritoneal
macrophages has been shown (o be significantly lower

in runbow trout fed with a vitamin C deficient diet
(Blazer, 1982). Ascorbic acid deficiency also sigmficantly
reduced phagocytosis of Edwardsiella ictaluri by
channel catfish neutrophils (Li and Lovell, 1985). No work
has been published on the effects of vitamin C an
Phagocytic Spleen Cells. Jain and Varma (2015). as
published their work on Immunomodulation induced by

vitamin C on healthy and immunocompromised Indian
snake head Channa puncratus (BI).

As our similar results were%iso been observed by
Waagbo (1994), according to him vitamin E protects
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Fig. 2 (b} : Phagocyiic index observed on varions assay days after intraperitoneal injection of Alpha
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macrophage membranes from peroxidative damage by
free radicals and thus has key role in the fish immuniry.
Supplemental vitamin E enhances antibody production
agains! pathogens by promoting increased proliferation

-tocopherol in nonmal healthy Clariax
e supmificantly different (P < 0.05).

of antibody-producing cell (Tengerdy eral, 1973). Vitamin
E plays a crucial role in regu ating and supporting imimune

system function as a potent antidxidant {Jaya-Wardena
et al, 2020).
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The result presented in this paper demonstrated that
ascorbic acid, alpha-tocopherol and their combination
were 4ble 10 produce a significant immunostimulatoy

effect in Asian catfish, Clarias batrachus.
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Aguaculture has been fastest growing industry for several decades that
include fish and shellfish production. Culture of fishes in narrow space or
uncontrolled production becomes the reason of various infectious diseases
in fishes, So, prevention from diseases and (ncreasing immunity is important
for healthy production. There are many ways in which immunity may be
enhanced like use of antibiotics and vaccines in fishes. The use of antibiotics
is mot very successtul and vaccination |5 an expensive method, so there ic
need of eco-friendly and fess expensive methed. Immunostimulants are
chemical compounds that activate the innate ar non-specific immune system
of fishes by activating the cells of immune system. Several witamins like
vitamin E [Alpha-Tocopherol) and witamin € [Ascorbic Acid) act as an
immunostimulant. Vitamin E is a fat soluble compound that enhances the
growth, reproduction and survival by increasing the non-specific immunity.
also acts as an antioxidant by controlling the production of free-radicals.
Vitamin € is also essential for fish growth, health and survival. It enhances
the phagocytosis, serum haemolytic activity, complement activity and
proliferation of immune cells. In past few years, stabled beneficial effects of
immunostimulants in fishes promoted thelr application for disease
management in aquaculture practice. As we have taken up similar study an
the effects of vitamins as natural immunostimulants on Asian, catfish Clarias
batrachus, so, this review is an attempt to throw light on the role of Vitamin
C and Vitamin E as an immunostimulants in fish culture.

1. Introduction

vaccination programmes have been practiced to

Aguaculture is flourishing sector with various
resources and potential and is very Important
economic activity including fish culture. india ranks
second in aguaculture and third in fish production,
1.07% to the National GDP and 5.30% to the
agriculture GDP. Due to intensification of culture
practices In aquaculture, diseases caused by
microbes have surfaced significantly In culture
systems. Several drugs, synthetic chemicals and

prevent and control the diseases, but partial
successes have been achieved. An alternative
approach has been the application of various
compounds to boost or stimulate the immune
system (Sakai, 1999), Immune system is a form of
protection consisting of thymus, spleen, lymph
nodes and some specific immune cells (Coico,
2009). Cells involving the Immune system are
leucocytes or white blood céfs those can be found
in the blood stream or on tissue (Fernandez, 2002).
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The cells that stimulate the Immune system are
macrophages and neutrophils which enhance the
non-specific immunity of the oTganism. Many of
these substances adhere to the surface of
phagoeytes and lymphocytes and stimulate the
production of interferon,  interleukin  and
sophisticated compositions, cansequently
activating the immune system (Bulut, 1998). The
alternative techniques to prevent the diseases has
been proposed by strengthening of fish immune
system through the application of
Immunostimulants, immunomodulation by contrast
'S @ consequence of a change in the number or
function of the cells involved in the immune
response. The most proven effect of
immunostimulants is to facilitate the function of
phagocytic cells and increase their bactericidal and
fungicidal activities {Sakal, 1999).

For the last twenty years, the problem of microbial
diseases has emerged as a major constraint to
aguaculture industry, Increased disease
occurrences have resulted due to the transfer of
pathogenic organism among cultured species of
fish and shrimp, between different countries
without proper quarantine measures. (Sakai, 1993),
Fish like Ayu, Carp, Catfish, tilapia and Salmonids
are often kept at high population densities. This
increases the risk for dramatic disease outbreaks.
Although antibiotics can be used for the treatment
of bacterial diseases, repeated use can induce drug

Immune system of fish (Rijkers ot al, 1980b).
Unfortunately, antiblotics treatment Is not
successful and sustainable due to increase
antibiotic-resistant In bacteria, negative effects on
indigenous microflora of juveniles or adult #sh
(Misra, 2006). Accumulation of antibiotics residues
in fish tissue and environment causes wvarlous
health issues in human and animal, Vaccination fs
expensive and stressful to the fishes. A single
vaccine is effective against only one specific type of
pathogen, but limits the effectiveness for wide
range of pathogens due to the complex antigenic
structure. (Ardo et al., 2008). Therefore, eco-
friendly disease-preventive alternative techniques
have to be taken into account. One such pramising
alternative technique to strengthen fish immune
system is the application of immunostimulants in
aguaculture (ladhav et al., 2006). This study will
give a hand to fish feed industry and farmers in the
formulation of nutritionally balanced practical feed
with and optimum dose of natural
immunostimulants to enhance the immunity of
fishes against various diseases.

2, Immunostimulants

An immunostimulant is defined as chemical, drug,
stressor or action that enhances the innate ar non-
specific immune response by interacting directly
with cells of the immune system and activating
them. Immunostimulants can be grouped under
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polysaccharides,  animal  or plamt  extracts
nutritional factors and cytokines (Sakal, 1999), Flsr-:
and shrimp depends more heavily on non-specific
defence mechanisms than mammals and therefore
immunostimulants play a vital rale in health
management strategies of aguatic organisms.
There are at least 20 different compounds,
including  levamisole, lypopolysaccharides, p-
glucan, Vitamin C and E ete. that are used as
iImmunostimulants, adjuvants and vaccine carriers
in fishes (Anderson, 1992). Among the vitamins, the
antioxidants (Vitamin C and E) are found to have an
impact on the immune systemn of fishes (Furanose
et al., 1992 and Verlhac et al., 1996).

The use of immunostimulants can protect fish from
several infechious diseases and decrease mortality
rates by increasing fish recistance against bacteria
such as  Vibrio anguillarum, V. salmonicido,
Aeromonas salmonicide and Streptococcus sp. Viral
infections such as IHN (Infectious Hematopoietic
Necrosis) and Yellow-head (YHV) disease and
parasitic Infections such as white spot disease and
sea —lice, but immunostimulants do not increase
resistance against Renibacterium solmoningrum,
Pseudomonas piscida or Edwordsiella ictaluri
infections due to their resistance to phagocytosis
and abilities to survive within macrophages
{Perazzolo, 1997). Anumahini (2011) studied the
immunomodulatory effect of p-Glucan on some
non-specific  immune parameters [n  Chonno
punctatus, lain and Varma (2012) observed the
effects of Garlic on non-specific immune
parameters in € punctotus infected with
Aeromoons hydrophilla, Jain (2015) studied the
immunomodulatory effects of natural
immunostimulants on  non-specific  Immune
parameters in C. punctatus, According to their work
they suggested that intraperitoneal injection of
these immunostimulants [viz. Garlic, Vitamin €,
Turmeric and P-glucan) are able to modulate the
non-specific immunity in C punctotus without
accompanying undesirable side effects. All the non-
cpecific immune parameters viz. Phagocytic assay,
Bactericidal activity, Lysozyme activity and
Superoxide anion production were enhanced
significantly on all the days and with all the doses
as compared to control. Jain et al,, (2015) studied
the immunomodulation induced by vitamin C on
healthy and immunocompromised Indian snake
head, C punctatus. Vitamins are vital organic
nutrients in our meal that utilized by the cells of
aur body for proper growth, development, disease
prevention like deficiency disorders, and to

improve immune system efficacy. Vitamins are
taken routinely along with diet and are required In
proper trace amounts so that all the barriers of the
immune system such skin, cell-mediated and
humoral immune response etc, could be sustained
{Ibrahim, 2015). Vitamins are organic compounds
lain and Varma (2016) observed the effects of
Curcuma Jlonga on non-specific Immunological
profile of Indlan snake head, C. punctatus infected
with A hydrophilla.). Vitamins are organic
compounds that are essential for life they are
required In trace amounts for normal growth,
reproduction and health (Gasco et al,, 2018},

3. Role of VitamIn C (Ascorbic Acid) In Fishes

Ascorbic acid is water soluble vitamin and plays a
key role In warious metabolic function and
physiological function, There s a decrease In
absorption of calcium by gill, skin, bone and muscle
in fish when there is Ascorbic Acid deficiency in the
diet {Pang, 1971; Mahajan and Agrawal, 1980 a and
b). Durve and Lovell [1982) found that a dietary
supplementation of 30 mg vitamin C/kg supported
normal growth and prevented deficiency signs in
channel catfish. Li & Lovell (1985} treated Channel
Catfish with 300 mg of Ascorbic Acid per kg feed
and observed enhanced antibody response,
phagocytic ability of potential macrophages
complement activity and survival after infecton
Fdwardsielfa tardo and E. ictaluri.

Whii et al., (1986) studied the effect of dietary
Ascorbic Acid on the disease resistance of rainbow
trout infected with the holotrichous ciliate,
Ichthyopththirivs  multfiliis. Meost  animal can
synthesie vitamin C in sufficient quantity for normal
growth and function, but a few, such as primates,
guinea pigs, some birds and many fishes cannot
because they lack the enzyme L-gulonolactone
oxidase for synthesis of Vitamin C from glucose
(Dabrowaski, 1990). Vitamin C 15 an essental
nutrient in agua-feeds and is an indispensable
nutrient required to maintain physiological process
such as normal growth, immunity and reproduction
of different animals including fishes (Teshima et al,,
1991). Hardie et al, (1991) found that serum
complement activity of Atlantic salmon was
significantly reduced in AA-depleted fish. In their
study they found that on bath challenge with a
virulent strain of A. salmonicida, a singnificant
increase in mortality was seen in AA depleted
fishes. According to Dunsan & Lovell (1994)
channel catfish showed maximum survival ana
antibody production and minimum  blood
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abnormalities when ascorbic and folic
Incorporated In their diet. Vitamin C |5 essential for
collagen formation, wound healing
haematopoiesis and detoxification of l:nrnpound's:
as well as for several metabalic functions including
as part of the antioxidant system. In recent years
considerable research  has been directed t-:;
determine the role of Vitamin C in the immune
function and disease resistance In fish High dose of
vitamin € increases the resistance to several
bacterial and wviral pathogens in fish (Waagho,
1237 Verlhac and Gabauda, 1997). Vitamin C has
been shown to stimulate serum haemolytic
complement activity, proliferation of immune cells,
phagocytosis, the release of signal substance and
antibody production (Verlhac and Gabaudan,
1937).More recently, research with Atlantic salman
(Salmo salar) has indicated that Vitamin C may
protect fish against Vitamin E deficiency In a dose-
deficient manner (Hamre, 1997).

aclds were

Fish lack L-gluconolactone oxidase enzyme, which
I= responsible for the de novo synthesls of vitamin
C, and therefore, they fulfil their Vitamin C
requirements from exogenous sources (Fracalossi
et al,, 2001).Vitamin C facilitates the absorption of
iron and is necessary for a maximum rate of
immune responses and enables & pood response to
stressors. Fish showed deficiency sign if they were
fed diets deficient in Vitamin C (Roberts,
2001). Vitamin C is considered to be an essential
component in diets for teleast fish (Haliver 1985;
Dabrowski and Ciereszko, 2001).Vitamin C has a
distinct role as a cofactor for enzymes engaged in
hydroxylation of proline and lysine, and Is required
for synthesis of collagen and construction of bone
matrix {Dabrowski, 2004).lt was reported that
dietary Vitamin C enhanced the growth in channel
catfish, (ctofurus punctotus | Duncan and Lovell,
1997} and even In Indian major carp, L. rohita
(Tewary and Patra, 2008; Misra et al, 2007). L-
ascorbic acid phosphate (ROVIMIX®*STAY — C¥35] is
a stable form of Vitamin € which used in feed and
several studies have reported the use of this form
of Vitamin C in juvenile Mexican silverside,
Menidigestor {Martinez-Palacios et al., 2007),
Juvenile yellow catfish, Pelteobagrus fulvidraco
Richardson (Liang et al., 2007a), Sporus curata
{Amerio et al., 2000), and Mile tilapia, Oreochromis
niloticus (Barros et al., 2014).In several fish species,
dietary Vitamin C required for maximum body
growth exceeds the basic requirement level for
growth, survival and hydroxyproline concentrations
{NRC, 2011},

Enhancement of growth rate and weight gain
observed In Nile tilapla upon vitamin €
supplementation could be ascribed to the vitamin C
induced stimulation of protein synthesis (Chages
and Val, 2003; Faramarzl, 2012), Dietary inclusion
of vitamin C for enhancing fish resistance against
bacterial infection has also been reported far Nile
tilapia and Juvenile Cobia, Rachycentron canodum
(Khall and EI Hardy, 2015; Zhou et al,
2012) According to laln et al, (2015) lysozyme
activity and bactericidal activity significantly
Increased with the vitamin C treatment In C
punctatus. Highest response was seen with Vitamin
C dose of 1.0 mg/100gm. body weight on the 5"
day In  normal healthy fishes and In
immunocompromised fishes the response was seen
with @ dose of 1.5mg/100gm body weight on the
7"day.The use of Vitamin C alone or in combination
with Echinoceo purpura [EP) successfully enhanced
the Iimmune parameters In  Nile tilapia,
Oreochromis niloticus  (Abdel Rahman et al,
2018h).

4, Role of Vitamin E (a-tocopherol) In fishes

Supplemental vitamin E enhanced antibody
production against a variety of particulate or
soluble antigens by promoting increased
proliferation of antibody-producing cells (Tengerdy
et al., 1973) and by stmulating the response to T-
cell mitogens as well as the mixed lymphocyte
response to murine spleen cells (Corwin & Gordon,
19832).The survival in eyeing stage of the fertilized
eges gets reduced when Ayu (P. altevilis) fed diets
with low a-tocopherol levels {Takeuchi et al,, 1981)

Vitamin E (a-Tocopherol) is another important
micronutrient that affects the reproductive
performance of fishes. Increasing vitamin E in the
diet increases spawning success, egg survival,
hatchability and larval survival of Ayu (P. altevilis),
red sea bream (Pagrus oustralis), Increase the
gonado-somatic  index and  vitellogenesis of
common carp (Cyprinus carpio) (Watanabe and
Takashima, 1977, Kanazawa, 1985). Vitamin E
deficiencies in trout result in reduced protection
against Y. rukeri (Blazer and Wolke, 1984). Blazer &
Wolke (1984) showed that both T-cell (migration
inhibition factors) and B-cell |Plaque forming cell)-
mediated responses were compromised in rainbow
trout, Oncorhynchus mykiss which fed on low
Vitamin E diets. Gupta et al, (1987) observed
higher gonadosomatic indey, bigger ova and
complete spawning in three major carps (L. rohita,
Catla cotla and C.carpio) by adding vitamin E in
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5. Future Aspects

in present scenario, increasing use of chemical

antibiotics in fish culture may cause various health
problems in fishes as they become
the antibiotics and redyce the
delayed  reproductive cycle.
antibiotics  accumulate

resistant against
Erowth rate and
The  chemical
in fishes and can be
transferred to human population via food chain. Ta
avoid these kinds of problems there is need tao
replace these chemical antibiotics with harmless,
easily available and eco-friendly alternatives. In this
reference, Vitamin C and Vitamin E can be used as
iImmunostimulants to Increase the quality of Ash
food in aguaculture. Vitamin C helps in growth of
healthy brooders, improve hatchability and proper
egg and sperm formation and Vitamin E enhances
specific and cell-mediated immunity in fishes, It is
believed that in coming years with reference to
aguaculture, natural immunostimulants will find
more exercise to make aquaculture sustainable and
may be an effective tool for controlling infectious
diseases in fish food industry.

6. Conclusion

The use of immunostimulants can control the fish
and shellfizh from several disease and mortality in
aguacuiture. Yitamins are organic compounds that
also can act as immunostimulators like vitamin C
and E. Vitamin C (Ascorbic acid) is an essential
nutrient which helps in normal growth, immunity
and reproduction of fishes. Vitamin E (o
tocopherol] enhanced antibody production against
various antigens. It is essential for growth,
antioxidant capacity, immunity and reproduction in
fishes, In our study, the effect of Vitamin C and
Vitamin E and their combination was observed and
increase in macrophage activity was observed in all
three cases on C. batrachus was done (Singh and
lain, 2022).
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INTRODUCTION

Waiter polhion caused by hewvy metil is consider
qs une i the magor problem of the world even in Indi
also ( Ehezabhy. 2001), Heavy metal such as Ni, Hg, As,
Cr Ph, Cd contimunated the waler Source through virious
naturl and wnthropugeme qetrvities, The contaminauon
o water through heavy metal by various methods has
bt a theat notonly for fish butalso for public heulth,
Boecise Lish s the min souree of the lued. Heavy metal
hyoaceumiilate in the hish and transler in the humun
population i the (arim ol Toud by the process ul
hioinzgnifications. Inallamong the heavy metad Cd reluted
contimmatien ol the ayuitlic ceusystemn has groatly
merensed i the last lew decades, an  increase of Cd
depuosition i tie lissue of aguatic orgamsm i all food
chann system (Giles. [UKX). It enters the prvironment 4s
4 contuinant by varnous antliupugenic actvities such
s e sand metadlurgy. stilphate fertilizer, serup metil

h\upu:I-mhn.!‘il.'ulu“.t"l‘u!lmi such s

hepatueytes with dilation ol sinusuids and
1 eatlminm sulphate i group T reduce
[eer it b i i e Tish Liver as comparc o cadmivs treated

§ Sjaerreding plideany i tinist cadmiem sulphate bty in the
frigleed 25, 207208 Doe D hibdjes ifeunnecijrmals com!' |

1

treatiment and through chemicul industrial activities as
clectruplunng and batterses manutacture (Chenn and
Goyer, 19891 These sources ol codmiom contamnate
thic sources of aguaic ecosysicm and affect the health
of the fish

Clarias barrachus 15 & important food fish of india

4150 alfected by the cadmium pollution. Cd acvumulates
in the liver of fish through the digestion process and cause
many listopathological alleration i the biver and reduce
the function of metubuolic process. To control ths problem
it is impurtant ke alleviae {he heavy metal pollutionan
AUUALIC ECURYSIET through using suituble o low cost
antidotes as usmg ol Sprruling.

