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ABSTRACT

Minerals play important biological and physicochemical functions inside living organisms.
However, their efficiency depends on many factors, including chemical form, particle size, and
dosage level. Cobalt is one of the important essential trace minerals, required in low quantity in the
diet for normal body functioning. Unfortunately, information regarding the optimal dietary
supplementation level of cobalt in most fish species, including Mahseer Tor putitora, is not
documented. Here an attempt has been made to determine the optimum dietary supplementation
level of different chemical forms of cobalt in Tor putitora. First, a feeding trial was executed to
determine the optimum dietary dosage level of the conventional inorganic form of cobalt (macro-
scale). Advanced fry of T. Putitora were fed graded levels of cobalt chloride supplemented diets
(0.5-3mg/kg diet) for 90 days. Results indicated the positive effect of cobalt supplemented diet at
dosage level up to 2mg/kg feed on the growth performance and proximate body composition of fish.
However, Co supplemental level above 2mg/kg reduced the growth rate of fish, indicating a dose-
dependent toxic effect. Moreover, a curvilinear relationship was observed with the increasing cobalt
supplementation in diets between whole body crude protein (%) content and weight gain (%) of
fish. Furthermore, at higher supplementation levels, results indicated the inhibitory effect of cobalt
on the accumulation of iron and manganese in the muscle of fish. To validate the results, a
nutrigenomic study was designed and the effect of dietary cobalt supplementation on the expression
of growth-related genes, i.e., myoblast determination protein 1 homolog MyoD and myogenin
MyoG in the muscle and stress response gene (heat shock protein 70KDa) in the liver was also
studied. Results indicated the positive effect of a 2mg Co/kg diet on the mRNA levels of growth
genes in the muscle. However, cobalt supplementation at a higher dosage level (3mg/kg diet),
down-regulated the growth-related genes in the muscle and up-regulated the expression of stress
response gene (heat shock protein 70KDa) in the liver of fish. Results of our preliminary

experiment revealed that CoCl> supplementation at 2 mg/kg diet is optimal for the muscle growth

XX



and body composition of T.putitora. We then further extended our investigation by studying the
effect of graded levels of different chemical forms of cobalt, i.e., cobalt chloride nanoparticles (Co-
NPs) and cobalt methionine complex (Co-Met) on T. putitora fingerlings. First, Co-NPs and Co-
Met complex was prepared by using ball-milling and precipitation methods respectively, and then
characterized by using X-rays diffraction spectroscopy (XRD), scanning electron microscope
(SEM), and energy dispersive spectroscopy (EDS) for their size, surface morphology, and elemental
composition. Characterization of particles indicated the crystalline nature of Co-NPs with particle
size <20nm. However, the XRD spectrum of the Co-Met complex did not show any peak,
indicating the amorphous nature of the complex. SEM image of Co-Met complex appeared as a
honeycomb-like octahedral structure with an average size of 82.69nm. Furthermore, EDS spectrums
indicated 21% oxygen, 40.33 % chloride and 37% cobalt in Co-NPs, and 31% carbon, 1.32%
nitrogen, 48.53 % oxygen, 2.06% cobalt and 0.31% chlorine in Co-Met complex. In the next phase
of the study, feeding trials were conducted to study the effect of graded levels of Co-NPs and Co-
Met complex supplemented diets on T. putitora fingerlings. Results indicated the significant effect
(P<0.05) of both chemical forms of cobalt on the growth performance, hemato-immunological
indices, intestinal enzyme activities, the proximate composition of muscle, and metals accumulation
in muscle. Co-NPs supplemented diet showed a positive effect on fish up to the inclusion level of
1.5mg/kg diet. However, further inclusion of Co-NPs in diet-induced toxicological effects, 1.e.,
negative effect on growth, hemato-immunological indices, intestinal enzyme activities, and
proximate composition of the muscle. Contrary to that, the Co-Met complex supplemented diet did
not show any toxicity even at the maximum dosage level, i.e., 3mg /kg diet. Moreover, after
exposure to a pathogen, Aeromonas hydrophila, maximum mortality was observed in a group of
fish reared on 3mgCo-NPs /kg diet. However, the Co-Met fed-group of fish reared on same dosage
level (3mgCo-Met complex /kg diet), showed no mortality. Two way ANOVA indicated a

significant effect of chemical forms and dosage levels on all studied parameters of fish. Moreover, a