Sprivalinu platensis is & cynobacterin used in many
countries as @ health product for human and animal also
because it hias many nutritional supplement to improve
the health of humin, animals and fishes. The nutritional
component of Spirufine contain upto T0% of protein, 20



i bty adnale. lipad 7TEe pneral, Vi, and sarous
pprertant phy ochenmcal which newtralized and letsrsaly
the wrgaiism caused by heavy metal (Pere ef gl 2001,
Chamrow o il 2002 Sharma and Jhi, 2010: Jha ef af,
a2 The prolective ctiect of Spirwling platensiy
aganst the cudmium induced waicity and also is attribule
(o its antiadant and chelating effect (Wu et al, FM05),
Fhis study was aimed to find out the protective
property af Spivaling platensry agmnst Cadmivm
sulphate toxcity an the liver ol catlish Clarias batrachis.
hun~|1-|lI|ul--;,=uHII- and observed e potentil role of
Aprrieling PHGTEIESIA SIS anbxidant agiens) Hver foxicly
il Lish .
VATERIALS AND METHODS
Experimental fish and their maintenane

A total number of 90 healthy fishes Clarias
bottrase ey collected from logal fish market ol Meerul
distiict with averige length of 1522 cm and average werght
upta o028 gm. Collevted fishes immediately wash tor 5
minutes 0.01% KMnO, o avoid any dermal infection.
Alder waslhing hishes were acelimatised for 13 days
laborutory condition using up waler in gligs agquarum.
Fifty percent ol waler was changed dmly during
Jeclimatization. The water quality of aquarium was
momtored (pH- 7.2£0.06. Temperature - 23+ 2).
Caleulation of LC_, of cadmium sulphate
Acchmatized lished were expused 1o diltercnt
concentration ol cadmium sulphate (2. 4. 6.8, 1. 12, 14
/1) for determination ol LC,, value, Comulative
mortality will be determined alter 96 hours. The dead
fishes will be removed vnce they will be observed. LC
+ulue will be determined by probit anilysis by 96 hours
inedian tolerance himits (Litchfield and wilcoxon 1944
Lo wvalue of cadmium sulphate fur Clarias batrachuy
wis | 3mgdl.
Experimental design
Acclimatized and healthy 90 fishes were taken out
Jur the experiment and divided into equal three groups of
30 specimen fishes. The group 1 of fishes were used as 4
contrul, groupll of fishes was reated cadmium sulphate
with busal diet and the group 1 ol fishes was treated
cadmium sulphate with Spirulina platensis
wupplemented diet 104 of their body weight. The water
wits chunged every second day and the fishes were feed
daily twiee aday. Alter 10 and 45 days ol exposure lime
the fishes were removed from all the three groups and
they were scarilied by decapitation and hiver was
removed for istopathological studies. Histopathological
section immediately fixed in 10% tormalin solution and

o it Penatin ol Pk

histopathulogecal  shide prepared.  The
histopathologicul study was curned out after 30 and 43
ditys exposure ume. The lustopathelogical shidie was
observed under an Olympus research microscope and
phutograph was taken and analysed the difference

between pmung the all three groups

WlN

Preparation of diel

Acclimutized lishes were Ted with basal diet
(contained 35% protein) 108 of their body welght twice
a day (Sharma and Jha, 2014) Basal dict was prepared
using hsh feal 151, 25% ), whedt Flour (36.75% ) Cod liver
il £10.00) and nunerals (2%, While supplemented diet
was prepared replacing sume quantity of wheat flour with
Spirifin platensts 48 described by James et al 2009},

Diet composition (% dry weight)

Lngredients | Buasal dhiet ; .'s‘pi'rqum supplemenited &'ua
Fash meal sl2s | 5125
Wheat Flows | 16.75 : 20675
Saliveral | 000 | 0w
B _.H_;:frrr.fmu_ (= ST _1‘]:03_
I'k‘lm-.'ﬂl 1 _ 20| _zuu_
[EEL | FOORRY 10000

RESULTS AND OBSERVATION

Liver of a fish is a glandular structure, which 1s
compused of polygenal cells have a central granular and
deeply stiined nucleus. i play major role in detoxification
and ehimination of toxic substance from the body.
Histopathologicul section of the group 1 control fish
Jhowed normal histoarchetectural structure as normal
pulygunal shaped hepatocytes, granulated cytoplasm and
uniform nuclet (Fig, 1), Histopatholegical alterauon in the
liver ol fish is depends upon the dose and Lime ol exposure.
After 30 duys exposure of time the liver of fish of group
Il showed many histopathological alteration ds luosening
of hepalic lssue, cytoplasmic vicuolisation, deshaped
nuclel with enucleation {Fig. 2), while these alleration
were more severe after 45 days i this group and showed
nuclear degeneration, pyknosis and karyorrhexis along
with the hypertrophy of hepatocytes (Fig. 3).

Spirufing platensis showed the recovery ol the cells
of the liver of the group 111 fishes and the histpathological
alleration were less severe in this group as compared
group 11 (Fig, 4). Cyloplasmic vacuolisation and
enucleation were less seen after 30 days with less
degenerative hepalocyles. Spirulina platensis also
reduced the pyknosis, Kuaryorrhexis and nuclear
degeneration along with hypertrophy of hepatocyles alter
60 days as compared 10 group [1 (Fig. 5).
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DISCUSSION histopathological lternation shows that the abnormal
1 out study. liver of fish Clarias batruchis shows condition of liver which alfect the function of Liver and
qormal histoarchetectural structare of control group with recuced the metabolic process and cause the heulth of

no pathulugical alternation. Liver of lish group Il which the fish. Our Findings were h"”““"‘{ '-;:ER‘;‘{‘L““‘J[
s treated with Cadmium sulphate shows severe Ramanmurthi (19%9), who observed (A ¢ ecl O

histopathological alteration during exposure of time afler Cadmium Ct}luru.h: a5 rlmd 50 ppm alter 1.7, 15 and 30
30 and 45 duys. The section of liver of fish showed days in Tilapra mossambica. Vacuolizanen in hepatocytes

cytuplasmiv vacuohization enucieation, cellulinr

with mild hepatoeellular necrosis and shrinkage of

I TR H i ' A v . o & 5
degenerition, Pyknosis, Karyorrhexiy and dilation of hepatocyles the liver of Clariay bactachu after

; . sy pusure ol merc : ' bserved by
= - e hy of Hepatocytes. These gxposure vl mercury and cadmiun v
ingsuids atung, hRYPSFOY) b Salvanuthan (2013). Dyk ef al (2007) reported that the
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swelling 1n the Liver of cells and vacuolization of  membrane in the liver Cud caused oxidative stress by
hepatocytes afler exposure of Cadmium in Qreachromis  several pathway through inhibi the mitochondrial
electron-transport ¢hain reaction. leading 1o accumulation
of semi ubiquitous toxicunt which enable and to form
superoxide redicals (Wang ¢f al, 2004).

Our findings showed thit Spirulina platensis play
impurtant role W reduce the toxic effeet of Cadmium mn
and finding were similar
protective role ol

sy vemifacaey.

Vacuolization of Hepatocytes caused by the inhibition
ol protein synthesis, disaggregation of microtubules or
Shilts substrate utilisation caused energy depletion,
(Hinton and Lauren, 1990). Denaturation ol volume
regulating ATPase o disruption of cellular encrgy ransfer  the liver of Clarias barracies
or ionic regulation caused the swelling ~ to Bilal eral (2014} who vbserved the
1990). Morsey and Spiruling platensis ugainst Cadmium chloride in the liver
ol freshwater fish Clariay barrachus and proved that

Spirulina platensis supplemented diet reduce the
ver of fish, Spiruiing
hepatic tissue.

processes reguired |
i the cells tHinton and Lauren.
Protasuwick (1990) ohserved the effect of Cadmium in
reported that Cd caused

cells which decreases histoarchetectural alteration inthe b
listinguishable cell platensis also reduge the loosing ol

the liver of Cyprimy carpio and
atrophy and necrosis ol hepatic
the s12¢ of nuclel and nucleolt and 1
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""“":u'“fif“t:d cel i. eytoplasm, enucleation and eccentric
nuclel in the 0.6 mg/l mercuric chlonde effected catfish
Clarvias barrachus. 1 is proved (hat an extract of
Spiraling platensiy significantly reduces the mercury
imduced hepatoxicny (Sarcch et of, 2012), The chelating
property of Spiruling may be due to the presence ol i
carotene (Prescott, 1978 Seshadhi and Jeep Bas, 1992)
vitamin C und E and Phycocyamn (Mathew er af, 1993
and Shimamtsu, 1989). The antioxidant property of
Spirudina 15 due to the presence of phycocymin (Bermyo
e af, 2008}, 3 carotene of Spirnlina may reduce the
cell damage and playing the role in the repair of
regeneration process of damaged cell (Foote ¢f af, 1970,
Gerster. 1993 and Lexia et af, 19961 Spiraling platensiy
used as most of the scientst suggest thi 3-20%
Spirafing n the diet used us a protective agent ugamst
metal toxicity in the fishes (Bermejo er af. 2008, Islam o
al. 2008: Jumes ei af, 2009; Sharma and Jhiy, 2010). In
pur study the [ishes ol group 111 showed less
histopathulogical alteration as ¢ ompared 1o group 1L, fishes
feed with Sporufing supplemented diet along with
Cadmium show less several histopatholgical alleration in
the liver of Clariay batrachus. Cellular vace ulation,
pyknusis dialation of siusuids and cellular generation
reduced after 30 and 45 days as compared to cadmium

treated group 1L
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Avv hiateped and fealitiy YU (ishes were Taken Ul
fur the ¢ speivient atd divadbeed bt theee cyual grougs ul
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wroup 11 vl fishes was yeeated Cadmum Sulphaie wilh
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Byl cliet wpd e groug 11 ol fashes wis teested Cadmium
Gulphate with Sprrading plutenss suppleme nted deet 105
of their body weight The waler Wis changed every
second day and the [ishes were fed twice d day. After
30 and 45 days of exposure lime the fishes were [Emey ed
from all the three groups and they were sacrified by
decipiiabien gnd  kulney  was removed 1o
histopathelogical studies. Hismpmhuiugical section
immediately fixed 10 10% formalin solution and
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Acclimatized fishes wete Ted with bl it
Coontained 330 protent) T o then boady werht twice
a day e i Jhae 201D Bavsind el (Figo 1) was
prepated using fishimeal 31 23% 1 whiat Hlour £ 36.75% )
Cod Liver ol (10 00) and minerals (2% While.
supplemented (Fig. 40 dret was prepared replacing same
guantiey of wheat flour with Spienline platensis as
described by James ¢f al (2004),
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which exhibits several histuputholugical aiteration

hwed the fiepat.

atier heine

topsemig ol haemopaitic tssue, lurmaton o chasters and
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the shape of renal corpuscles and shnnkaze i 24 sl
(o incredsed dose and time perod in Ciartos
Kirubagarun and Juy (198%) found sumilar results n the
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104 Spiraling
the lousening of

¢l tegreasc

¢ tissue, clustering ot cells, necrosis of
d expansivn of Buwmarn's spaces.
Uriniterous tubules und ulomerulus are more or less
regular shape. These characterstics of Spiruding 1 due
to the presence ol varous antioxidants such as Yitamin
B and B2, selenum, carotenoids, gammie linolenic acids
and phycuvyanim (Poinero et al, 2001). Due 10 ihe
presense of these SIEONg antioxidants it has free radical

scavenging properties in addition 1o its 5W00E chelaung
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pves the histopatholugicul

alteration in Kidney of rats
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(20060 In this study, Spiruling plarenyis shows jls
protective behaviour i group 11 Cadmium affected ﬁsl:;
and reduced histopathological lesions as tubular and

hiaemuopoitic tssue vacuolization, necrosis with lesy

deshapeped or contracted glomerulus as cumpaled to
sroup 1 Cadmium trented fishes,
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Intelligent In present srudies were taken different sorghum  genotypes
inicluding C5V-20, CSV-23, PC-615, £SH-16, CSH-30 and Maldandl They were screened
for their relative susceptibility against the sitophilus oryzae under storige The
percentage of seed damage was recorded fram 30 DAS up to 180 DAS. This damage
ranged from 311 {CSH-30) o 51.80 [Maldandl) and seed welght l0ss percentage
ranged from 5.66% [C5H-3D) to 36.75% [Maldandi] all amofy the sie different
penotypes variety Matdand! was found most susceptible and hybrid CSH-3U ity leasd

susceptible comparatively to othir genoty pes.

Keywords: - Hybrds'
Hireweevil! suspectiblity?,
Sarghnn?

introduction

Surghum is the must imporkint feed and fodder
crop. 1L was most commonly used it the production of
ethanul before recent nmes (Ananymiaus 2021). It ls-also
catied o camel crop due to its ability to withstand drowght
4nd hard conditions. 1t plays a significant role in food
cecurity and milhons of poor pecple 0 some marginal
ppricultiral areas. It has ranked fifth after wheat, maize,
jiee, barley, and corn. According 1o 2018 data total
cultivated land in India ls 496 milllon hoctares while the
mroducnion uf sarghum in india is 4.95 millton with S48
legdbia productivity Highest produttion ul surghum area
(217 nha| o Maharashiea {LEkfm tones) while
productivity 15 (B33 kg/ha) fullowed by Karpataka area
{10y mha) with (113 tannes] and productivity [i040
g /ha) (Agricubiure <tatistics ok a Glance 2018

Mg lernel  damage  caused gualitative and
quantitative lowe and o decline fhe percenlige ul

germination Devietal [Z014). In ditterent types al stored
cereals Sitophilus orpzoe, rice weevll, amd  Linnaeus
(Colegptera Furcufionidas) are major pesty ol fhe grans
Conernl of this grain pest by using many svntheti
pesticides available on market, 1t 15 & Comiion practice for
facmers and stockholders, While chemical pesuaides have
o many side effects like envirgnmental pollutian, Jnd
health hazards, it causes residual toxioty and thel
aeeumulation) in the ecosystem of wildlife includiing
buman beings. ond develops blological magnitication
[Metcall 1975]. Recently it has been reparied that the
penotype ol serghum up-rises the subler by leavy dantigy
due o rice  weevil under  storage  conditians
v fvariery CHS-HR, TSH-1, and CSH-G vanetivs Lid
and 370 were screcned by Bocike and Taydae (0 197
wiho reported that these varieties were less susceptible w
Cytephilus oryzae, compared to the local vacieties W dn
and 6047, Kudachi and Balikal 2014 was reporied tw Rave
heavy contatmipation ol e seed(l, 1 sorgham gram

e
N>



i g W tls.ﬁ%:ums rocorded oy '. ;
Lt tndlcator of econgmibe Loty ul pﬁ: i) (5
Jh peroenbige ul s 'd'l’mﬂht-'l.ﬂsa.‘lﬂbﬁ]{‘“: & L'L"-“" i
ol i eparted by Teshome bt al (1999),
Wenlatron et al (1958) were to'be obsepved rice
wevvil estation alune causing 61.3% surﬁh.um grisin
fpsaes vk e of & manths, The data of present studies
it e importanee ol vice weevil in stored gorghum
B, a0 bl owas conducled  dn
vt iehies fhivhends e doow the reaction
Material Mot

newly  released

T preseil shudies have taeer datlerent sargiam

Tybar s v iebivs o2, ESY-23 and TR p15 CSH-16,
il U515 30 Matdands b know the reaction ul Spryzae rice
averw il g storagge. A1 the fealtly unaflected types of gich
pity e of ArRin were dufed b ot aue for s hours at 42
deigriees Celctus for removal of Infestation due to stored
Al pests. Dormg the experimentation weight of every
sty (100 pmd was taken with 10,0+ molsture
Cotikent andd then kept in 500 mi capacity of plastic bottles,
P Lup of eviery Buttie wWis covered with muslin cloth by
aitrodutig 1O pairs of Vive days ald weevils, Bottles were
bl Ved Ty a runber band with feur fephcations and
wore Taken imo cbservagon for up to 180 days. Dunng
e yiwestipation damaged percentage of seed and

Table-1 Reaction of pifferent genotypes 0 sitophilus orysae =

secd damage %o Days after stoTage

percentage of w 1 loss was worked out
by using the formulas given by (1976) and Adam
Gchultan (1978). Collective dats were S0
statistical analysis.

UND - DNU 100

Percent of weight loss # ————-2
U(ND+ NU)

[=weight of uninfested grai {el

M= Mumber of uninfested praln

3= wesght of infested gram

Hi= Number of infested grains

Result and discussion: in Table 1 results are givan that
ghow the average seed damage 0 different genotypes ul
sorghum in 30 days of steTage {DAS) C5H-3U panped from
104 to 3150 on 60 days [DAS) ranged from 1.56 to 36.50
and on 90 days it yaries 235 10 50,60 and on 120 days
[(DAS) 3.03 L0 5780 and 4.72 18 §3.40 on 15 days after
crorage and 5.3 10 7100 an 180 (DAS) The overall seed
damage percent ranged from 311 percent o 5180
parcanl, nybrid C5H-30 recorded minimum spud damage
of 3.31% &% compared to all ather varieties and hybrids
The local check paldandi pecorded maximum damage al
51,800 to the varety csy-23 and hybrd C5H- 16 were
gther genotypes thal showed the jgast damage.

Grematy e —T o pp— e ——
JODAS | 60DAS | gopAs | 120DAS | 150 DAS | 180DAS  Mean
T T T as0 T 550 | zauu__i_ 300 3750 !_Tuez_
LNV 150 50 15 .
L p | wee | e | P L
L [ 1so | 250 900 | 1650 2100 | 2400 1242
i IR — e e e il
PLGLS se0 | 700 | 1650 2550 3200 | 4350 2133
' ___.__.—__,—'___—'- : _.—L———._-—_-—I—_-—-—
(3G | 150 so0 | 1zs0 | 1900 | 220 | 27.00 14.75
— "7 5% _‘__I___‘_—'_"_ . e |
CSHAU L4 150 2,35 3.65 g7 | 545 311
Js R — _._l__._ e i
Maldandi logal chech 1150 | 3650 soe0 | 5780 6340 71.00 5180
T | 0o 033 | 023 N 058 0.92 .
i a |'_- g | s ) _-J__._._ |

Koaulachi and Baliist 20
Table & shows that g welght |oss pereeniage VarTies
(Fam b4 e 1650 un 3 LAS. 264 o 2400 on 60 days
et storage wn B0 days it varies from 360 to 29.00 and
[t 631U b 4150 on b2 045 on LS50 days 18 Varies

(s BAR 1o 5250 and 1085 to 57.00 on 180 days after
e Ty cunsiderabion, tive minimum seed weight loss
eers revipded in C5H-20 (5.66%) and the maxuram in

jumrual lomw Puje www Wanvjrublicatbuns.or g

14 ghserved that B35 percent gver s

months, rice weevil alone caused damage

Maidandi at 36,15, The damage in arher gntries ranged
from 13.08 % [CSH-16) o 13.75% (PC-ol5) LV 13 wax
close to CSH 6U n recerding the seed welght lpgs Resules
show that sorghum varetes suffereqd sigmificunt seed
damage under the storage however other hybrids
suffered less damage by Tl weevil compared te ether
varigties.
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These results were similar to the linding of
fouddackn and Balikai 2014 reporting that genotype 15 2312
shows a high degree of resistance by a recording of
ssrimum wi Juss of 0.23% under storage followed by 15
1205 (030%) after one month of storage whereas the
nage in different vanetes varies
P LSS (050 o 21.47) CSV-4 under the storage ol 43
dars was observed by Kishore et al [1975) Various
resistance of sorghiim geneiype Lo rice weevil was studied
s Krishan Mupthy et al (1976) during this study If was
puported that varlety CSH-5 was fairly resistant to pests
while M-35-1 was highly iilested by the storage pest rice
weevil It was reporied BY Burlkr and Tayade, that hybrids
were loes affected by rice weevil gompared to the local
by thie genotyple charatier af the thick
i, CSH-5 was fanrly resistant to
pests and M35-1 was mlested by a large number of rice
wevwile Burikarand Tayade (1979) ohserved that hybrids
Colnparatively had @ joss incidence of rice weevil than
loeal genotypes. This 08 due tu having 3 genotyple
character with o thick pericarg

pErcentage ol gram dm

genutypes due
pericarp According o i

Conclusion

During the storage of cereals ke wheal maize.
Liee i surghum insect pests are the major pest problem
s Lt e production ol sorghum The use of resistant
varieviesvbrids s the best strategy to avoid the abive
prubem Because ul these econamically sale alternatives
ol jeduging the loss of grains aftar post-harvest due to
et pisl fice weevil causes nigh loss in graimn weight
ppied b ol guality
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Efficacy of some botanic
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al powders against rice weevil, Sitophilus oryzae

infesting sorghum seed under storage conditions

Shashi Bala” and Rashmi Mishra

Nepardment of Zoology, Raghunath G

iffs Past Graduale Collage Meerut - 250 001, Utar Pradesh, india

ABSTRACT

The presenl studies w
weevll Infesting stored sorghu
powder of C. zeylanicum was

recording 100% adult mortality, while 4. calamus used as standard check

powder of A. squamosa {92.74%) and A. Indica (85.33%) also gave batter pr
inimum in C. zeylanicum (1.45%) followed by A. Squamosa (1.74%) and A. calamus

weightloss was also m

ere undertaken to evaluate the efficacy of some botanical pow
m seed, In all twelve treatments and one untreated control wera
tound to be the most effective treatment amongst all the botanical powders,

ders against rice
used. The bark

recarded 92.25% martality. The saad
otection. Data recorded on perceant

[1.78%) while untreated control showed 44.33% weight loss.

Key words | A calamus, A Indica, A. Sguamosa, bolanical powder, C. Fayianipum, Sitophilus oryZas sorghum

INTRODUCTION

Surghum, which is a most important feed and
fodder crop, 's being exploited for altemnale uses
gspecially 1o produce ethanol in recenl limes
(Anonymous 2021). 11 is now ranked fifth after wheat,
maize. rice and barely and possess hardness, Nign
lalerance to drought The rice weewvil, Sitophilus
oryzae is highly damage causing pest of raw stored
cereals In the world. The rice weevil s known fo
cause 18.30% losses in storage (Shashi Bala, 2020).
The kerrel damage caused by S aryzae allracis
otrer pest species, lis damage cause gualitative loss
and dachne in the germination (Dewi ef al, 2014).

There is no doubt thal chemicals have played
a significant role in the past In protection of
seed in storage. However, their excessive and
mappropriate use N our agro-ecosystem in the
last few decades or so has resulted in degradation
ol our environmenl. Surveys in the counfry
wave indicated that food commodities are Mighly
contaminated with persistent pesticides residues
Botan cal pesticides are generally pesi-specific and
have several advantages in relation o synthetic
compounds{Mishra and Bala 2019; Suleiman and
Rugumamu, 2017). They can be new classes of
sa‘er nsect conlrel agents and can be produced
by farmers and small indusiries Present studies

prrespgngng aulfio’s E-mial ghashmerma 1 S00Egrmail.com

were undertaken to evaluate different plant powders
for their efficacy against 5. oryzae

MATERIALS AND METHODS

Prasent experiment was carred out under
laboratory conditions at Depanment ol Zoology
Meerut College, Meerut. Rice weevil, Sitophius
oryzae cullure was initiated by collecting the
adults from the infested sorghum grain samples
maintained in the Department. Newly emerged
adults of same generation were collected from culture
initiated for present studies. The insecls emerged
after four weeks were removed for carrying out this
expenment. Seven lo fourteen day old weevil adults
were sexed and used in the experiment.

Plant materfals used : Plant materals thal wers
exploited for their potentiality as natural seed
protectant are | Shivari (Vitex negundoe L.), Kranj
(Pongarnia glabra L.), Sweet flag (Acorus calamus
L), Tulsi (Oscimum basilicum L.). Custard apple
(Annona squamosa L), Malabar nul. |Adathoca
vesica L) Nesm seeds and |leaves (Azadirachia
indica A juss), Pwriwinkle (Vinca rosea L) Turmeric
(Curcuma longa L.), Cinnamon bark (Cinnamomum
zeylanicum L.) and Conander seeds (Conandrum
sativurm L), There were lolal twelve treatments
plus one untrealed check (Tables 1-2), Amangst
the treatments Acoruscalamus was ncludad as

9P
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Tabie 1. Adull mosiity (%) ol Stapiice ayeae as mlivenced by differonl botanicos

Troatmaent

Al mos liky f“}i]F-ﬁlimJFrm_rﬂ aryrac al

Part Dieriduejer
%) ew) g T 21
Caritium salniim Hmnds 5 wmnpn A167 4167
aE sy (4020 (40 20)
Prangami giadira L Fruits 5 6133 £9.131 LU
(51 64) 15637 (9699
Pawgammia graba L LEeavEs ] A0 .67 J6 67T 42,33
(3AG0ON |37 25)  [A06RY
Acovus calarmus L Rhueome 1 100 000 wooo 10000
(B85S (BD99) (8999}
Ot basshom L Leaves 4 a7 ar at e 4200
(30727 (AT.RG)  (40.39)
Anichis dguamngs L Heatly 5 10000 10000 10000
(8290, [89.98) (B9.99)
Agathogs vesca L LEBves 5 3831 4300 57,33
[38.83) [40.87y (49.22)
Aradwachia indica A Juss Seads 5 oo o0 10000 10000
(B9 99) (ARS8 (80,00
Azadivachta indca A Juss Leaves 5 6067 B4 aT 7533
151.15) [56.58) (60.23)
Vinea rosea L Leaves 5 17,33 23,33 467
{24 25) (26.88) (29.77)
Curcuima fmga L Rinizome 5 26,33 3267 34,00
(30,86 (34.84) (35.66)
Cinmampmum Zoplanicum Bark 5 woon enon 1nnon
(89.99) (BO8Q) (E9.99)
Vilew aegundn L Leaves 5 533 56.0 613
(468} [48.44) (5154}
Urtrealed chack 000 0.00 .00
{0.00y (000 §0.00)
SEm 051 0 & 055
CD at 5% 1.498 233 215

“Feguies i ho palenthoses am atcsing anglomed valoes

B H]

43 61

(41,36}
T8 00
162,062}
ST
45 38)
10000
{89 93y
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(18,83
100 00
{9 99)
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(43 85)
100 00
{aG anh
76,00
(BO.BT)
24.00
(29.33}
34.33
(35 BE)
100,00
(5O 85

626
152.93)

000

(0.0
o
119

ﬂ-i-,lsiaﬁrrr_ slorage

i
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S botanewl fiewders ogainst 5 oryzon

standard check 1o assess other
eficacy agains! 5. oryzae Al
assessed for adult mortality (
loss (%) and The data for sach parameler were
recorded at monthly intervals (Tables 1.2) All the
treatments were appled @ 5% powder axcepi

Acarus calamus rhizome powder which was applied
al the rate of 1%

realments for thejr
the treatmenis wereg
%) and seed weighl

Preparation of different plant materials and sorghum
seed  Varnous planl malerials collected from
different sources were turned into powders and
used in this study. Each powder was firsl coaled
over sorghum seeds lhen was lested againsi

Table 2. Seed weight loss (%

adults of S oryzae (Shash Bala, 2020). The
seeds of local variely welghing 100 g were pul
in 250 g plastic container for each plant malerlal
and mixed thoroughly in each container at the
rate of 5% (wiw), while control treatment was run
without any treatment (with no malerial added).
Four such sels were maintained for each plant
material. The experimenl was ronducted under
complete randomized block design, replicated four
times. The mixed contents in each plastic container
were allowed lo resl for about 30 minutes before
introducing five day old 10 pairs of adult weevils
into each plastic container. Perforated mushin cloth

| due lo Silophilus oryzae as influenced by different botanicals,

Treatment Pan Dosage Lass in grain welght (%) days after storage Mean
(%) (wiw) 39 60 90 120 150 180
Conandrum safvum Bark 5 463 5 39 730 B34 1192 1548 RB4
(12.43) (13.42) (1568) (16.81) (20.19) (2317)
Pangamia glatira L Fruits 5 258 426 540 752 040 1236 692
(9.23) (11.91) (1344) (1592) (17.85) (2058)
Fangamia grabra L Leaves 5 327 543 832 9,53 12.35 15.76 an
(10.42) (13.47) (16.76) (17.88) (2057) (23.38)
Acorus calamus L Rhizame 1 00D DO0a OO0 OO0 628 441 178
{000) {(000) (000) (000) (1451} (1213}
Osomam basilicum L Leaves 5 6.24 781 B.83 1227 1846 2034 1249
(1447} (1623} (1B27) (2050} [2544) (26.80)
Annona squamosa L. Seeds 5 pOo0 000 O0OB4 126 157 238 1.01
000) (000) (525) (645 (7.20) (B.B4)
Agathods vesica L Leaves 5 529 £.38 7.34 1032 1553 1834 1053
(13.25) (1463) (1571) (1874) (2321} (2536)
Azadirachfa indica A, Juss  Seeds & 0.00 0.oa 132 154 1.E6 319 1.32
[0.00) (0O0) (658 (7.13) (T8 (1027
Azadirachta indica A Juss  Leaves 5 1.55 263 4.37 1.27 12 .46 15,39 T 28
(715) (9.33) (1206) (1564) (2067) (23.10)
Vinca rosea L Leaves 5 8.ar 10.42 1256 1578 2231 2577 1584
(16.81) (1BB3) (2075) (23.40) (2B12) (3047
1827 20.68 12.98
Curcura longa L Rhzome 5 738 858 1048 1247
(15.76) (17.03) (1B.90) (20.68) (2530) (27.05)
3 327 1 45
Cinnamomum feylamcum Bark 5 0.00 0.on 000 .00 54
000) (000 (0000 (000) (000 (0.00)
30 5.85
vit Bgundo Leaves ] 203 304 4.4 6.28 B.28 1.
L {18.19) (1D.8Q) (1212) (14.51) (1672) (18.64)
3.74 4134
Unireatad check 23.67 24,63 2855 370 626 7
"’ ) (29.11) (28.79) (32.30) (36.08) (52.38) (58.14)
SEm £ 010 010 008 003 008 015 0.05
CcD at 5% 038 D40 032 034 031 0.59 0.20

Figures In 1he parentheses are arcsng ransformed values,
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was used lo cover the opening of each contamer to
snsure good aeration. The contaners were placed
gy an incubator maintained at a lemperature of
28+ 1°C and 70 £ 5% RH The content of each
of the plastic container was poured in a dish and
dead or alive adults were counted

Adwlt morlalily Mortality count in each
reatment was recorded al 714, 2130 B0. 90
120, 160 and 180 days aller storage The insects
were allowed 1o mate and oviposit for 14 days
Al adults in both treated and unlreated bollles
were removed after 14 days and each bollle was
monitored up to 180 days. Al (he end of the perod,
the number of emerged adulls was counted

Corecled mortalilies wam
251

Counls

Sratistical analysis
estimated by using Abbott's formula (Abbon, 19

Estmation of seed weight foss - Observalion on
percentage weight loss were recorded by counting
aumber of unifested seeds and number of infested
seed weight loss were worked out by using formuta
(Adam and schulton. 1978}

(LMD - DN na

U (ND « N

sppds, MU= Numbe’
iesied seed, MO =

Paipentage wenhl 1025 =

where. U = Weight of umifesled
of undasied seeds O = wendn of
mumpet of infested seads

RESULTS AND DISCUSSION

Tne overall means on seed damage n all
botanicals indicated that they sigmificantly gave
natter protection against soed damage as compared
10 untreated check (46.92%]. The minimum seed
damage was recorded in bark of C zeylanicurm
(1 58%) tollowed by seed powder of A squamosa

4 33%:) and rhizome powder of A calamus (4.95%)
Al the other potanicals were significanily better than
ihe seed damage

urilreated check {46.92%) where
percemtage ranged from 13 02% (C sativum) 10

43 88% (V rosea)

On 30" day after sto
calamus riiZDme powder

rage four botamicals viz . A
A sguamosa seed powder.
4 indlica sead powder and C zeylanicum bark
powder recorded no seed weight 1058 as comparad
1o unireated check which recorded 23.67% seed
weigh! loss 1N general, all the botanicals recorded
jwes tnan 10% seed weight loss as compared 1o
unireated contral On 60th day after storage again
jour hiolamcals A calamus rhizome powder A
squamosa seed powdar A ndica powder and C

rayigrreum bark powder showed 70 geed wagi!
loss as compared to untreated checs (4 3% Al
olher bolamcals showed vanable effcacy 7 NG
seed weight loss On 90th Jave afes s.wagé
the seed ireated with  Jeyancum bamk oower
and & cafamus thizome Dowder thowad mC SeeC
werght 1085 white w
recordes i check (2
4 sguamosAana 4

reducing he seed weight loss

AN U™ sead weigTl DEs
A 55%) The seer DOWDe
wFra were squalt, efecive
Or 120tk gavs after

-

storage bark powder of C reyas<cum recorced nO
cpad waighl joss as compared o unireated shech
s3 ard

The seed powders of 4 squa™e
A ingica where significantly betier pgr &l the Jihes
notanicals in reducing seea aegnt oSS THere was
gradual dechine in the eficacy of & feren! solAr-Cas
On 150th day after A SUamOsa e
saad weight loss ! 57% ) foilowed DY «
{5.43%) and 4 ca amius (6. 28%) ana gaed DOWORS
of A nchica rest of the polanicals Were sagrificanthy
better in redudng sasd weght loss thar ntragted
check The manmum sead W ghnt io%s was olrsareeC
\n untreated cheok (82 ~g%, Or 50t~ days afe
storage the mimmurm capd Wegh! OSS WaS recoroed
in A sguamosa |2 36%) folligwed DY & TRy
[3.27T%) and A caamys 4 1% The uniraEeT
check recorded very high seed weignt loss &7 67%
All the other botanicals were nol veTy 2 ive I
bringing down saed weght 1088

Adult mortality (%)
|d up M vargus

(58 70%)

-

Orheg TN

4 5 J-—
De iRl

dgays after $omge Tha
population bl wr@atmenls was
vanable as expressed I the mortakty of M ASURS
{Table 1). The data on adult mortakly wens TaCoraec
from Tih dav of storage after treatmant 37d Sledse
of adults in each treatment The Jata w

g S

recorded on 14, 21 30. 0. 90 120 'S ars
180 days after storage n all I7e rearments O
Tth days of treatment e maumus oty Was
ghserved (n rhizome powder of &4 CEHITE seed
powder of 4 sgquamosa. sead powger of & ol
and bark powder ol © zeydancum T s RS

i LI

there was no mortably " uitreatec
treatmenis the aault mamailh rangls o
24 G7% (O bdasiicum leaves cowaer = 6 23%
in (A indica leaves powdert On 1807 Jay anes
slorage the bark powder of O sevancum ave
100% adull mortahly followed O rsoTe Powder
ol A calamus (95.33%) arg seed powow M 4
sguamesa (87 0% whie seed powder o 4 soka
recorded B1.33% adult morably In rast of e

the other

100
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Some butanics) owters sganul 5 oryzan

poramicals adult mortality ranged from 15.00% (V
oseal 1o 39.33% (V negundo leaves powder) Thers
was no mortally in untreated coniral The overall
means for each botanical treatment revealed (hat
the bark powder of C. zeylanicum gave 100% adull
moralily throughout the expenmentabon schedule

This botamcal treatmenl was closely followed by
ruzome powder of A calamus (92 25%) which was
usaed as standard check. Tha seed powder of A

sguamosa (92.74% ) and seed powder ol A indica
|BE 33%) also provided good adult morially Rest of
the other plant matenals were nol much effeclive

Seeq weight loss (%) at days after storage . The
data were recorded on seed weighl loss in different
botanical treaiments at 30, 60, 90, 120, 150 and
180 days afler storage (Table 2) Taking the overall
means (30 60, 90, 120. 150 and 180 days after
storage) of all the botanicals it can safely be
concluded that C. zeylamcum bark powder showed
minmum seed weight Loss (145%) followed by
4 sguamosa (1,74%) and A calamus (2.82%) as
compared 1o untreated check (44.33%)The seed
powcer of C safvum and A indica recorded less
than 10% seed weight loss. Rest of the botanicals
were also significantly more effective in checking the
seed weight loss as compared o untreated check..

Gadewar el al (2017) used of sweel flag
powder against 5 oryzae in sorghum and reported
very satisfactory control of the weevil Jasrotia and
Singh (2019) assessed Seven different botanicals
in wheat against 5. oryzae and observed thal high
mean corrected mortality in rhizome powder of
A calamus followed by eucalyplus leaf powder.
Botancal powders were significantly more effective
against S oryzae when compared lo untreated
control{ Govindan and Melson, 2009). Bark powder
of © Zeylanicum was best treatment in controling
she weevils (Sumilkumar, 2003}
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VESTHAC T Casteation prior to photo stiomulation does ot bave a macked inDuence on body fattening and food intake.
Howeser al allects Galtening once the stimulated ponaids uee removed, Food intnke remaing substantinlly uninfluenced,
Testosterome therapy does not add o body fat e revovers e effects of castration. Instend, o reduced food Intake s recorded In
TP ireabed birds. Long tevm experiments sire, huwey o, recommended o ascertain further the nature of relationship smong
these theee vaches and also to understand e role of steroids in seusonal responses of Red headed Buntings,
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INTRODUCTLHON

Photopeniod 15 the pranciple environment cue that
induces seasonal fluctuations and. in general. the circadian
thythms mediote these photoperivdic seasonal metabolic
and endocrine responses. This 18 true for many species
ol mugratory buds ws well as number of small mammalts
(Tewary and Disu, 1986) The fattenmg accompanied
with weight gaim i birds s usually concormitant with the
reproductive oycle (Chaudhary. 2020) 1 s, theretore,
assumed that gonads play o role ininduced of deposition
of fat 11 s reported that the gonadal hormones are
responsible. ot least partly, for hyperphagia, fattening and
weight gann Since then, a number of pusitive and negative
results have accumulated (Singh, 1982) However, still
the subject remains controversial,

The redheaded bunting { Emberiza brunicepsh is one
such lorm for which new suflicient expenmental dia
are available. and therefore. this species was selected
tor further investigations. It is o pussenne mugrant. 1t is a
winter visitor to Indias Tarrives in fall (September!
Og¢leber). over winters. and retums 10is breeding grounds
it bate March and Apnl Captive individuals exhibit distinet
cycles of fattening and budy werght and gonadal acuviry

(Prasad, 1980) Under luboratory conditions, 1oo, gonadal
growth and development, and pre migratory futlening and
weight gain are induced by long daily pholop:riuds Shor
p]u:!up;ru,ld\ fails 1o do so, The pr&sent SII.II.J:}' w.il.i armietd
Lo determing- is the gonads ( gonadal Imdrﬂgcn 5 influence
fatiening (weight gain) and food intake in males.

MATERIALS AND METHODS

The red headed bunting (Emberiza bruniceps) 15 an
emberizid finch i(family- Emberizidag; Order
Passeriformes). It's locally known as Gandan {in hindi),
1t s comimion wnd wiglely distribuled in India, but as winter
guest. The individual's measures about 17 emein length.
Sexes ure separale; male s vellow with black steaks on
back and females are dark brown on back and light yellow
belly. The study was performed on male of the species.

After 15 days of acclimatization, the stock bards were
regrouped and subjected to different experiments as
inclicuted in next section- experimental design and results.
Busically, ull birds, expecting NDL {normal qa;_. length)
conlrols, were subjected to antificial conditigns of day
and night. The day of the artificial conditions of day and
might. The day ol the artid il day ."nlghl cvele ﬁiﬂﬂfdlﬂd
by a 40-walt fluorescent tube prl,}\rldmg light



approsamatedy at i tensity of 300 lux. The penod ol
Diehtdboark vvele was vombrodled Ty an aubomsbiv Hime-
switch (Y B Zeitsehall-electmonie Frisunsrem GER, S0
horescrve systemt Mo omaer electrivity break down

”
Lt it i Uiy and G Simgh !'
#I

vrvitred shonmg the experiments. However. a liltle
disturbane hese amd there were nol considered as they
i not occnr regubinty and repeatedly ol the same e,
W electinmy Lo ovcorred durnng doy hours, bisds
WAl s e

The tuod itk was reconded by placing the groups
ol Iiveds ai cages, which were Tined up with polythene
shets up i perch Jevel and pliced in trays Tacilitating
spilliagee eallection . The subtraction ol limal weight (alter
femoval of excreta) from initial weight of food given gave
e comiont of ool comsuimed by huntings in alfised time,

The amountof foud intuke/bind/day was obtained by
div g the ol amuount ol food consumed by the number
ol members i a group. This fmally vielded the food intake
ot one icividoal vn o day. Imitindly, we recorded the food
ke forredbicaded buntiog howsed sinely asowell 5s m
Eromps ol Fotnd that there i no ditference between the
anrauits o Tood wonsumed whenoan group amd when
house mdividually. Tewary (19871 also noted the same
thing tor Mumin malacea Therelure. Tor the sake of
comvemence, lood intake was recorded penodically when
Divels wene i gooup, This wis alse considered in view
that bunting ty and invade grains Helds in groups only.

The Towed imtike was always recorded For ot least
theee consevutive days al any obsesvation, The oo
intake was expressed as Tood imtuke (gibindfday us well
as Tood imtake present of body weight per 24 hours, ie
towsd intake per hundred grims of body weight. This was
calculaed as

Food intake / Body weight = 100

The change m body werght was taken of the index
ol Tulbemme. =simae i passcrmes 10 has already been
established thal the visceral el subcatineous Ll deposit
aceeunt o nearly the entire indrement in bedy weight
induced by photo stirmulatian Chelm e od, 1967 Atedch
observation, mcluding the beginming and the end of
experiments. ofl birds were individually weighted on a
trp=pran balunce providing accuracy ol 00 g Body
werght was expressed i grams, Iwas also expressed
as per cent uhange i body weight ind few expenimenls.

Thie dats ubtamed from differem expenments werg
subgected w stnsucal onnlysis. Simple -test were used
Fon test of difference between two meuns, But when the
two meuns obtwmed from the same sample as function
of the pome were twsted, wee vsed pared 1= test (Fisher,
(LR

N

It b two experiments: A and B, Both exgéniments
were perlormed on males only

Experiment A : It perfuormed for 60 days, Two
groups (n=41 aeclimated birds were taken gut from
lahoratory stock (maintain in NDL) and weighled: food
inlike were ulso recorded. Then in one group ofly left ol
thie testes was removed (hem castrated); in o
Both testes were Laken out, Castration was
wines oo bilaterally, Al this time bunting had testis |
st Ctesticulor volume 130 mm', CTW - Img} o
inaciive gonadal state. The griups were n'uu'hcd]m group
I {themi castrated ) and group I {castrated). |

After 48 hours of castration, both groups 'bh'en: pul
o long daily photoperiad (15 L4 D} for 60 days. This
waus to exumine il remeval of gonsds had any éffect on
futtening and food intake in male Red headed buntings
Adter 30 days of long day exposure. body werght and
food intake of birds were recorded. Thereafter, 1'*1:!5 were
iven alternote inpections of testosterone propionate (TP-
Purendren CIBA Iml= 25 mg TP} for 30 da:.-n?:!ivc ol
wiis used as vehicle of the hormone. The doses of TP
admimstrated were 12,5 pg bird”-day” in 0.1 mfolive oil
tor group L and 25 bied* day ! in 0.1 mi olive oil for group
Il Afier 15 injections (1. after another 30 davk in 1501/
40y, the body weight and the food intake were gain
recorded The TP administration was done to compensate
the ancdrogen production in want Lo testes. lh '_d-:li:inn.
we hod data for intacl controls, on rl.'_i}l:ciive
observations. The data were considered for comparison
with the data were considered for companson jwith the

elata of group | and (1 4

The experimental and husbandry condinonsiwere the
same as deseribed in matenals and methods. 9

Experiments B : This experiments was Pesigned
to test if removal of testes once their growthTinitiated
hid ebfect an photopenodic fattening and focf_a intake.
Two graups of burds were taken out from the NDL swock
and their body weight and food intake were tecorded.
Then they were castruted. 'J.

Al thes tme, these birds had shzhily sgmulated
gonads: CTW ranged from 20-50 mg. The testes have
contained profile-rated spermatogomal cells and pnmary
spermitocytes as well, The castrated groups after 48
howrs were put into 150 /90 los 15 days w examing the
effectof removal of initiated gonads on the farte i.iq_r_-: and
the lood intake Therealter, on¢ group ol them was
admimistered 15 alternate dose of 23 pg bird”! uh;:r" of TP
in 0.1 ml Vehiele (olive oil) and other received same
alternate doses ol U mbaf vehicle (olive oil) ohlyv. After
15 doses oo alter anwther 30 day EXPOSUET 11 [,‘1{ LD,



Bgreds were e sarmine lor lattering aned tood intake.
RESULTS

[ﬂ'\|:t'|'lllll'l'll'l\ Yoo The ddata Deonn s Caperinment
fravy bevin deimonstrated o Table 1A Henw costialed
Pyl il v shivnubatesr Tong days Tatened . Increse in
body mass s sigmilicant (B < U0 alter 3 days
expresire of FSLAOD Ingections of testostenone therealier
ahied et k)t cichin ol Berds, bt birds maintamed their
cipht clesels T tally castiated gooup oo Tatlening
S vt the seerehi gann reconded on day
Testosterome adimmsteation e
e bards ob this growp too dad not change the body weigh
inarhedls

Imtact comtrol burds Tattened om exposure o 13160
<000 —Day 300 and mamained an increased body
wergh (P< 0 02y unul end ol the experments (day 60)
Phe o m werght of castrated birds on day 30 was
sigmdicant besser (P DOS) than the gain i weight ol
et Pord om Vs alay (Table 1A Also we tound o wide
dillerence though statistically insigmficant. between the
medan wan o werght of hemi castrated and castruted

il o) <

s melitivels e

Table 1321 b

TR R

stgmilicant varianee (Table 24

oA b R

ol et o s pe et ally mduced Tood inlake and Fatternng i red Dewbed bunting

group on this 30 the doy of 15 1L/OD ( Tabl
companson of the per cent change i body
three groups on 60 the duy, however did nol

" SR AN TR A B

Fooud intake was almost consistent in henn gastoited

andd castrated burds until day 30, Thereufter. it
reduced sigmificantly (P< 0001 on day 60
admamistration m both the groups. On the other b

found
er TP
sham

spermech it controls, food intake was found increased

stgmibcantly (P (007 when observed on 6l 1
the expermment { Table 1A Food make
i Tood itk TOD gm. of bedy weight) also appe

d elay ol
weight
trend

T af b

1o decline steadily in all three groups, however, declining
trend was steeper in hemi castrated and r:mtnu:d

mdividual { Tabl

e 2R

Experiment B : Buth groups of castrated $1rd-. did
nul exhibit nutable change in budy weight on le\-' 30 Alse.
testosterone admimistration 1o one of the groups there-
after didd not induce fatterung (Tuble 1 B, Fig. | A & B)
Thus, castrated birds put into stummilatory 1SL/YD with or
without T P did not exhibit noticeable (significant)

|

n maly e ey | e Toosk iake of nea castrated, castrated aml imact male £ Drietiocpes phintn "'"1“"'"“""' o
¢ i

it gt mds T3 30l sapphettiern walv s dotlwal tsiosberoag
T e Parameler : ;
Lathifi shabas ol il rllnrr.'rulinll Rty weight Food Infake Testis \Mnmlr;lllmjl
[arpys ) A = 1% R TH Bl Ul i 2ul e AT AL AR I U130 0L i
Wk W | IsAtepeTiz) | 4 10007 d) TYTTES T TXIN
o TRTal 4Tk | 260 =012 ) 4158 =34
Groop il U istiiid + 35 ug TP bud dak [ " [ 25R0 2081 (51 ' 10 06E | 0100 E
Hier MY by [ w0 [ 02078157 | A0E 00N 151 |
] S ROAU ) | A= (R g i ]
| Grougr Il St wicraed (nti 0 aaMial | SM=0057 5 | 0130=008(5
i . n 3402 151 (5) | 5302315 b4z 44 15
— SIS 4 | Je3tUiein | IS abh@

= 5F bapne w pzrenthests i for nambeyal imdeodua] Level ol sezmilicance indsciitesd o w rth Srresponding mitfl mean P

sernrn s farntoned on 3090 and sdmmsgered wirh estosierong (TP

Tubbe U1 e Fottemone D Boond otk e castvated ale |
_ | [Murmmeler i
4 rniji wpggine ol animal Dy ol ulsservation T T Foud Tnfake
[ Uisiriad & 3% 7 i AT =04 G =R
s 8 5 T3A0 < 160 4) " 292 085 ) -
T 1% | Mossosih ' .1.4-u-tLl!}'i|-1'
w1 Coanatesd = 0§l by el Bied s V] A0 =0 ED 4 2 ke Ll!:T 4
e 35 s i5 Wasalea | AN 00 )
T T [oTe AL | 1204 0.30 14

1 want b Fogyre o et e

il e duannber ol amdey il s
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Jatteming. sace they had shghtly st latled betore Foud intake remamed almost consistent throughoul

ecxpusure fu the long Jdays However, birds maintamed the experiment ( Table | B.Fig. | A& Bi. Food intake in
good health und & slight elevated but per cent change in - lerms ul budy weight, re foud mtake/ TDO g of body
burdy weerght did not vary widely from one another (Table  weight, also found not to exhibit any trend i Table JEi
AL Thus. it appears that TP adnumstration to castrated birds,
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DISCUSKSION

I wedd bead buntings, tattenng accompanied with
werghl g comes concomitanily with the gonadal growth
and developinent. Also, Toud intuke seem W follow o
dehnde tremd. This indicates that the gonadal steroids
mey pussibly by involved inregulating fosd intake. [
depuosition il conseqiient weight gain, An expenment
wis designed W west this assomption. This experiment

comsisted of two sub-experiments-cxp 2A and exp 2B,
Both experiments were performed only on males,

The data Trom the eaperiments 24, which empluyed

hem castrated and castrated males, sugpest thin gonadal
sttt e ot essentially asolvald i phwto-stimulution
ol fatienng in photosensitive Red hewded buntings., but
that ey tamdeogens ) imfloence the imogaiude of atlenmy
im phote stimlated mdividuals. As evadent [ram U Tubles
1AL 24 Doth hem casirites and castrates fartened (P<
Al anid P= 005, respectvely) an 30 the day of ther
fon g s o skl atwons, bl it swores were reladively
less than the phote stmuolated mtact. The data onthe per
cent change in budy weight presented in Table 24
indicates that hem) castrsted birds deposited fute lesser
than the imact burds ancd castrated birds had still lesser
ful than hemi castrated birds. The difference between
the per cent chunze in body weight of these groups among
themselves were statistically imsigmicant. excepl for a
sigmiticant dif terence | P< 0,05 between the body weight
of the castrated and mtact birds (Table 2A)

Fuood intake was consistent il the groups and did
weit difTer wodely untl duay 30 o | SLAY groups, hiwever,
fond intake wirs mwre (P 05) an his date (Tables 1A
[ood take in terms of budy weight {lood intske per
cent basdy weightl when caloalzted did mn show dny
sncredse i oany ol the groups. Comparatively, i way
gavater i sl speratesd imta controls ( Tables 2130

[l resaly ol atlier expermment lenperiient Bl suppotl
P bt b vt Taliles 113, 2A 2B Figs. | Ak

B). In uddinon. they suggest that the remaval of the
initinted testes affects the photo periedically induced
ftteming and weight gain (Table 1B, Figs. | A& B) In
contrast to Lhe castrates in experiment A. the ¢astrated
birds in expeniment B, which were castrated atthe ime
uf the beginning of migratory periods when their testes
shightly stimulated (CTW 5-50 mg), farl to fatten on
exposure of 30 days to 15L9D also did ngt add a

detecinble gain in weight (Table | B, Figs 1 A& B) Per

cent change in body weightalso not remarkable(Table |

A & B), The data thus suggest thut androgens thiough do

not play significant role in photo induction of fattening

but they contribute somehow in the magnitude of fat

deposition inbuntmgs

The data from E. brumiceps ore in agreement with
those veported on bluckheaed buntings, £
selaniocephale | Tewary and Kumar, 1481). They have
Found that the ponadal steroids do not invol ve in imbiaton
of fattening, but they contribute in maintaining the'weight
gain once induced (n long photoperiods The resukbs ane
comparable also with thuse Found un some atheéspecies.
Steteon and Erieson {19723 reported that intacEsvhite-
cruwned sparmows (Zonotrichia leucophrys dimbelli)
weigh greater (P <0.05) between 20th and 30thday of
phvto-stimulation. White-throated sparmuws | Zogatrchio
atbicollis) do not fatten if they are castrated pridr, but
nol later 1o pholo stimulation {Weise, 1967},

Steroidal hormones are supposed 10 be inviolved in
producing taterung and feeding behayiour in burds (Baum
and Mever, 1960}, In Redbeaded buntings. However.
testusierone proplonate ( TP) adiminstened does not induce
a fattening or teeding response. Instead, a reduckion in
foed intake wirs observed in benu castrated and eastrated
individuals afier 13 alternae ijections of T F Ihisipessible
tht the dese of TP admmstered was not ot the theeshold
fewel ey have an effect on the endocnno-phyvsiological
process or that the adminstration of sieroids itelfekperts
an inhibutery eftfect Whareser the present study dad not
alter the budy weight of the binds, but altered thi food
itk 1 e mncastrates a8 well s castrates of e xpEament
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Al Tabbe 1A The dati demonstrated as per cent change
it Bwdy seanght amd lomd intake per cent ol body weight
alsi reveal the same trend (Table 2 B).

The data are comparable 1o some other reported
Prsdhings. 10 B Been suggested that lestosierone s
possibly velved i the development ol migratory
luttemimg and behaviour o males as well as in female
Bvircds CDonlza, 19793, Testosterone has also been fountd
B alTent the duraton and intensity of migralory resl-
lessiiess 10 mniles of Zonotchia and Frngilla ( Weise,
PO6TY Tmections uf prolactin amd testosterone induces
Lattening but not nnigratory restlessness, in Zonoetri i
femcogdines el CY ok amia, 1978

ok Borpnes have been Townd 1o be alfect the
feeding Beluaviow and the body weight m several
maniiials, Loy doses of testosterone proponile reyerse
the inhiboory effects of castration on food intake und
werght gamn i male rats, But, at the same time, estrogens
eaert an ilbitory influence on body weight and food
imtake i temades CWade, 1Y7T6H)

Vo sum up. i uppears thut the body fattening (weight
oain-loss ) oomidil Lzonud developmeni-involubion) cyeles
wre interrelited in Red headed bunting, Castration does
et have a sigmbicant ellect in stumulation of fattening in
photosensitive unstimulated individuals bul does have and
¢llect un the magnitude of fattening Castration 1o
sumulated photosensitive binds causes reduction in weight
gain. Fued intithe, however, remains unalfected by
remonval ol gonads. Treatment with testosterune to benn
custrites amd costrtes Jues nol seem o reverse the
clbeet ol castration  Instead. a reduction in foed intake
could be obtuned. Further long term experiments are
therefore necessary o reveal sume more interesting
teature of the iterrelationships among the cyeles of
fattening. food ke wnd reproduction and also the
interactions of sterowlal hormones and photoperod
pegulation of genad development. body fal arnd oo ke
e the mugratory Red-Headed bunting (Emberiza
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Abstract: Cxadation of several aliphatic zecondary alechols by Imidazolinm dichromate (IDC) m dimethvlzolfoxide (DME0) leads to the
formation of corresponding ketones. The reachion 15 first order each m IDC. A Michashis-Menten type of kinstics are obzerved with respect
to the alcchols. The reaction is catalvsed by hydrogen 1ons. The hydrogen-ion dependence has the form: ke =a — b[H |. The oxidation of
benzhydrol-re-d (PhCDOHPE) exinbited 4 substantial primary lnnetic izotope effect (kgfn =3.79 at 208 K. The omdation of 2-propancl has
been stadied in minetesn difforent orgamic zolvents: The zolvent effect hae been analvzed using Taft's and Swain's multiparametnic equations.
The Teaction was subjected to both polar and stenc effects of the substiuents. A mechsmizm involiing transfer of hydride 1on from alechol to
the oxidant, viag a chromate ‘ester, has heen proposed

Keywords: Alcokols, comelation analyzz, dichromate; imetics, omdation, mechanizm

1. Introduction

Selective oxidation of organic compounds under non-aquecus conditions 18 an unportant reaction i synthetic organic chemistry.
For thiz 2 nnmber of different chromium (VI) derivatives have been reperted[1-4]. They are inzoloble tn most of the organic
zolvents also: To overcome these limutations, a large number of organic derivatives of Co{VI) have been prepared and used in
zynthetic ‘organic syntheses as mild -and selective oxidants in non-squeons solvents. One such compoond iz Imidazolinm
dichromate (IDC)[3]. It 13 known however, that primary and secondary organic compounds sometimes follow different
mechanistic pathways. Such examples are well known in many reactions of primary and secondary halides[6]. It i= known that
the mode of oxadation depends on the nature of the counter-ion attached to the chromivm anion We have been interested in
kinetic and mechanistic aspects of oxidation by complexed Co{VI) species and zeveral reports. by dichromates have already been
reported][7-10]. Therefore, in continuation of cur earlier work, we report here the kinetics and mechanizm of oxidation of nine
aliphatic primary alcchels by [DC in dimethyizulphoxide (DMS0) as solvent. The mechanistic aspects are discussed. The main
aims of the prezent investigation are to (1) determine kinetic parameters and to evaloate the rafe laws. (1) fo study the correlation

analyzis of effect of structure on reactvity and {ii) to postolate a suitable mechanism for the oxidation process.

2. Experimental

2.1 Materials and Metheds: All the alcohols were commercial products (Fluka) and were dried over anhydrous magnesium
sulphate and then fractionzted. Benzhydrol was recryztallized from ethanol. IDC was prepared by the reported method{3] and itz
purity was checked by an iodometric method. Benzghydrol-o-d (PRCDOHPh) was also prepared by reported method[11]. Its
isotopic purity was, as asceriained by its noevr spectra. waz 96 = 3% Due to the non-aguecus nature of the solvents,
p-toluenesulphome acad (Ts0H) was vsed as a sovrce of hydrogen tons. Solvents were purified by their nsual methedz[12)

2.2 Product Analysis: The product analysis was carried out under kinetic conditions, te. with an excess of the aleohol over
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IDC. In a typical experiment, 2-propanol (0,03 mol) and IDC (334 g, 0.01 mol) were made up to 100 ml in DMSO and the
reaction nuxture was kept in dark for = 10 h to ensure completion of the reaction. The solution was then treated with excess (200
ml) of z saturated solotion of 2. 4-dinitrophenvlbhydrazine 1 2 mol dm™ HCI and kept overnight in.a refrigerator: The
precipitated 2_4-dintrophenylhydrazone (DNP) was filtered off dried, wetghed, recrystallized from ethanol, and weighed again
The yields of DNP before and after recrystallization were 2.32 g {88%) and 2.04 = (86%) respectively. based on the
consumption of IDC. The DNP was fouad to be identical (mp. 2nd mixed mp) with the DNP of acetone. In zimilar
experiments, with other alcohols, the yvield of the DINP wasz in the range of 80-88% after recrystallization. The oxidation state of

chromium in completely reduced reaction mixture. determined by iodometric titrations was 3.90 £ 0.10,

2.3 Kineric Measuremenis. Feactions were carried out vnder pseudo-first-order conditions by keeping an excessz («15 or

greater) of the alechol over IDC: The solvent was DMSO, unless mentioned otherwrize. All reactions were carried oot in flasks
blackened from the outside to prevent any photochemical reactions. The reactions were carried out at constant temperature
(0.1 K} and were followed op to 20% of the extent of reaction by monitoring the decreaze in the concentration IDC
spectrophotometrically at 361 am_ The pseudo-first-order rate constant kg was computed from the linear least- squares plot of
log [IDC] versus tims. Duplicate mun: showed that the rate constants were reproducible to within $3%:

3. Results and Discussion; The rate and other experimental data were obtained for all the zlcohols. Since the results are

similar, only representative data are reprodoced here.

3.1 Swichiometry: The oxidation of alcohels by IDC leads to the formation of corresponding ketones. The overall reaction

may be written as:

3RCHOH + Cr0~ = SH — 3RLC=0 + THO -+ 207 (1)

3.2 Rare-Laws: The reactions are of first order with respect to IDC. Further, the pseudo-first order rate constant, kpp 13
mdependent of the initial concentration of IDC. The reaction rate increases with increase in the concentration of the alechols bot
not linearky (Table 1). The fignre 1 depictz a typical kinetic run. A plot of Uiy, apainst 1/ Alcohol] 15 linear (r> (L993) with
an intercept on the rate-ordinate. Thus, Michaelis Menten type kinefics 15 observed with respect to the alcohols. This leads to
the postulation of following overall mechanism (2) and (3) and rate law (4).

K
Alcchol = IDC = [complex] (2]
ks
[complex] —  Products (3)
Rate= kK [Alcchol] [IDC] / (1 + K [Alechal]) 4]

The dependence of reaction rate on the reductant comcentration was studied at different temperatures and the value: of K and &
wete evaluated from the double reciprocal plot: (Figure 2). The thermodynamic parameters of the complex formation and
activation parameters of the decomposttion of the complexes were calculated from the wvalpes of K and ky respectively at

different temperatures {Tables 2 and 3.
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3.3 Test for free radicals: The oxidation of 2-propanol by IDC. in an atmosphere of nitrogen, failed to induce the
polymernization of acrylonitrile. Further the addition of acrylenitrile had no effect on the rate (Table 1). Thus 2 one electron
oxadation, giving rise to free radicals, is unlikely. To forther confirm the absence of free radicals in the reaction pathway, the
reaction was carried out in the presence of 0.05 mol dm™ of 2. 6-di-t-butyld-methylphenol (butylated hydroxytoluene or BHT).

It was observed that BHT was recovered unchanged, almost guantitatively.

34 Kmetic isofope gffect’ To ascertain the importance of the cleavage of o-C-H bond in the rate-determining step, the
oxidation of benshvdrel-a-d (PRCDOHPh) was studied: The oxidation of denteriated benzhydrol exhibited a substantial primary

kinetic izofope effect (Table 7).

3.3 Effect of lndrogen ions: The reaction s catalysed by hydrogen ions (Table 4). The hydrogen- 1on dependence has the
following form kg =a+ b [H]. The values of a and b, for 2-propancl. are 4.5620.15 x 107 ™ and 7.9020.25 x10~ mal™
den’ &7 respectively (£ = 0.0961),

3.6 Effect of solvents: The oxidation of 2-propancl was studied in 19 different organic solvents. The choice of solvents was
limited due to the solubility of IDC and its reaction with primary and secondary alcoholz. There was no reaction with the

solvents chosen The kinetics was stmilar in all the solvents. The values k; at 308 K are recorded in Table 3.

The correlation between activation enthalpies and entropies of the oxidation of ten secondary alcohols iz linear (r = 0.89634),
wndicating the operation of a compenzation effect[13]. The value of the isokinetic temperature evaluated[14,13] from thiz plot 1z
3223531 K. However, according to Exner[16], an isokinetic relationship between the calculated values of activation enthalpies
and entropies is often vitiated by random experimental errcrs. Exner suggested an altemative method for establishing the
tsokinetic relationship. Exner’s plot between log k> 2t 288 K and at 318 K was linear (slope =0.8237-0.0183; r= 0.99580; Figure
3). The wvalue of 1zokinetic temperature evaluated from: the Exner's plot 15 631278 K. The linear isckinetic correlation implies
that all the alcohols are oxidized by the same mechamizm and the changes in the rate are soverned by changes in both the

enthalpy and entropy  of activation

37 Solvent effect: The rate constaniz of the oxidation, ky, in eighteen solvents (C8; was not considered, as the complete range
of solvent parameters was not available) were correlated in terms of the linear solvation energy relationship (LESR) of Kamleat

and Taft[17] (5).

logk; = A~ pn + BB = ax i5)

In thiz equation, 7 represents the solvent polarity, P the hydrogen bond acceptor basicities and o is the hydrogen bond
donor acidity. Ay 1= the intercept term. It may be mentioned here that out of the 18 zolvents. 12 have a value ofzero for o The
results of correlation analvses in terms of equation (3). a biparametric equation involving 7 and B, and separately with = and [

are given below as equations (6) - (2).

logk =—372 +161(x02)n = Q17 (2017 = 0.04 (2016 = (&)
R =0.842T7, =019 a=18; w= (043
logk: =—-373+162(x010)7 + 0.15(0.16)p 7y
B’ =08420; sd=01% na=18; w =042
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logh =-370 +166(x019 7 (8)
o ={0.8320; sd=0.18; 0o=18 w= 042
loghk =—-279 + 0.44 (+036) B (9)
. =00881; :d=043; n=18; w= 1098

Here » iz the number of data points and 1z the Exner's statiztical parameter[18].

Kamlet's’ triparametric equation explains ca. 34% of the effect of solvent on the oxidation However, by Exner's
criterion[18] the comrelation iz not even satisfactory (¢f equation 63 The major contribution iz of solvent polarity. It alone
accounted for ca §3% of the data Both § and o play relatively minor roles.

The data on the solvent effect were analyzed in terms of Swain's[19] equation (109 of cation- and amion-solvating
concept of the sohvents also.

logk = ad = bB + C (10)

Here A represents the anion-solvating power of the solvent and B the cation-solvating power. C i3 the infercept term.

{A = B) iz poztulated to represent the solvent polarity. The rates in different solvents were analyzed in terms of equation (8).
zeparately with A and B and with (A + B).

logk = 0.75(x005) A + 1.69 (20.03)B — 3.95 (113
B’ = 00%036; =d = 0.04; o= 19, w = (LOB
logk = 051(2036)A -2.79 (12)
s = 0.0467; 5d = 045, 2 =19 w = 100
logky = 164(20.14)B-3.71 (13)
- = 0.8936: =d = 0.15: 0 = 19: w = (33
logkr = 138:012(A+B)-392 (14)
¢ = 0.8936; :d = 0.15: n = 19; w = 033

The rates of oxidation of 2-propancl in different solvents showed an excellent correlation in Swain's: eguation (cf
equation 11} with the cation-zolvating power playing the major role. In fact; the cation-sclvation alone acconnt for ca. 99% of
the data The correlation with the amon-solvating power was very poor. The solvent polarity, reprezented by (A — B), also
accounted forca 88% of the data. In viewof the fact that solvent polarity 13 able to account for ca.-88% of the data_ an attempt
waz made to correlate the rate with the relative permittivity of the solvent. However, a plot of log &7 against the inverze of the

relative permittivity 15 ot linear frl =05008; =d =032 w=0.72).

38 Correlation analysis of veactivity. The rates of oxidation of alcchols failed to yield any sigaificant correlation

separately with Taf¥z[20] ¢ and E, values as equations {15) and (16).

logh = — 1.72 (20.14) Tg — 2.19 (13)
- = (092641 ; 3d = (L16; mn B: w= (020; T=2HEK

logky = —123(x096)FTE. — 2.79 (163
02131; sd=074: n= §;

T

w=083; T= 208K

._..
I
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The rates were, therefore, correlated in terms of Pavelich-Taft's[21] dual substituent -parameter equation (17).

logk = p So +3TE, ~logh (17

The values of the substitnent constants were obtainéd from the literamere[20]. The correlations are excellent; reaction

constants being negative (Table 6). There iz no significant collinearity (£= 0.2322) between o and E, of the eight substituents.

The negative polar reaction conmstant indicatez an electron-deficient carbon centre in the tramsition state of the
rate-determining ztep. The negative steric reaction constant points to a stenic acceleration of the reaction This may be
explained on the basiz of the high ground state energy of the sterically crowded alcohols. Since the crowding is relieved in the
product ketone as well a3 in the tranzition state leading to it the tramsition state energies of the crowded and vo-crowded
alechols do not differ much and steric acceleration therefore, resmits. The faster oxidation of 1-phenylethanol and benzhydrol

may well be due to the stabilization of the electron-deficient carbon centre in the transition state by phenyl group by rezonance.

4. Mechanism

The presence of a substantial primary kinetic isotope effect (ky'ks = 5.79 at 298 K), confirms that the o-C-H bond is cleaved in
the rate-determiming step. The large negative value of the polar reaction constant together with the substantial deoterium 1sotope
effect tndicates that the tranzition state approaches a carbocation in character. Henece, transfer of a hydride ion from the sleohol
to the oxidant iz suggested. The hydnde ton tranzfer mechanizm 1z alzo supported by mayor role of cation-zolvating power of the
zolvents: The hydride-ion transfer may proceed by either an acyeclic bimolecular reaction or may involve-a cyclic symmetrical
trasiton state vig-a chromate ester. Kwart and Niclkle[22] have shown that a ztody of the dependence of the kinetic isotope
effect on temperature can be gamnfully employed to resolve thes problem The data for protio- and deuterio-benzhydrols, fitted to
the familiar expression kg'ko= Ap'Ap exp(E,/B.T) show a direct correspondence with the properties of a symmetrical transition
state[23,24] in which the activation energy difference (E;) for Ax'fo 15 equal to  the zero-point energy difference for the
respective C-H and C-D bonds (= 4.5 Emel) and the freqoency factors and the entropies of activation of the respective
reactions are oearly equal Bordwell[23] has documented 2 very cogent evidence against the occurrence of concerted one-step
biomolecular processe: by hydrogen transfer and it is evident that in the prezent studies also the hydrogen transfer does not
occor by an acyclic biemolecular process. Itis well-established that intrinsically concerted sigmatropic reactions. characterized
by transfer of bydrogen in a cyclic transition state. are the only truly symmetrical processes involving a linear hydrogen
tranzfer[26]. Litler[27] has alzo shown that a cyclie hydride transfer, in the oxidation of aleohols by CoVI). 1imolves six
electronz and. being 3 Huckel-type =ystem, i3 an allowed process. Thums, a tramsition state having a planar, cyclic and
symmetrical strocture can be envisaged for the decomposition of the ester imtermediate Hence, the overall mechanizm is
propozed to involve the formation of a chromate ester in a fast pre-eguilibrium step and then a decomposition of the ester in a
subsequent slow step via a eyclic coacerted symmetrical transition state leading o the product (Schemes 1 and 2). The observed
negative value of entropy of activation also supports a polar transition state.

The chserved negative value of entropy of activation alzo supports the proposed mechanism As the charge separation
takes place m the tranzition ztate. the charged ends become highly sclvated. This results in an smmobilization of a large number

of solvent moleceles. reflected 1n the loss of entropy[28].
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TABLE 1. RATE CONSTANTS FOR THE OXIDATION OF 2-PROPANCL BY IDC AT 313K

ISSN NO: 0022-1945

10° {IDC] [2-Propanol] 10* ke

mol din” mol dm” 3
1.00 0.10 148
1.00 020 720
1.00 040 103
1.00 0.60 121
1.00 0.80 132
1.00 1.00 140
1.00 150 152
1.00 300 166
2.00 020 763
100 020 728
§.00 020 747
2.00 020 7.02
1.00 0.40 108"

T contamed 0.001 M acrylonsmle

TABLE 2. FOEMATION CONSTANTS AND THEEMODYNAAIC PARAMFTERS FOR THE ALCOHOLS - IDC COAMPLEXES

¥ ldm mal | =y Y —AG
Zlcokal TR | 208K | 308K | 318K | Wmalh) | JmolKD i mal)
Me 563 4.8 405 324 164507 34 634106
Er 6.03 523 340 363 TYITT P et
n-Pr 304 513 330 351 S e SRS
P 576 | 492 110 19 P e .
1-Bu 3.83 308 420 342 161207 ) 6.4320.5
Bu 612 EE] i3 368 et W i
CICH: 358 in 352 | 3D e T T
MeOCH: ] K¥T] 105 336 i T R
Eh .80 310 432 3.47 158408 3243 649106
Benzhvaral 570 186 108 35 p—— — o —
Benzhydrol-o-D 502 NE] 132 | 349 T~ s p———
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TABLE 3, EATE CONSTANTS AND ACTIVATION PARANMETERS FOR THE ALCOHOLS - IDC COMFLEXES

107 &,/ (dm? mol T 57) AR —AS AG
Alcohol 288K | 208K | 308K | 318K | (Wmol) | Qmol'’KDH | (dmol™)
Me 188 | 423 882 130 s1640.1 108+t 26,6201
Er s | Ges 133 261 518402 11341 83,5502
n-Pr 495 | %99 18% 31 47.1402 12611 24 410.1
1Pr 783 153 779 35 1540 13341 23402
1-Bu 117 207 331 583 18 3+0.1 140+t 235401
Bu 519 1068 707 778 165402 1774 242401
Gk s [ M3 ) 28 | 6B 672403 0541 03 5203
M=OCH: 787 | 165 171 360 B12v06 100 909405
Fh 126 234 441 81g £5.04H0.7 1542 823403
Benzhydrol 133 261 7T %1 5940 5 12451 21204
Benzhydrol-uD 13 | 451 361 171 189406 et 264405
el 605 | 379 554 521

TABLE 4. DEPEMDENCE OF THE REACTION RATE ON HYDROGEN-T0M CONCENTRATION

DT = 0.001 mol dm™: [2-propanol] = 0_10 mol dm: Temp. =318 K
[Hmol dm™ G.10 020 040 .60 .50 1.00
10 gt 322 639 T4 ang 16.8 126

TABLE & EFFECT OF S0LVENTS ON THE OXIDATION OF I-BUTANCL BY IDC AT ME K

Salvents K 10" k.. | Solvents 4 10% ke

(dm~ mol ™) ) (dm” mol™) &h
Chloroform 5.33 417 | Toluene 189 12.0
1,2 Dichloroethane 5.68 513 Acetophenone 363 519
Dickloromethane 5.12 W8 | THF 5.09 224
DMSO 4.40 133 1-Butylalcohol 577 182
Aretons 5.80 447 1.4-Dioxane 5.33 12.5
DMF 583 631 12 Dimethoxvethane 5.80 102
Butanone 603 324 | C8: 5.60 525
Nitrobenzene 6.21 460 | AceticAnd 575 012
Benzene 5,80 155 | Ethvl Acetate 396 144
Cyclohexane 5.88 151
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Abstract

nvasive physical and

Bioremediation itself i nsiders : red over i
§ consid . i referred © ;
onsidered to be a cost effective soil clean-up technique and p reduction in the time duration

chemical treatments. Besides increasing efliciency, application of genetic engineering has_l:xi!. to
avercoining the so called ‘Achilles heel' of Bioremediition.

required 1o achieve remediation,

Eenomics. transcriptomics, proteomics, and metabolomics, are being employed extensivel
\Wise synchronised application of these approaches can help scrutinize complex metabolic pat s
ifl response to heavy metal stress, and also jts fate i.e.. uptake, transport, sequestration and detoxification.

Omics technologics, namely

¥ to gain insights at genetic level. A
hways, and molecular changes
In the present

review, an account of some latest achievements made in the field is presented.

Keywords Genetic cngineering - Multi-omics - Bioremediation

Introduction

Exclusion or alleviation of the lethal effects of complex
chemical compounds added to the surrounding environ-
ment by anthropogenic activities depends mainly on the bio-
logical systems. Bioremediation involves multidisciplinary
approach including biosorption (metal sorption to cell sur-
face by physicochemical systems), bioaugmentation (addi-
tion of microbes that have catabolic genes), biostimulation
(organisms with elevated degradation capabilities are uti-
lized to inoculate the polluted site), mycoremediation (use of
fungi to solubilize, transform or uptake metal contaminants)
and phytoremediation (plants are used to accumulate and
metabolize toxic compounds in polluted areas). In current
scenarie, bioremediation via microbiological processes have
the upper hand in degrading huge variety of pollutants such
as heavy metal, petroleum, persistent organic pollutanis,
xenobiolics, and radionuclides, in terms of sustainability
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and unproblematic in-situ applicability. Recent advances
in systemic biology and gene editing techniques fm: e-8ey
TALEN, CRISPR/Cas and ZFN have created the possibility

to modify microbes to catabolize specific toxic compounds
and eventually be applied in bioremediation process to tackle
environment pollution challenge on a global scale. Omics
studies (genomics, transcriptomics, proteomics, and metabo-
lomics) assist the microbial systems biology research for
exploring regulations at the molecular level for bioremedia-
tion and have introduced a wide perceptive of specific genes
and proteins of microorganism, involved in degradation of
pollutants in contaminated sites (Jaiswal et al. 2019: Pant

et al. 2021).

Bioremediation Using Genetically
Engineered Bacteria

Bacteria play vital role in treating the soil contaminated with
toxic chemical pollutants via three main processes; mobi-
lization, transformation and detoxification. The study of
these mechanisms may unravel genetic factors controlling
them and thereby could also be manipulated to be an asset
in bioremedistion processes overtime. A genetically engi-
neered Rhodopseudomonas palustris strain was constructed
10 express mercury transport system and metallothionein
concurrently for exclusion of mercury from heavy metal

@ Springer
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wastewater. The recombinant bacterium showed stmngf:'
resistance 10 poisonous Hg®* and three times elevated Hg”

binding capacity as compared to wild type R. palustris
(Deng and Jia 2011). Similarly, Escherichia coli recom-
hinant strain derived by inserting metallothionein (MT)
and two nickel-affinity transmembrane proteins NixA and
NisA from Helocobacter pylori and Staphylococcus anreits
respectively, showed enhancesd tolerance amd bivaccumula-
tion of Ni** (Deng et al, 2013). A wild type Baciflus sub-

tilis 168 does not possesses methylation and volatilization
properties, however. when arsenite S-adenosylmethionine
methyltransferase gene of thermophilic algae (Cyvanidiosehy-
zon merofae) was inserted into it, the genetically engineered
B. subriliy 168 bacterium successfully convert the inorganic
arsenic via methylation into dimethylarsenate and trimethyl-
arsine oxide, and volatilize large quantitics of dimethylarsine
and trimethylarsine (Huang et al. 2015).

Other than these, the use of biosurfactant (microbial
biopolymer) in eliminating heavy metals from polluted
sites is emerging as a promising technique. Biosurfactants
of microbial origin are metal-complexing agents that
form stable complexes with metal ions. A biosurfaclant-
producing Bacillus cerens NWUABO1 strain with metal
removal efficiency of 69%, 54% and 43% for Pb, Cd and
Cr respectively, was isolated from a mining soil that can be
utilized for biotechnological applications. Genomic study
revenled presence of genes accountable for metal trans-
port or resistance and clusters of biosynthetic genes impli-

caled in the production of a variety of secondary metabo-
lites (Ayangbenro and Babalola 2020). Many strains of
Pseudomonads are known to degrade both aliphatie and
aromatic hydrocarbons as the plasmids responsible for
hydrocarbon degradation contain genes to carry out the
degradation. Pseudomonas putida strain B53701 isolated
from coke by-product waste contaminaled soil was found
capable of degrading crude oil and polycyclic aromatic
hydrocarbon. Its genome sequencing revealed the pres-
ence of plasmids pBS1141, harbouring genes for naph-
thalene degradation and helper plasmid pBS1142, The
genome sequencing data of this strain will give insights
of the metabolic capabilities of Pyeudomonas strains that
can be utilized for bioremediation purpose (Filonov et al.
2020). Pseudamaonas putida strain KT2440 was geneli-
cally engineered using genome-editing method with four
pesticide-degrading genes (for simultaneous degrada-
tion of organophosphates, pyrethroids, and carbamates)
and vgb (for superior oxygen-sequestering ability). The
resulting recombinant strain, P. putida KTUe, showed
promising results and may serve as a polential candidate
for remediation of multiple pesticides contaminated soil
in situ. This research highlights the influence of synthetic
biology in enhancing the degradation ability of n:?turul
degraders (Gong et al. 2018). Similarly, the genetically
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goteriunm, Psendomonas putida MC4_5
roducing haloalkane dehalogenage Etm':
proved 1.1,3'21';5':}1:;“5"“:’ ane (TCpy
: x F ; ICNIOIO=-1-pro

degradation ncl:;iit: n:n;:] Eﬁ:;i e il Eu:i::::‘l‘
degrading h:;'ﬂnll organic chlorine into chloride (Samj,
cnnvcr:]i':':} A new metabolically multitalented, biosyr.

et al. 2 r,,.j.,.cing PGPR, Psendamaonas rhizophila 5211,
;?::::T:: bioremediation Pﬂwmiu]mﬁ. \l._-'as imlﬂFd from
artichoke field coniaminated wil|_1 pesticide, erhl::aphifa
€211 could be used as a promising Sook f: hmrchd.ii'
tion of pcsticidc-pnllulcd soils due tt_'.l _jls t‘:mulslfmalmn
actions and clevated capacity in solubilization augmenta-
tion of pesticides (Hassen et al. 2018). Slm:l-'lﬂ:-f. a hrdra?—
carbon-degrading and biosurfactant pmducuig endophytic
bacterium, Psendamonas aeruginosa L10, isolated .fm.m
the roots of Phragmites australis, has shown potential in
degeadation of C10-C26 n-alkanes and polyeyclic aro-
matic hydrocarbons (PAHs) like pyrene, phenanthrene,
and naphthalene. Genome analysis revealed presence of
genes (monooxygenase, dioxygenase, alcohol debydroge-
nase, and aldehyde dehydrogenase) related Vo F"'ju“lmf“
hydrocarbon degradation, and a gene cluster implicated in
rhamnolipids (rhlABRI) biosynthesis that is accountable
for the biosurfactant activity (Wu et al. 2018).

The capability to degrade a wide variety of hydrocar-

bons has been shown by different species of the Acinero-
bacter genus, Recently, Acinetobacter calcoaceticus sirain
CA16 has shown prospects for bioremediation of aliphatic
alkane hydrocarbons in diesel oil polluted sites. Various
diesel-degrading genes like alkM and xepR were revealed
to be activated in CA16 (Ho et al. 2020). Burkholderia viet-
namiensis G4 has biodegradation potential and is used as a
bioremediation model due to its ability to degrade highly
harmful pollutants such as naphthalene, benzene, o-cresol,
p-cresol, phenol, chloroform, toluene, and benzo(a)pyrene.
The expression of B. vieinamiensis G4 bacterium genes was
evaluated under PAH benzo(a)pyrene exposure, and a total
of 156 differentially expressed genes were observed, out of
which 88 genes showed higher expression signifying the
prospect of several metabolic pathways of degradation of
PAH benzo(a)pyrene in this bacteria (Cauduro et al. 2020).
The genetically engineered Cupriavidus necator strain
JMP134-ONF obtained after inserting an onpABC gene
cluster (ortho-nitrophenol degradation operon) into Cupri-
avidus necator IMP134 has shown the capability to degrade
two isomers-ortho-nitrophenol and meta-nitrophenol, con-
currently (Hu et al, 2014). Some other bacterial strains i.e.,
Emterobacter cloacae HS32, Brevibacillus reuszeri HS37,
Stenotrophomonas sp. HS16, Acinetobacter junii HS29,
Enterobacter aerogenes 1539 and Enterobacrer asburiae
H522 have been also used to formulate consortia for PAH
degradation and metal removal (Sarma et al, 2019),
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;} 'g';"m ultimum transported oonectation, The fungl
P [NAH?) strain 1o
in thel soil (Wick et al. Hft:‘f'hr.n;:ﬁl:::::;“: I::;::]P:::::;
: i Amentous fungal species of Asper-
gillus has been reported 10 be able to degrade PAHs
chlorophenols and aliphatic hydrocarbons. A similar role
has also been reported for Penicillium species (Li ot al
2020). Other examples of pollutants include Amhm:um::
removed by Irpexlacteus and Pleuratus ostrearus fungus
(Drevinskas et al. 2016): Pyrene by Ganoderma lucidum
(Agrawal et al. 2018) and Chrysene by Polyporus spp.
(Hadibarata et al. 2009). These fungal groups have also
been able to degrade toxic metals with high bioremedia-
tion efficiency, for example, Pleurotus ostrearus (white rot
fungus) is known to aid in bioremediation by degradation
of crude oil and toxic metals such as: Cd, Cu, Mn, Ni
and Pb with bioremediation efficiency within the range
of 28.2%=75.9% (Anacletus et al. 2017). External factors
that affect the bioremediation process include change in
the temperature and pH of the soil whereas internal factors
affecting bioremediation are the modifications in the cel-
lular environment, such as changes in the expression pat-
tern of enzymes such as laccases, lignin peroxidases and
peroxidases-manganese, and the synthesis of metabolites
(Deshmukh et al, 2016a; Li et al. 2020).

Genome analysis of fungal strains has provided new
perspective to engineer and use them as biotechnologi-
cal tools. Metagenomic analysis has helped to identify
different taxa of fungi in diverse ecosystems which are
being researched for their detoxification potential. A few
examples include the genetically en gincered Pichia pasto-
ris fungus containing the yeast laccase gene (YiLac) from
the fungus Yarrowia lipolytica which degrades phenolic
compounds (Kalyani et al. 2015), Similarly, the lncca:_ic
gene from Phanerochaete flavido-alba was expressed in

Aspergillus niger which was IcPurtE{% o degrade synthetic
textile dyes such as acid red and H-nIII_unl blue R {!lcllg-
hazi et al. 2014). A recombinant strain of }rcufit .5 cer-
evisiae was reported that was able to degrade dioxins by
expressing a mammalian cytochrome CYPIA gene. The

CYPI1A construct had the gencs CYPLIA] and CYPIA2

a lor of dillesen

adapt to live inat

the Preudomonas fattil

{he NADPH-P450

: ith p
fram the rat which were fused Wit combinant strain

reduciase gene from the yeast. '|."I1i51“ | -monochlored-
was ahle to degrade dibenzo-p-dioxin.

tetra-
ibengo-p-diogin and other dinxing except 2.3,&?;1'-;:55!15
CDD (Sakaki et al. 2002). Later this was ml-w.:s' acket
site directed mmn agenesis |“'||I ml)ﬂliﬁ.td the hll't lngul:]_iﬁcn-
of the CYPIA | enzyme and suggested that this ":’ ada-
tion increased the rate of 2,3,7.8-tetra-CDD t-“ng:i‘usur-
tion (Shinkyo et al, 20033, A r"mn?h,'nm?t s also been
inm penerated by P,-.,m,-,exuul hjr'rmd.:-mtmn I:in: < (Biites
reparted to be effective against DDT degracatid

i dia-
et ul, 2001, Thus, fungi have bccn’ui:d as a h:nrctl;:ﬂng
liﬂ‘ﬂ ll‘ll:}l E'r"rn i E"ng li|'|'|ﬂI| hn'.h i“ s nﬂiulﬂ-“}' 0EeC

form and as o genetically engineercd ur;lmmsm. B
Table | outlines an exhaustive list of microorgant

: ) : jes for
may E‘Dﬂtﬁhi“ﬂ 1o the future des;gn Qf ﬁlliuﬂﬂ.ll strate EIES fi
bipremediation of contaminated environment.

The Omics Insight of Bioremediation

With advancement in cht-pnem@n s_.-equcnci‘ng_ {N:'IS?.
new avenues have been discovered in bioremediation. 1t 15

now possible to get an insight into key biodegradative th-
ant microbes. Techniques

ways of environmentally import :
like metagenomics, meta-transcriptomics, meta-proteomics,
and other omic methods (Fig. 1) have increased our under-
standing of how microbial communities are structured, how
do they interact with each other and their counter org?.n-
isms and how do they participate in a complex interaction
network between the plants, microbes and the envirenment.
The microbial communities evolve and change their struc-
ture at 2 high rate. Environmental factors are the main driv-
ers behind this dynamic behaviour. Another factor is the
change in the microenvironmental conditions, which change
due to the process of biodegradation. As the pollutants are
decomposed, they are converted into less complex molecules
with variable chemical properties thus, changing the pH of
the soil. This minute change prohibits the growth of many
microbes but simultancously promotes the growth of some
other microbial species(“Microb. Biodegrad. From Omi. to
Funct. Appl.,” 2016).

Metagenomics has been employed for better understand-
ing of the genome organisation of the microbial communi-
ties inhabiting the rhizosphere and 10 identify the genes in
dilferent microbial species that participate in bioremedia-
tion. Since microbes reside in communities, metagenomics
find its application as we can't separate one microbe from
another. Bloremediation as a process is wholly affected
by uummu.uhi:s residing in the contaminated matrix and
II"u: .puh:nlliﬂ ol EEI’I:_iiIIF microbial species may be syner-
gistically or antagonistically related with the other. Once
a metagenomic library is sequenced, the reads are aligned
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Table 1 List of some microorganisms recently investigated for their potential use in remediation

_"Em“m""““ Compoundheavy meial

Propertiesfapplication References

Rhodococeng sp. INADG

.'.f;rnﬂmbumﬁumfmfm‘hbrn Tual
petrolenm hydrcar
gense NS bons (TFH

Foeudomonas sp.(srain CB-1and  PCRs
Comamonax sp, (strain CD-2)

Wﬁ: ervthropadis strain Total petrolewn hydrocabon
Maring bacterium Achromahaes Petrolewm hydroearbon
fer sp. HZOL

Alphaproseobacterium Rhizos
Bium wp. NT-26
Cupriavidus necator simin IMS34 PCRs

Arsenic

Deinvcoccus radiodurans Uraniom
Trichoderma airovivide Dichlorvos pesticide
Pacetlomyees lilarinus NHI Cadmium

Polvehlorinaled biphenyls (PCHs)

Contains genes encoding for the Steliga of al. (2020)

enzyme degrading hydrocarhan

Contains genes encoding for the
eneyme degrading hydmeartn

CN-3 penome conlali gens chister  Xing et al. (2020}
af biphenyl metabaolism, C1-2
passess a dechlorination and
protocatechiate (FCA) metabalic
pene oluster

Elevated expression af genes
[nvolved in TPH degradation

Degrades r-nlkanes and aromatic
cumpounds via the terminal
axidation pathway and catechal
pathway respectively, posscescs
gened iivolved in biosurfactant
synthesis,

Contain various penss that enpble it Andres et al, (2013)
i metahalize arsenite

Genetically modified sirain with
insertion of bph locus of Bur-
kholderia xenovorans LRA00
(encodes PCB degradation
pathway)

The gene pliaN upon overexpres-
sion of periplasmic nonspecific
acid phosphaiase degrade Ura-
nim ot polluted sites,

Hygromycin B phosphotransferase  Tang et al. (2009)
Uhph} pene from the plasmid pV2
was wsed to transform the T23
stiain improving degradation
capability.

Improved Cd phytoextraction and — Gao et al (2010)
antioxidative defense in Solanum
migram L.

Steliga et al. (2020)

Pacwa-Plocinicrak et al. {2019

Hong ct al, (2017

Saavedra et al, (2010)

Appulkuttan et al. (2001)

to identify the genes and the microbial species present in
the sample. Unfortunately, the limitation of metagenomics
1s that it cannot recognise whether the identified genes are
expressed or not, That is why, metagenomic analysis is often
coupled with meta-transcriptomics, i.e., the sequencing of
the mRNA of the microbial community to understand the
expression patiern of the genes that are up or downregulated
upon changes in the microenvironment (Silva et al. 2012;
Suennga et al. 2007). Although, meta-transcriplomic is nol
widely employed due to mRNAs being highly unstable, but
meta-proteomics is another technique that is used, Meta-pro-
teomics help to identify all the expressed profeins in a sam-
ple at a given time under specific conditions (Szewezyk and
Kowalski 2016a), Again, meta-proleomics alone cannot help
to understand the complexity of microbial bieremedialion
and thus, interactomics and metabolomics are also integrated
to understand the processes and pathways. Therefore, the

&) springe

functional characterisation of the genes using an integrated
approach of multi-meta-omics and Gene Ontology (GO)
tools is the preferred approach to develop a better under-
standing of the molecular mechanisms involved in multi-
partite interactions shaping rhizosphere bioremediation.
Since meta-transcriptomics cannot always be employed
as a choice of method therefore another approach of plasmid
transformation is also used. In this process, the plasmid of
the bacterial cells is modified to contain the metagenomic
library and upon cell growth, they are tested for pollutant
degradation using a chemical reaction. A study conducted
by Silva et al. (2012) on petroleum refinery wastewater
sample identified the group of bacteria belonging to the
genera: Comamonas, Diaphorobacter, Pseudomonas, and
Thauera containing genes that degrade benzoate, biphenyl
compounds, naphthalene, phenol, and toluene, This sug-
gests that a diverse variety of novel genes could possibly be

Content courtesy of Springer Nature, terms of use apply. Rights reserved,
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Fig.1 Omics techniques and thair components

present that might be able degrade other organic compounds
fmd I!clp in bioremediation (Silva et al. 2012). In order to
identify novel genes, methods such as BLAST (Basic Local
Alignment Search Tool) could be used against databases of
known reference genome assembly and pathway informa-
tion's, such as KEGG (Kyoto Encyclopedia of Genes and
Genomes) or other databases like MG-RAST (metagenom-
ics Rapid Annotation using Subsystem Technology) (Meyer
et al. 2008). Another challenge that is often foced in metage-
nome analysis is the identification of microbial species, In
the same study, it was also reported that the gene xylE cod-
ing for catechol 2,3-dioxygenase was identified which shared
strong homology with two bacterial groups, namely, Psei-
domonas and Thermomicrobium but couldn't be classified
as belonging to either (Silva et al. 2012). A study was con-
ducted to understand the expression of four genes participat-
ing in biodegradation of aromatic compounds. Using real-
time qPCR methods and comparative metagenomics, the
genes dmpB, 1ebC, xylE, and the genes coding for dioxyge-
nases were identified (Yadav et al. 2015). A similar method-
ology can also be employed to identify new genes involved
in heavy metal biodegradation and in other microbes such
as fungi. A study employing meta-transeriptomic approach
to understand the soil microbial communities and their role
in biodegradation of phenanthrene, suggested that |th: genes
associated with metabolism of aromatic compounds in both,
bacteria and fungi are upregulated (de Menezes et al. 2012),
Similarly, a study identified that the genes bamC, bamD,
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bzlA and ubiD-like genes are expressed in Clostridiale bacte-
rial species if they encounter benzene in their cnwrunm::m
(Luo et al, 2014), Though, each of the omics approach has its
own limitations, therefore more advancement in this direc-
tion is providing new answers to the questions of the micro-
bial world. One such advancement is the single cell meta-
transcriptomics. A study used single cell meta-genomic and
meta-transcriptomic approach to understand the interactions
among the microbial community to better understand the
alkane degradation (Embree et al. 2014).

Despite their limitations, meta-genomics is a very pow-
erful technique to identify the microbes in a complex envi-
ronment of multiple interactions and to understand their
phylogeny. Since genes such as 16 § rfRNA and the recom-
bination genes such as recA are highly conserved across
various microbes, they seem to be the choice of phyloge-
netic biomarkers for microbe identification (Ziembinska-
Buczynska 2016). It has been highlighted in various stud-
ies requiring de novo genome assembly that 16 S rRNA
sequencing using high throughput shotgun sequencing has
aided in the identification of various microbes available in
the polluted environment. Other phylogenetic markers used
for bacterial and fungal recognition are 23 S (RNA and 18 §
rRNA respectively (Ziembinska-Buczynska 2016). Apart
from coding, sometimes non-coding genes are also used as
biomarkers to identify the microbial species. An example
of fungal non-coding biomarker genes is ITS] and IT52
(internal transcribed spacer) (Embong et al, 2008). These
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: A genes. Sfmiin:i:.r. for bacterial identifica-
125 level, the 1623 5 rONA ISR
e) g‘enc isusedasag phylogenetic
Ruiz et al, 2000,

(induced systemice resistane

hlﬂr:lllmrkﬂ' {Lm et al, 201 2:
em:fhﬁ"fm':fiﬁd,ﬁﬁi:?;‘:ﬂ“i“ have their own rel-

i ; & metabolic pathways is
Pamied by the proteins and thys meti-proleami }f
more information than metg-pe AR ics I‘Imuldn
tomics alone. This is bec o e ek ruerif-
wing: thet im::rn '$ 15 because the presence of specific pro-
su ::sts a bett ﬂl:‘ﬂ o !nt'olxmm?nt in various pathways
dafigun A stud:r':n E-r;mndmg of their function in biodegra-
R mgg-'__;ﬁﬁ““ *d‘?m“'“hﬂ“ 500 proteins in the soil
tion in :‘nlmetapmlmfnz q{l[lll‘hE e T etc Mewtifia
o ¢ (Chourey et al, 2010). Another study
1dcfmﬁcd 1116 proteins which were further classified into
various groups specific to the sample type (Guazzarani et al,
2013). J':Jem-pmtcnmil:s approach provides a deeper insigh
to the bmdrfgradation process, but it suffers the challenge of
d;a_ta analys!s‘ lm:g;ntinn of protein-protein, protein-metab-
olite, gene interaction networks could provide more details
into pathway mapping for biodegradation and could shed
light onto new aspects of microbial bioremediation,

Other fields such as metabolomics deal with the study
of the metabolic flux in a sample. The meta-metabolomics
deals with the identification of all the metabolites and their
interactions in a sample at any given time (Szewczyk and
Kowalski 2016h). Since various enzymes participate in met-
abolic processes inside the microbes, inside the plant sys-
tems and also link these interactions as endophytic systems,
therefore the integration of metabolomics data is essential.
A few open-source tools or software that are used 1o study
the metabolome include: MetaboLights (Haug et al. 2013),
MetaboloAnalyst (Xia et al. 2015), OpenMS (Sturm et al,
2008) etc. Likewise, interactome is the domain which deals
with the interaction networks.

Phenomics involves high-throughput analysis of the
phenotype, which is determined by the genolype under the
influence its environment, Unlike genomics which involves
sequencing the whole genome, phenomics only involves the
characterization of a particular set of phenotype (Deshmukh
et al. 2016b). Technological advances such as automated
image processing allows precise and speedy phenotyp-
ing. Similarly, Ionomics deals with the study of elemental

composition involving high-throughput idcnl_iﬁ::atinn a."d
quantification, lonomics can be integrated with genomics
{0 identify existing genetic differences and explore tolerance
to stresses. :

To conclude, genetically engineercd microbes with
increased potential for contaminant uptake and tolerance
have undoubtedly unlocked new dimensions in !ﬂﬂfﬂmﬂ*
diation. Notably, omics technigues are in progressive phase
and multifaceted connections need to be explored. Only one

@ Springer

omic technique might not be sufficient to understand the
interactions in the microbial world, between microbes and
the plant systems and between the dynamic environment
and thus, an integrated approach is the need of the hour.
Better understanding of processes involved in rhizosphere
bioremediation essentially needs the researchers to look at

the same biological question from various different perspec-
tives and hy using multiple omic strategies. The research in

this domain is beginning to catch the pace and offers very

promising growth potential. But at the same time molecular

biologists need to address environmental and public health

concerns. With the use of genetically engineered microbes in

ficld conditions, bio-safety also needs to be assessed. More
advancement in the understanding of microbe assisted biore-
medintion could prove to be very beneficial in the biotechno-
logical gector and can revolutionize the fight against global
food security challenge threatened by human activities that
degrade the environmen.
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Abstract: The present work is devoled 1o the study of magnetohydrodynamic micropolar fluid Aow
ina permeable channet with thermal radiation. The Rosseland approximation for thermal radiation
is taken into account in the modelling of heat transfer. The governing equations are expressed
in non-dimensional form. The Homolopy Perturbation Method (HPM) is briefly introduced and
applied lo derive the solution of nonlinear equations. The effects of various involved paramelers
like Reynolds number, microrotation parameter and Prandt number on Aow and heat transfer are
discussed. Purther, their effects on Nusselt and Sherwood numbers ane also investigated from the
physical point of view. Analytic solutions of the problem are obtained by HI'M and a numoerical
technique bvpde package MATLAE is applied to predict the graphs between different parametens.

Keywords: micropolar fluid; permeable channel; homolopy perturbation method; heat transfer;
magnetohyd rodynamic; thermal radiation

1. Introduction

From the industrial point of view, the process of heat and mass transfer has a great im-
pact. Many researchers concentrate on this area. In particular, in the metallurgical industry,
an application of heat transfer criterion has been studied with magnetohydrodynamic mi-
cropolar fluid flows. Mohamed and Abo-Dahab [1], Perdikis and Raptis [2] and Raptis [3]
discussed the impact of heat and mass transfer in micropolar and magnetohydrodynamic
micropolar fluid flows in the presence of various characteristics like thermal radiation,
heat generation, and porous media. Seddeek et al. [1] obtained the analytic solution of
the problem leading to the effect of radiation on the flow of a magneto-micropolar fluid
past a continuously moving plate with suction and blowing. El-Arabawy [5] observed
the behaviour of suction and injection in his problem. On the other hand, Sharma and
Gupta [6] studied the effects of porosity and thermal convection on micropolar fluids. The
numerical simulation of the solution of micropolar fluid flows with suction and injection
has been discussed by Subhadra et al. [7], Takhar et al. [8], Kelson and Farrell [9], and
Muhammad et al. [10]. A few years ago, the flows in permeable channels and circular pipes
made a considerable impact, drawing attention to these researchers.
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In his work, Berman [11] showed that the mathematical equations could be reduced
to a single 4th-order nonlinear ordinary differential. Terrill and Shrestha [12] and Asghar
etal. [13] studied the behaviour of permeabilities in channel flows. Most of the scientific
problems are nonlinear in nature, and such problems do not have an analytic solution;
therefore, other methods like ADM (Adomian decomposition method) and HPM (homao-
topy perturbation method) can be applied to vbtain an analytic solution to these types of
scientific problems. In recent years, due to its simplicity and growing interest, the homotopy
perturbation technique in nonlinear problems has been applied. Berman [14,15] devel-
oped and formulated the homotopy perturbation method and proved that this method i
compatible with nonlinear physical problems. Ganji [16], Biazar [17], Fereidoon et al. [ 18],
Hemeda [19], Aminikhah and Hemmatnerhad |201], Soltanian et al. [21], and Yildirim [22]
have applied HPM to obtain analytic solutions. Sheikholeslami [23,24] also used the HPM
method in his studies. Heat transfer in a permeable channel in the presence of microp-
olar fluid flow using the analytic method was investigated by M.Sheikholeslami and M.
Hatami and D.D. Ganji [25], and A. Mirzaaghaian and DD, Ganji [26] found the DTM
solution for micropolar fluid Aow and heat transfer through permeable walls. Homotopy
perturbation technique has been used by J.H. He |27]. P. Sibanda et al. [28] observed the
flow of a micropolar fluid in channel with heat and mass transfer and H. Mirgolbabaee
et al. [29] studied semi-analytic investigation on micropolar fluid flow and heat transfer
in a permeable channel using AGM. Some of the boundary value problems of micropolar
fluid flow were investigated by Bhupander Singh [30-32]. Hayder |. Mohammed et al. [33]
investigated the improved melting of latent heat storage via a porous medium and uniform
Joule heat generation, and Milad Ghaneifar et al. [34] analyzed hybrid nanofluid flow and
the heat transfer characteristics of a heat sink partially fitted with a multilayered porous
medium. Mohammad Ghalambaz et al. [35] addressed the melting flow and heat transfer
of electric conductive phase change materials (PUCMs) subject to a variable magnetic field
in a cavity enclosure and determined that the effect of the magnetic field on the melting
behavior of PCM is negligible at the initial stages of melting. H. Ali Farooq et al. [36]
studied numerically the MHD mixed convection due to a rotating circular solid eylinder in
a trapezoidal enclosure filled with Co-water nanofluid saturated with a porous media, and
found that the vertical magnetic field decreased stream funchion values more than inclined
and horizontal felds. M. Ghalambaz et al. [37] investigated the flow and thermal behavior
of nano-encapsulated phase change materials{NEPCM) dispersed in a liquid over a vertical
flat plate, and found that the decrease in fusion temperature of NEPCM cores enhances
heat transfer.

In the present paper, we applied HPM to find the approximate series solutions of
velodty, microrotation, temperature, and solute concentration; their graphical representa-
tions were obtained by bvpdc routine in MATLAB to observe how velocity, micro-elements,
temperature, and mass concentration are influenced by Reynolds numbers, Prandtl number,
microipolar parameter, spin gradient viscosity, and Peclet number for the diffusion of heat
and mass,

2. Formulation of the Problem

Here, a laminar incompressible micropolar fluid was considered along a two-dimensional
permeable channel with porous walls through which fluid was uniformly injected or re-
moved with velodty vg. The walls of the channel were taken to be parallel to r-axisat2 h
distance apart with lower boundary v = —h; upper y = Ii; and y-axis taken perpendicular to
the walls: The lower channel wall was maintained at temperature T; and solute concentra-
tion Cy, while the upper wall was maintained with temperature T3 and solute concentration
Cz. A uniform magnetic field B was applied perpendicular to the channel walls. (Figure 1).
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Figure 1. Geometrical view of the problem,

Following [25,26], the governing equations of the problem are
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where u and ¢ denote the velocity components along x-axis and y-axis directions, respec-
tively, and p is the fluid density, p is the dynamic viscosity, ® is the material parameter, N is
the microrotation velocity, F is the fluid pressure and T, C and €, are the fluid temperature,
spedes concentration and specific heat at constant pressure, respectively, K; is the thermal
conductivity, D* is the molecular diffusivity, j is the micro-inertia density, 0. — (p+ §)jis
the microrotation viscosity and g, is the radiative heat flux,

The appropriate boundary conditions are

i
w=00—=—og N —sa—;, T=T,C=Caty=—h {7)
y
204 N 0% 1y C = Caaty =+ (8)
W= —)>0 =1, —5—, 24 - i
I} " dy : 4 24ty

where s denotes the boundary parameter representing the degree to which microelements
are free to rotate near the channel walls. The case s — 0 means the strong concentration
which shows that microelements are not rotating near the channel walls, s — 1/2 shows the
weak concentrations and vanishing of the anti-symmetric part of the stress tensor, whereas
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5 = | represents turbulent flow [26]. We introduced the following non-dimensional
similarity variables in the case of strong concentration as:
¥ B  px T—T4 _ C—0;
1=~ —oxf) N = RSO0 - e #) - =g O

where, T3 = Ty +Ax, G = €y + Bx with A and B as constants [26]. The velocity components
of flow are defined by stream function as u L g —%—g

d *
Using Similarity Transformations {9), I:qung;mmy {2)-4), after eliminating, p become
(14N — Nig — Re(f'f" — ff™) —Mf" =0 (10)
Nag" + Ni(f" —28) — NaR(fg' — f'g) = 0 (11)

Using Roseland approximation, we have g, —;% %E—‘ where vy the Stefan Boltemann
constant is and kj is the mean absorption coefficient. Assuming that the difference in
temperature within the flow is such that T4 can be expressed as linear combination of the
temperature. Therefore expanding T+ about Toe and ignoring higher order terms, we have
T = 37 + 4137

40 9 . 160y T2 AT g, 160a T [ Ax,,
ifr —ma—y(—giﬁ-*‘“mf)' T E'E ST (j!_zﬂ' () (12)

Using Similarity Transtormations (9) and Equation (12), Equations (5) and (6) lead to

g+ TR e gy o (13)
(1+§Mrj
@" + Pem(f'9p— f¢') =0 (14)
With Boundary Conditions
F(=1) =0, f(—1) = —Lg{—1) =0, 8(—1) = 0, ¢(—1) = 0 (15)
fil) ==L A1 =1 g(1) = 1,6(1) = L,¢(1) =1 (16)

. ) rBEHE . )
where Ny = ﬁ i5 the micro-polar parameter, M —B:,'— is the l':]agnet[c parameter, Na ﬁﬁ
is the spin gradient viscosity parameter, Na = —ﬁ%, Nr % is the Radiation parameter,
Pr "f’ i: % is the Reynolds number [for suction Re = (), for
injection Re < (0], Peh = PrRe is the Peclet number for diffusion of heat, Pem — ScRe is the
Peclet rumber for diffusion of mass and 5¢ = ¢ is the generalized Schmidt number.

The physical quantities which are of greatest interest are local Sherwood number and
loczl Mosselt number which are defined as follows:

Spx — —2'(—1) (17)
Nyr—= {l+ i.'?'t:'ﬂl{_” “E}

3. Analysis of the Homotopy Perturbation Method (HFM)

The basic idea of HPM is illustrated in [27]. Accordingly, we consider the following
equation
Alu)—flr) =0, renl (19)

with the boundary condition
B(n. E) 0, el (20)
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where A is a general differential operator, B a boundary operator, f(r) a known analytical
tunction and I is the boundary of the domain £). According to the method, A is divided
into two parts which are L and N, where, L is linear operator and N is nonlinear. Therefore,
the Equation (19) can be rewritten as follows:

Liu) +Nu)—fir) =0, re ). (21)
Now the homotopy perturbation structure is shown as follows:
H{v,p) — (1 —p)|L{w) — L{ug)| + plA(v) —fir)| = 0 (22)

where,
vir,p): 1< [|0,1] = R (23)

In the Equation (22), p £ [0,1] is an embedding parameter and uy is the first approx-
imation that satisfies the boundary condition. We can assume that the solution of the
Equation (23) can be written as a power series in p, as follows:

o = g+ Py -I—pzvz—l---- ...... (24)
and the best approximation for solution is given as

= limp=mg 4+ +oe-ll0i.. (25)
1

4. Solution of the Problem by HFM
In order to solve the nonlinear differential Equations (10), (11), (13) and (14) by HPM,
we constructed a homotopy as follows:

HEM =0 U™ £ el NP Mg Relff™ - £'17) Mf =0 (26)
Hig.p) = (1 —p)(g" —g0) +p[Neg” + Ni(f* —28) — NaRe(f8' — f'g)] =0 (@7

H(6,p) = (1—p) (8" — ) +r(1 -+ gv)fr +p[Pa(fe—f)] =0 @9

Hig.p) = (1=p)(¢" —¢5) +pl¢" + Pen(f'@— f¢')] =0 (29)
MNow f, g, € and ¢ can be explained as follows:
f=fotph+pft (30)
g=SotpoiHpet (31)
0 = B+ pby + pta+ (32)
¢ = gy + pidy + Prga+ (33)

Substituting Equations (30)33) into Equations (26)-(29) and simplifying and re-
arranging based on power of p-terms, we obtain:
for pn £
fi" =088 =0,80 =0, % =0 (31)

and boundary conditions are:

n=—1:fo=—1, fot = g0 —th—do “} (35)
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for P't i

(1+N)A™ —Nigg — Re(fofg'r— forfi) — Mfor =0
Nogt + Nilfy — 2go) — NaRe( fogo! — folgo) 26
14+ 3N, 67 + Pl forfly — fobot) = 0 ¢
@) + Pem{ fotdp — fopu?) = 0

]

and boundary conditions are

’I"—lifl-fl*’—in’1=-'f’:-¢:-ﬂ}
1=+ : i=h =0 =p=FI=0 3

Solving Equations (34) and (36) with boundary conditions, we have

foln) = —0.757% — 0.25¢% + 1757 + 0.25

g — 057 +05
b -

05y +05
dy -

{38)
057 + 0.5
fil) — —1S; [0.0080357143}7 — 0.00625 | 53t |
| B (0.0020833333) + 4 {u.mams&&a?}] 7
+I]—Rﬁ— (0.0260416667) + 1—%{{] EI?E?IH::E?}]
+| 15 (0.360863095) —

TK; (0.089453125) | 73
+| 14 (0.360863095) —

(39)
i (0.089453125) |
— [%{0_03333333334) + ik (0.209375) 2

M
+ 1ok (0124609375 )

+{ 1 (011171875) — 5 (0.041592261
ailn) = N

e (0.375)° + S (01041666667 )1y

[-ﬁf{&ﬂllﬁﬁ&ﬁﬁﬁ?] 4 ﬁ_&tﬂ.';iﬁﬁﬁaﬁﬁﬁ?]] ”
+ H‘gfﬂ.?‘ﬁ} o L“ﬁf:{nﬂ?sj]ql

[Eﬂ,:; (0.0761666667) + N [{}_‘}lﬁﬁﬁﬁﬁﬁﬁ?j]

(40)
+| % (0:2708333333) — : (0.75)
B1(n) = L [0.0375y7 + 010416666675 + 0.04166666677° — 0.37572|
a1
— | B (0.0791666667) l 1+ [-fq'r- {uz?usszaass}l l
+ N, l+} MN;
i)

Po [0.037557 + 010416666677 + 0.0416666667" — 0.3757° |
— Pom (0.0791666667 11 + Pem (0.2708333333)

(42)
The terms fi(i7).gi(n).8:(n) and ¢5(n) fori > 2 are too large to present graphically.
The solution of the Equations (30)+33), where p = 1 will be as

fln) = foln)+ fily) + falm) + .-
gln) 3‘0{'?}"1'31('?!'1'3‘2[’1}-‘“

t{q}} tolny) +&1(n) +taiy) +
@i

(43)
doln) + () + daln) +..
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5. Results and Discussions

The transformed Equations (10}, (11}, (13) and (14} along with the boundary condibions
(15) and (16} were solved numerically by the bvpdc routine in MATLAB and the results
thus obtained were developed into graphs in which the behaviour of non-dimensional
parameters like Ny, N3, Na, Re, Pel, Pem etc. on the simulated fluid velodty, microrotation
profile and temperature profiles are shown through Figures 2-13.

Figures 24 depicts the effect of Ny, N> and N; respectively on simulated velocty. As
in Figure 2 when 5 < —(1.4545 velocity decreases and after that it start increasing and as
iy = 0.4949 it again decreases. That is, Ny has a dual effect on simulated velocity while on
increasing Na and N, the simulated velocity decreases (see Figures 3 and 4).

2 T T T T T T T T T
— N =01
v, —N;=-05 |
g —N,=10
. ¥—-0.4545 —N=L3
4 »
£ oas5p =0, 4949 4
e
a 4
+
a5k g
'N_,—ﬂ 1. N_l—l:l 1, Re=1.0k, Peh=1.0, Pem=1.01, M=1.0, Nr=1.0
_1 L 1 1 1 1 1 1 1 |
-1 4.8 -0.8 -4 0.2 o 0.2 a4 0.6 0.a 1
Figure 2. Lffect ol Ny onsimulated veloity.
2 T T 1 T T T T T I
— N 0.1
e Pl W
148 = .
Ny= Lt
——
1k .
:E 0.5} W 5|
=

18 018 004

05
Ny, N, 00, Re 1.0, Pelv 1.0, Pem 1.0, M 10, Nr 1.0

A 1 1 1 1 1 1 1 1 1
-1 S8 8 1.4 0.2 i 0.2 4 0.6 0.8 i

Ul

Figure 3. Effect of Ny on simulated velocity:
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2 T T T T T T T T T
—_—N03
Ny=0.5
15} 3
e 14207
N,=i0.9
Al 179 :
1.788 v
£ osf 1.786
- 018 D17 06 0.15
0 ]
0.5+ -1
N0, N1, Re= 1.0, Peb=1.0, Pem=1.0, M=1.0, Nr-1.0
_'1 1 1 1 L 1 1 i 1 1
1 D08 D& 04 D2 o 52 04 0B 0B 3

n

Figure 4. Effect of Ny on simulated velocity:

It can be seen in Figure 5 that keeping the other parameters fixed, when 7 < —(1.6566
velocity decreases for Re < 2.0 and an increase in velocity is shown for Re > 2.0, it starts
decreasing when —0.6366 < g < (.3535 and it start increasing when > (.3535. As the
Reynolds number increases; the fluid velocity decreases in the middle of the channel,
whasreas near the lower wall of the channel it decreases when the Reynolds number remains
below 2.0; it starts increasing when the Reynolds number is above 2.0, but near the upper
wall of the channel, it appears to increase when the Reynolds number increases from 1.0
to 4.0,

2 T T T T T T T T T
Tp=-0.6366 : ¢ : ——— Re=L0)
Rg=2.41
tar k Re=1.0 |
Re=4.0
1} T -
H=0.3535
T s .
o L] a7 -
x! ®
a7l |
ar .69 = S
0 AZBO A260.A2A
05F -
?\iz='ﬂ 1, N:=|I.|. N}=H.|. Poh=1 I, Pem=1.11, %r=1.i1, M=1.0
1_1 i i i I I i i 1 i
4 08 08 04 02 ) D2 04 06 08 1

Figure 5. Effect of Re on simulated velocity.
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Figure 6 portrays the effect of the magnetic field on simulated velocity. It increases as
M increases, but after reaching § = —0.05051, the velocity decreases. In the presence of the
magnetic field, the fluid oscillates irregularly in the middle of the channel.

Figure 7 shows that the micro-elements of the fluid irregularly escillate around the
middle of the channel as Ny increases. As the coupling parameter gradually increases, it is
reflectedby the irregular oscillation of micro-elements around the middle of the channel.

25 . . ; ; : : ; .

. M=l
al M3
M=5.0

M=
15 -
[

r—-0.0505)

fin)

05F > i

M=, M=, M=, Re=1, Feh=Fem=1.{1, %r=1.1]

| ] A | L L | 1 1 L]

-1 4.8 0.6 0.4 .2 ¥ 2 Cr4 0.8 0.8 1
n

Figure 6. Lffcct ol M on simulated velocity.

15 T T T T T T T T L

N, =01

1k N,=0.5 .
N]—'..'Z]

e N'|_S-“ =

gln)

MNo=0.1, W=0.1. Re=1.40, Peh=Pem=L1.0, Ni=1.0, M=1.0

.3 1 1 1 1 1 1 I I [l
-1 -8 1.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1

Figure 7. Effect of Ny on microrotation profile.
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Figure 8 shows that with an increase in N2, micro-elements irregularly oscillate around
i = —(1.5, that is, due to the increase of spin gradient viscosity, micro-elements oscillate in
an irregular mode near the lower wall of the channel.

An increase in N3 leads to the irregular oscillation of micro-elements around 5 < —{1.3,
that is, the micro-elements oscillate near the lower wall of the channel as N3 increases
(Figure 9).

I‘ T T T T T T T T
ook Ny =01, My=0.1, Re=1.0, Peh=Pem=1.0, Nr=1.0, M=1.1 H
&} -
M=l
07k i .
N,-0.5
UE 1= ”‘Z:'I _ﬂ -
_E: 05k N,=a.0 ]
s3]
0.4 .
02 -
02 B
01r —
0 | 1 ] ] | I | | |
-1 0.8 .6 0.4 1.z f 0.2 0.4 .6 1R 1
n
Figure 8. Elfect of Ny on microrotation profile.
1 T T T T T T T L) T
Moo=kl Mo=0ul, Re=1.0, Pebe=Pem=10. Nr=1.0. M=1.0
R-] - 4
] i
0.4
b2t -
=
& sk o S i
Ny=0.1
2 ) i H
Ny=0.5
o4k Myl =
Ny=30 |
A |- : .
0.8 L | il L | 1 L L A
2 ] (k.8 L5 <[4 Az ] 0.2 4 1R 0.8 1

Figure 9. Llfect ol Ny on microrotation profile.
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Figure 10 demonstrates that the micro-elements irregularly oscillate near the lower
wall of the channel at around (0.6, —0.4) as Reynolds number increases.

Figure 11 shows that the increase in the value of Ny leads to a decrease in the tempera-
ture field and that the maximum decrease in temperature is at the middle of the channel,
indicating that larger the radiation parameter lower the temperature in the middle of the
channel.

1 L} T T L] T T T T 1
M= Ry =000, M=l PebeTem=14), M=o, M=1.14
08} -
0| p
od |- 2
E n2- 4
=2 =
qF — n
]
i 7
Re=5
D4t Be=10 —
_D.E 1 1 1 1 1 1 1 1 1
- N 0.8 04 €02 0 0.2 0.4 0.6 0.8 1
il

Figure 10. Effect of Ke on micronotation profile

1 i r | : i : - :
gl N=0.1 N;=0.1, N;=0.1. Re=1.0, Peh—Pem=1.0, M=1.0 1l
oak _ - il
a7k ] .
a6k -
=05
==
a4k 4
035- Mee L0
_ Nr=1.5
0 Nr-10 ]
; _— 5
o1f Nr=2.5
i 'l i '] i 1 1 1
1 08 06 04 02 D 02 04 06 08 1

Figure 11, Effcct of N; on lemperature profile.
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In Figure 12, it can be observed that the fluid temperature increases in the middle of
the channel when Peh = 0.5 to Peh = 1.5, and the temperature rapidly increases when
Peht = 1.5 onwards.

Figure 13 shows the effect of Peclet number for the diffusion of mass in a concentration
profile. The solute concentration will be at a maximum in the middle of the channel as the
diffusion of mass increases but it remains non-zero at the upper wall of the channel.

!r4 T L] T T T T
Peh=15
1.2L Pehv- 1,00 _
Peh=1.5
Peh=2.0
1k =
0B} =]
G
)
06} e
04 -
0.z
Nl—ll 1, NE—H 1. N;—ll 1, Pem=1 01, Mr=1 41, M=1.00, Ke=] 0
ok ke el o ) i -l 1/ el e .
=1 0.8 B {14 £.2 i) 0.2 0.4 0.6 0.8 1
n

'3 ) L} ) 1 LS T 1 ]
PMem=1.40
Pem=1.01
25 Pem-1.02 T
Pem=1.03
2 ~
=15} .
=
1
05 -
N =01 Ny=0 1 o= 1, Peh=1.0, Nr=1,6, M=1.0, Re=10
0 1 i | Nl i | i |
=1 .8 0.6 0.4 .2 o] 0.2 0.4 0.6 D& 1
n

Figure 13. Effcct of Py, on mass concentration profile.

6. Conclusions

The micropolar parameter N| has a dual effect on simulated velocity while the spin
gradient viscosity parameter N; and N both have an adverse effect on simulated velocity.
On increasing Ny, the microrotation rregularly oscillates around the middle of the
channel, whereas on increasing spin gradient viscosity N2, micro-elements irregularly
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oscillate around 5 = —05;an increase in N3 leads to irregular oscillation at an angular
velocity around 5 < —0.3,

The Reynolds number impacts dual effect on simulated velocity about Re — 2.0 when
—1 < 5 < —{1.6566 and increasing the Reynolds number leads to irregular oscillations in
microrotation.

The simulated velocity irregularly oscillates around g = —0.05051, when M increases.

N; plays a key role in decreases in the temperature profile and the maximum fall in
temperature is noticed near middle of the channel.

The fluid temperature increases in the middle of the channel when Peh 0.5 to
Peh — 1.5 and the temperature rapidly increases when Peh — 1.5 onwards; the upper
wall of the channel will experience increases in temperature but the lower wall will have
negligible increases in temperature.

Peclet number Pemn for diffusion of mass indicates that mass diffusion will be at a
maximum in the middle of the channel.

From Table 1, it has been observed that local heat flux increases when M < 10 and starts
decreasing when M > 10, and inversely depends on Reynolds number. Its dependence on
Nz and N3 is inverse, while on Ny it is directly proportional. The heat flux increases when
the values of Peh increase, whereas it decreases when increasing the values of radiation
parameter N,

Table 1. MNumercal values of —#{-1) and — {1} for different values of Ny, Na, Ny, Re,
M Frﬁr Fm.ﬂ.ﬂlj Nr,

Ny N3 N3 Re M P, P N, —&(—1)
L0 1.0 1.0 1.0 1.0 1 0.1 (.1 (L3535
L0 Lo 1.0 L0 30 L1 .1 (r1 (L5536
Lo LA 1.0 1O 3.0 L1 0.1 {1 (15537
Lo L 1.0 Li) 1.0 i1 i Ll (15537
Lo 1. 1.0 Lo 15.0 i1 (.3 (1 (1L.5536
10 L0 1.0 1.0 20.0 1 (.1 (1 (L5535
L0 1.0 1.0 a0 1.0 1 0.1 (.1 (15552
1.0 L0 L 5.0 L0 L1 .1 il (L3538
L0 1.0 140 1.0 Lo L1 0.1 1 (1.5532
Lo L 1.5 Li) L0 i1 i Ll (15532
1.0 Loy L& 1.0 L0 il 0.1 1 (15530
10 L0 20 1.0 1.0 1 (.1 (1 (L5520
L0 15 1.0 1.0 1.0 1 01 (.1 (13533
1.0 LA L L0 L0 L1 .1 il (1.3532
Lo 21 1.0 Lo Lo L1 (.1 {1 (15530
L5 1.4 1.0 1.0 L LN 0.3 1 (1.5537
L& L0y L0 1.0 L0 1 0.1 1 (1.5538
2.0 L0 1.0 1.0 1.0 1 (.1 1 (1.5539
L0 Lo 1.0 L0 L0 0z .1 (r1 (L6167
1.0 L0 L L0 L0 3 .1 il (L6922
Lo L 1.0 Li) L0 4 i Ll (1.7842
L 1.4 1.0 1.0 L LN 0.3 (2 (1L.5475
1.0 Ly 1.0 1.0 L i1 (.1 3 (15427
L0 1.0 1.0 1.0 L0 L1 1 (r4 (L5387
Ny No N3 Re M Paﬁ. Plosa My —IP’I'—'”
1.0 L0y 10 1.0 L0 il 0.1 1 (.5613
10 L0 1.0 1.0 1.0 1 02 (1 (L6355
L0 1.0 1.0 1.0 1.0 1 0.3 (.1 (.7268
1.0 L0 L L0 L0 L1 4 il (L5420

Table 1 also predicts that the mass flux depends only on Pem and it starts increasing
upion increasing Pem.
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7. Comparison of This Work with Other Work

In the absence of the magnetic field and thermal radiation, the Equations (10), (13)
and (14) reduce equations obtained by M. Sheikholeslami et al. [24], but we have taken
different boundary conditions in our paper. If we take the same boundary conditions as
taken by [24], then the graphical representation of microrotation in our Figures 7-10 will be
reduced to the same as is shown in [24]. In the absence of the magnetic field and thermal
radiation, the governing equations of our problem have been reduced to the governing
equations as in A. Mirzaaghaian et al. |25], and if we take the boundary conditions to be
the same as in [25], the graphical representation of the temperature profile matches with
Figures 11 and 12 in our paper. Thus, in the presence of the magnetic field and thermal
radiation, we have obtained the new results presented in the Results and Discussion section
of this study.
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Momenclature

£ speces concentration

o maolecular diffusivity

Ky thermal conductivily

Bq strength of constant applied magnetic licld
i dimensionliss stream funclion
i dimensionless microrotalion

I half width of channel

i micro-inertia density

A magnetic parameter

M microrolation/ angular velocity

MNy2s  dimensionless parameters
Nis Lowal Musselt number

S s Local Sherwood number

5c Schmidt number

F pressune

Pr Prandt number

By Pevlet number for diffusion of heal

P Peclet number for diffusion of mass
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iqr radiativie heat fux

Re Reynolds number

T Nuid temperature

N, radiation parameier

[ microrotation boundary condition

(u, ) Cartesian velocily components
(x, y) Carlesian coordinate components paraliel & normal o channel axis, nespectively
HPM homotopy perturbation method

Greek Symbuols

similarity variable

dynamir viscosily

Fluid density

stroam [unclion

electric conductivily

dimensionless temperaturee
dimensionless mass transfer parameter
coupling coeflicient

microrotation /spin-gradicnt viscosity

oy = o ThE 3

-
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Abstract

The present study investigates the micropolar Jeffrey fluid flow in the presence of magnetic field across a streiching sur-
face through poroos mediom. Through suitable similarity transformations, the governing partial differcntial equations arc
transformed into nonlinear ordinary differential cquations and been solved numerically using MATLAB software (buill-in
solver called bvpde boundary value problem fourth order collocation method ) which establish the numerical solutions for
such transformed nonlinecar ordinary differential equations. The numerical solotion for Auid velocity, micro-rotation and
temperature thus obtained are explained graphically in which the influence of various pertinent parameters like magnetic
parameter, porosity parameter, spin gradient viscosity parameter, unsteadiness parameter, Jeffrey Auid parameter, etc.. on
velocity, micro-rotation and lemperature profiles has been studied and discussed. The plotted resulls are discussed for flow

and heat transfer characteristics.

Keywords Micropolar fluid - Jeffery fluid - Porous medium - Magnetohydrodynamic - Thermal radiation - Heat transfer

Introduction

The concept of micropolar fuids was formolated by Erin-
gen [ 1] which inclode micro-components that couple the
macroscopic velocity field and the particles rotational
motion. These fluids are made of hard particles which are
suspended in a viscous medium. This theory can be used o
explain the flow of colloidal Huids, liquid crystals, biologi-
cal structures. ete. The investigation in porous medium has
been started with simple Darcy model. and a good account
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ol related convection problems in porous mediom is given
by Vafai and Hadim [2]. Rate of cooling is very esscntial
for manufacture of the products so that a controlled cooling
system is required. As the phenomenon of thermal radiation
is known, it became very easy to handle the high amount of
heat generated in many industrial processes such as nuclear
reactor, space vehicle, ete. Thermal radiation is a process in
which the energy, in the form of electromagnetic radiation.
is emitted by a heated surface in all directions and travels
directly to its point of absorption @t the speed of light. The
total radiant hest energy emitted by o surface s proportional
Lo the fourth power of its absolute temperature which pro-
duces heat gradient lerm in energy equation. The classical
Mavier Stokes equations are nod suitable lo characterize the
Aow behavior of non-Newtonian Muids. Thus, the different
types of non-Newtanian models are suggested in the litera-
ture. Inferable from its application in the business and in
the innovative world, the non-MNewtonian fluid has pulled in
the consideration of researchers over the most recent couple
of years. Particularly in a few designing applications, the
non-Newtonian liquids regulary float away from the con-
duct of Newtonian liquids. There is one subclass of non-
Newtonian liquids known as Jeffrey luid which is one of
the rate type materials: [t shows the lincar viscoelastic effect

€1 Springer



Q830

V. Agarwal et al.

of fAuid which has many applications in polymer industries.
There are many examples of Jeffrey Muid including dilute
polymer selution. Jeffrey fluid is a generally less complex
direcl model utilizing time derivative instead of convected
derivative and utilizing by most fluid models. This liguid
madel is equipped for depicting the gualities of retardation
and relaxation times. There is fittle writing accessible for
these sorts of fuids: some of them can be found in (Hayat
and Mustafa | 3], Hayat and Obaidat [4]. Nadeem and Fang
|5], Turkyilmazoglu and Pop [6] and Qasim [7]). Anyways
the time-subordinate boundary layer flows have been barely
examined. Mukhopadhyay |8] investigated the impact of
thermal radiation on the unsteady mixed convection Bow
and heat transfer limited by a permeable stretehing surface
installed in a porous medium. The temperamental mixed
conveclion stagnation-point fow wward a stretching surface
has been numerically investigated by Devi et al. [9]. Anders-
son eLal [ 10] inspecied the heat transfer gualities on the
flow induced by an unsteady stretching sheel. The unsteady
boundary layer rotating flow becauose of the stretching sur-
face has been rescarched by Nazaret al.[11].

The MHD boundary layer Mow over stretching sheet is
encountered numerously in many induostrial and engincer-
ing that the MHD flow of non-Newtonian fluids was first
studied by Sarpkaya [12]. From that point forward. there is
a plenitude of writing that examines the MHD Mlows of non-
Mewtonian fluids over stretehing sheet. and some of them
can be found in Andersson [ 13], Liao [ 14], Sajid and Asghar
[15]. Ashokkumar and Pravin [ 16]. Literature examined has
discovercd the issve of Jeffrey liguid along with the impacts
of MHD in permeable medium that has been considered by
Mallapu and Radhakrishnamacharya [17. 18] and also by
Ahmad and Ishak | 19]. A definite closeness answer for the
dimensionless differential framework was acquired. Some
similarity solutions have been acquired for a few different
highlights like viscoelasticity, magneto hydrodynamics,
porosity, heat and mass transfer [20-23]. In spite of differ-
enl actual constitutions of non-Newtonian liguids, among
all the Jeffrey liguid is one what constituents portraying the
pereeptible highlights of retardation and relaxation times.
[24-28]. Omar Abu Arqub et al. [31-35] examined heat Auid
flow and numerical simulation in different characteristics
like ume-fractional partial differential cquations and Gor-
don types equations based on reproducing kernel algorithm.
Some rescarchers are doing their work in the area of numeri-
cil heat transfer. Some of them are 5. Nazari. R. Ellahi and

) Springer

Figural Geometry of the Problem

M.M. Sarafraz [36, 37] who numerically studied on mixed
convection of non-Newtonian nanofluids in porous medium
and thermal and flow characteristics of liguid flow in a
3D-printed micro-reactor. Before formation of our problem;
we also review the literature of concern [38—48]. Persuaded
to the importance and significant application toward Jeffrey
liquid, the objeel of present investigation is to perform such
examination for a micropolar Jeffery liguid within the sight
of thermal radiation passing over a streiching sheet in porous
medium,

Mathematical formulation

An unsteady two-dimensional incompressible Jeffrey
micropolar fluid flow in a poross medium over a stretch-
ing sheet coinciding with the plane v =0 iz considered.
and the Qow is confined o the plane v = 0. The surface is
assumed Lo stretch linearly with velocity U, = ax. where a
is sirelching constanl. Here, the co-ordinates (x. ) is such
that the x-axis is chosen parallel to the vertical surface. and
the y-axis is taken normal (o it, and (v, v} are the velocity
components of the flow, and N defines the internal speed of
the micropolar particles. g defines the gravity. A uniform
magnetic ficld of strength B is applied normal to the sheet.
(Fig. 1)

By invoking the boundary layer and Boussinesg approxi-
mations, the governing boundary fayer equations | follow-
ing T. Hayat, 5. Asad. M. Mustafs and A. Alsaedi [24] and
T. Hayat, Z. Ighal. M. Mustafa and A. Alsaedi 29] for this
problem can be wrillen as
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du  ov_, b Mow is such that T" con be expressed as linear combination
dx dv ( of the temperature. Therefore expanding T about T, and
ignoring higher order terms, we have T4 = —37% + 473 T

du _ dw  du oBiu (K\aN
-f'-f- -£+l'--—;;ﬁ]-l:£— Y= —— 7
dt dx dy dy K=p (23

('b' + = .S ) 7 3 ) 9

b A7) | . +d i +u P +vﬁ—ﬁﬂ+&—"—a_")

l4+4y |02 a2t dedyl Y drdy?l  dydady
z " 16 T' 2

ﬂ + r.l!ﬂ + W Ay —_ﬂ == i(1."||F+ ﬁ (3 ﬂ_qE = 70w 0T (5)
dt ax | dy  piov: g dy dy C3K, N 5},1!
aT T ar T | g The boundary conditions of the problem are defined as
—_— 4+ — 4+ V— = — — — (4) follows
i dx  dy dy?  pC, dy

where u and v are the velocity components in the x and y
direclions, respectively. A is the ratio of the relaxation and
retardation limes. A5 ix the relaxation time, T is the Auoid
lemperature, v = -E is the kinematic viscosily. 4 is the coof-
ficient of fluid viscosity, p 1% the fluid density X is the perme-
ability of the porous medium, & is thermal conductivity of
fluad. g, 1s the radiative heat Qux. ; is specific heat at con-
stunl pressure, and a is thermal diffusivity. Using Roseland
approximation. we have g, = —%’ % where o is the Stefan

Boltzmann constant, and & is the mean absorption coeffi-
cient. Assuming that the difference in temperature within the

u=U, v=0T=T N=0ary=1 (6)

du
u—=0N=0T—=T, ——hﬂmv—rm
i )
The sheet velocity and tempensture are (£, and 1, respec-
tively, and arc assumed to be

=Tk

bv=t_a

b and ¢ are posilive constants

(8)
Hereby introduocing the following Similarity vanables,
we have

(1 —e?’

= [ & T—T
= wi—e ¥ TV c:}#m AT eyt Suns8n = —= ¢

(1A )"+ +iz?[ﬂ“’—u”’l—ﬂ(f’+%r1f") +-§9—&#"+413’—K,!"]
H+aop|g™y ="+ A (2" 5 2™ )] =0

u=d—w. H=aw
ay ax

where = wix, v, 1) is the stream function.
Using Similarity Transformations (9), Egs. (2). (3) and
{4} become

(10}
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) A
A" +fe' —fe— ;(3R+ ng') —AB2g+M =0 (1)

S0+ RICVR, == 0) + 570" (0) — [0 (0) + 4,500)]

(153)
LyrYor+p0—fo—a(20+Lno') =0 YL v
= +0' 0~ A( +;qﬂ)— 2 (16)
r L (3
where . : The Nuossell number N, appearing in Eq. (16) gives
A= E,;f = %.Gr = %ﬁ- R, = uf"..ﬂ = IJ'_#:, the basic difference between convection and conduction
BRI - heat transfer across a boundary. The larger the Nusselt
H == T-l-
| —et |6y T
gieE gl g M ”_xp=”{ D) and Pt R )
u iy Ja ak + @ Jpc K

The non-dimensional parameters A, 5.0, M. 4. B and A,
represent unsteadiness parameter, mixed convechion parame-
ter, Deborah number, magnetic ficld parameter, spin gradient
viscosity parameter, micro-coupling parameter: respectively,
whereas l(p Pr and R represent porosity parameter, Prandil
number and Radiation Parameter, respectively.

The Deborah number [20] characterizes fuidity of mate-
rials under specific low conditions. The Huidity of mate-
rials {solid-like and fluid-like) depends on relaxation time
and observation time. The larger Deborzh number, the more
solid the material and the smaller the Deborah number, the
more fluid the material.

Boundary conditions defined by (&) and (7) are uniquely
formed in similarity as follows

fIO)y=0, [0y =1, 8(0)=1, g0} =0,ar =10 (13)
fiimy = 0. glg) —= 0. 8(y) = 0. (o) = 0arn—co
14

Some of essential physical parameters, like skin coeffi-
cient und Nusselt's number, which are defined as.

_ 2, T E 1: B ;
Ci= P and Ny;= T, [EJ.WhErE T = ek
du #u rﬁ' K B _{ar

|[% + A +vE0) + E)]at y=0 and g, = (%)
at y=10.
Therefore,
¥ 1 . 1
J’¢=—I[)'§+._A}'4]+ :
(y' B E‘J'”) (1 +A[Jﬁ(h = 5*"“:)

number, the more effective the convection. IT A, = |, then
the heat transfer across the boundary is through by pure
conduction.

Solution algorithm

To solve boundary value problems ( 10}-(12) with boundary
conditions given by (13} and (14), we used built-in solver
called bypde function in MATLAB software package. The
algorithm is based on to reduce the nonlinear ordinary dif-
ferential Egs. (100-(12) with boundary conditions (13} and
{ 14) into the system of first order nonlinear differential equa-
tions as follows

f=yf =m = " = g = = v =y, 0=y,
(17

Using (15), Egs. (810} reduce to first order nonlinear
ordinary differcntial equations

Yy =% (18)
Y; =¥ (19)
¥; = ¥4 (20)

{21}

[{! +A )y + (1 +.-t2}{}'|y3 - —-I"l(}'z +%H.F;) +L¥; —M}':‘H"lﬂ'a—fp}’z”
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Fig. 2 Simulated velocity for 1 T ; T T
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Fig. 2 Micro-mtation for differ-

enl values of porosity parameler

g'n
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o 05 1 15 2 25 3
n
Yo=Y 22y N0 =10,p%{0) = Ly5(0) = 0,y;0) = lamg =0

' | A
= E[”m — v+ 5 (35 H ) + A B2+ 35|

(23)

1; — Mg =
: | !

Vo= —[.vm ~¥i¥s +ﬂ(1.‘rv *: 3“-"‘")] (25)

(7 +%)

The boundary conditions yield

yalm) — 0, y3(g) —= O ys(n) — O, y;{n) — O aty — oo (26)

Above system of ordinary nonlinear ordinary differential
Egs. (18)-(25) with boundary Eg. (26) arc solved by built-in
function bvpdc in MATLAB software.

Graphical results and discussion
The objective of the present paper is (o study the ansteady

heat transfer in MHD micropolar Jeffery Fluid Aow through
porous medium over a stretching sheel. The numerical
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solutions, obtained by bvpde (boundary value problem
fourth order Runge—Kutta collocation method) built-in
function in MATLAB software, are performed [or different
values of dimensionless parameter involved in the equations
such as the Jeflfrcy parameter, Magnetic parameter, mixed
convection parameter, radiation parameter. etc. The impact
of pertinent parameters on the velocity, temperature and
micro-rotation is been discussed in this section. To illustrate
the computed results, some figures are plotted and explained.

Figures 24 depicl the effect of porosity parameter on
simulated velocity, micro-rotation and temperature profiles.
Simulated velocity decreases while lemperature increases

@) Springer

with increase in value of porosity parameter. That is. porous
medium resists the flow while the larger the denseness of
porous medium the larger the temperature. The micropolar
particles of the Muid oscillates irregularly about the point
n=1.091.

Figures 5-7 exhibil the influence of Deborah number on
the distribution of velocity, micro-rotation and lemperature
profiles. respectively. Simulated velocity increases while
lemperature decreases with increase in Deborah number.
The higher value of Deborah number indicates that Row is
strong enough which led 1o the fuid to become stretched and
highly oriented in one direction. Angular velocity decreases
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Fig. & Micro-mation fr vari- x 10

o= values of Deborsh number T T
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Fig. 7 Tempeniiure proffe w4
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Ay =001

L ] 1 1

& 0.5

first (near the surface) with the increase im Deborah number
then afier when n=1.091 i.c. for bigger i (boundary layer
thickness) trend is opposite. [t happened as for smaller val-
ues of Deborah number; the behavior of lud tends to be
VisCOUs.

Figures 5—10 display the effect of different values of
unstcadyness parameter on simulated velocity, micro-
rotation and temperature profiles. Both simulated veloc-
ity and temperature increases with the increasing values
ol unsteadyness parameter while a decrease is observed in

1 15 2 25 3
1

micro-rotation profile in the beginning. Afler n atlains o
value of 0.8182 angular velocity increases.

Figures |1-13 show that simulated velocity decreases
while temperature increases with increase in value of Jef-
fery Auid parameter and micro-rotation profile first increases
and then decreases after p= 1152,

Figures 14, 15 exhibit the effect of mixed convection
parameter on simulated velocity and temperature profile:
With increase in the value of mixed convection leads to the
decrease in femperature and simulated velocity profile.
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Fig. 12 Micmo-rodation for <10
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Fig. 16 Simulated vefocity for 1 T i T T T
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From Figs. 16—18. il i5 seen that the simulaled velocity
decrenses while tlemperature (near surface) of fluid mcreases
with inerease in valoe of magnetic ficld parameter. The pres-
ence of MHIY deferred the development of liguid, however
offered more encrzy stockpiling in the actual liquid. Angular
velocity increases first with the increase in magnetic field
parameter then after when = 1.09] a reverse effect is obs
erved.

Figurex 19-21 demonstrated that both simulated veloc-
ity and temperature decreases with the inereasing values of
coupling parameter while angular velocity increases.

) Springer

)

Figures 2224 reveal that increase in micro-inertia den-
sity parameter leads Lo decrease in lemperatore and simu-
lated velocity profile and increase in micro-rotation profile.

Figures 25-27 remarked that as the values of spin gra-
dient viscosity parameter increases the temperature profile
decreases and simulated velocity increases. Angular velocity
decreases first with the increase in spin gradient viscosity
then after when = 1.091 an increase in shown in micro-
rotation profile.

Figures 28, 29 clearly depicted that temperature distribo-
tion decresses with the increase in radiation parameter while
micro-rotation profile shown an increase.
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Fig. 18 Temperatme profile for
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Fig. 20 Micmo-rodation for
different values of coupling

parameter

Fig. 21 Temperature profile
for dafferent values of couphng
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Fig. 22 Simubited veiocity for 1 T T T T T
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Fig. 24 Temperalure profile for
different values of micro-inertia T T T
densily panimeler
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Fig. 25 Simufated velocity for 1 T T T T ;
different values of spin pradient
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Fig. 26 Micmo-rodation for
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Figure 30 It is been observed that for increasing values of
Prandi] number there is 2 decrease in temperature profile. It
happened as higher of Prandtl number have the weaker dif-
fusivity. The viscosily 15 dominanl, and thus. heat transfer
is less convective.

It has been observed from Figs. 31, 32 that the skin
friction coeflficient against Deborah number decreases

1 15 2 25 3
n

with increasing the values of Jeffrey Auid parameter which
shows thal near siretching sheet friction is reduced in the
presence of Jeflrey Auid whereas it increases against Jef-
frey Mluid parameter as the Deborah number increases, and
from Figs. 33. 34, it is shown that the Musselt number
decreases with increasing the values of Jeffrey fluid param-
eter while it increases in increasing the values of Deborah
number.
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Fig. 28 Micmo-rodation for
various values of radiation
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Fig. 30 Temperalure profile
for different values of Prandil
number

Fig. 31 Varanon of skin fnc-
tion coefficient against Deborah
number
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Fig. 34 Vanation of Mussalt T

number against Jefrey Muid v T T

parameter

Conclusions

The following points are quite evident from the graphical
resulis as discussed above in the numerical investigation of
MHD Micropolar Jeffery Fluid flow through porous medium
over a streiching sheet:

¢ Simulated velocity of the fluid decreases with the
increasing the values of Jeffery fluid parameter. porosity
parameter, mixed convection parameter, coupling param-
eler, micro-inertia density parameter and magnetic held
parameter while trend is opposite in case of Deborah
number, spin gradient viscosity parameter and unsteadi-
TIEss parameter.

¢ The parameters like Jeffery fluid, Magnetic ficld. poros-
ity. coupling. Deborah number and spin gradient viscos-
ity parameter have reverse effect on lemperature profile.

# The larger the Prandl] number smaller the temperature of
the Auid.

¢ Mear the surface, the larger values of Deborah number
and spin gradient viscosity parameter led (o decrease the
distribution of micro-rotation of Auid but afier = 1.091
it enhances. That is, the larger the Deborah number, the
micro-particles of the fluid behave as solid-like result-
ing decreases the velocily of the micro-particles when
n< 1.091. But an exactly reverse effect is shown on
micro-rolation against the porosity parameter and mag-
netic field.

¢ A dual effect is also shown by Jeffery Auid parameter on
micra-rotation profile. Near the surface. il increases and
then decreases afler n> 1.152:

{1}
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