xxi



significant (P<0.05) interaction between both variables (chemical forms x dosage levels) indicated
how both of them affected the fish. Furthermore, a pairwise comparison revealed that the organic
form of cobalt (Co-Met) at every dosage level showed a comparatively stronger positive effect than
the inorganic nanoform of cobalt. For further validation of results and practical application of both
chemical forms of cobalt supplemented diets, a further completely randomize feeding experiment
was designed and conducted in earthen ponds in semi-intensive culture conditions. Based on
previous experiment results, two dosage levels of both organic and inorganic forms of cobalt, i.e.,
1.5mg and 3mg /kg diet were selected and fed to fish for 90 days. Results indicated a dosage-
dependent positive effect of Co-Met complex supplemented diets on growth performance (Wr,
%WG, AWG, ADG, %SGR), hematological indices (RBC, HB, HCT, MCV, MCH, MCHC
immunological indices (plasma protein, IgM level, serum lysozyme activity, WBCs count,
respiratory burst and phagocytic activity), liver function indices (serum AST and ALT activities),
nutritive value (muscle proximate composition and amino acids profile) and expression of MyoD
and MyoG genes in the muscle of fish. However, in accord with the previous results, Co-NPs
supplemented diet showed a positive effect up to inclusion level of 1.5mg/kg diet, and at higher
inclusion level (3mg/kg diet), showed a toxic effect on all studied parameters of fish. Overall, Co-
NPs appeared more efficient and required in less quantity for the beneficial and toxicological effects
than conventional CoCl,. However, Co-Met complex as compared to Co-NPs showed the most
pronounced positive effects without any toxicity at all dosage levels on all studied parameters of
fish. Based on the results, we could recommend an organic form of Co (Co-Met complex) as a

dietary supplement for improving growth, immunity, health status, and nutritive value of T.putitora.
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In the animal production system, good nutrition is essential because it not only influences the
production cost but also affects the growth and health status of fish (Hardy et al., 2002). In fish
farming, nutrition is critical because feed represents 40-50% of the production costs. In recent years,
fish nutrition has advanced noticeably with the development of new, balanced commercial species-
specific diets that promote optimal fish growth and health (Hixson, 2014). The primary function of
fish food is to supply adequate energy for growth and reproduction. Therefore, the development of
new species-specific diet formulations that could support the aquaculture industry as it expands is a

prerequisite for affordable, safe, and high-quality fish and seafood products.

Fish feed formulation for different species generally depends on knowing how much energy
and quantity of each nutrient is required (Craig et al., 2017). For instance, fish utilize protein and fat
as a source of energy followed by carbohydrates. However, considerable variations in the utilization
of nutrients as an energy source at the species level exist. For instance, carnivorous species most
efficiently utilize dietary protein and lipid for energy, but less efficient at using dietary carbohydrates.
Lipids are also considered as a rich source of energy along with dietary proteins, especially in
carnivorous fish as they cannot efficiently utilize carbohydrates (Tseng and Hwang, 2008), however,
tilapia and carps performed well on a diet high in carbohydrate (Paul et al., 2015). According to Jafri
(1998), Catla catla fry showed improved growth performance and food conversion efficiency when
fed a diet having 40% protein and 40% carbohydrate contents. Generally, fish do not have a specific
dietary requirement for carbohydrates, but it is essential in feed, as it improves the palatability, serves
as an inexpensive source of energy and source of carbon for constructing non-essential amino acids.

When carbohydrate present at an adequate level in feed, it displays a protein-sparing effect, i.e., can
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be burnt for energy and allowing the protein to retain and use for growth. The inadequate (deficient

or excess) dietary energy levels cause a reduction in the growth rate of fish (Catacutan et al., 1995).

Protein is the most expensive part of fish feed. It plays an important role in the growth and
the regulation of many physiological functions (El-Sayed, 2014). Like other animals, fish also
synthesize body proteins from amino acids in the diet, and from some other sources. Though more
than 200 amino acids occur in nature, only about 20 are common. Among these 20 amino acids, about
10 are essential or indispensable one that must be provided in the diet, while others are “nonessential”
or “dispensable that the body can synthesize from other sources. The quantitative dietary
requirements for most of the indispensable amino acids of several fish species have been evaluated
and available in the literature (Wilson, 2003). A deficiency of any one of the essential amino acids
can limit protein synthesis, thus reduce growth rates, impaired immune functions, and also show other

specific symptoms.

Fish meal is the rich source of protein in carnivorous fish feeds due to the presence of adequate
amino acid profile, non-existence of anti-nutrient factors, high palatability, and higher digestibility
by the fish (Li et al., 2011). Other animal sources of proteins include meat meal, meat and bone meal,
blood meal, feather meal, poultry by-product meal, etc. also contain the proper level of essential
amino acids. Besides the animal source of protein, the plant source of protein like soybean meal,
cottonseed meal, wheat germ meal, corn gluten meal, etc. is also used in fish feed formulations. The
alternative sources of protein are variable in crude protein contents, digestibility, essential amino acid
contents, minerals, and ash contents, etc. For instance, feather meal has a lower protein digestibility,
meat meal and bone meal have higher ash contents and plant sources of proteins are deficient in some
essential amino acids (e.g., methionine, lysine, etc.) and contains several anti-nutritional factors
(Bora, 2014). An adequate level of dietary protein is required for growth, protection from infectious

diseases and to maintain non-specific immune responses in fish (Li et al., 2007). Therefore, during
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feed formulation, it is important to know the protein requirements of each fish species and select the

protein source carefully by considering species, fish size, cost, etc. (Guillaume et al., 2001).

In addition to macronutrients, micronutrients including vitamins and minerals are also
essential for the growth and health of fish. Therefore, their adequate level in fish feed is also essential
for fish production. Vitamins are required in trace amounts for improving fish growth performance,
reproduction, and health status (Hasan, 2001). They are of two types i.e., water-soluble and fat-
soluble vitamins. Warm-water fish can synthesize water-soluble vitamins from their intestinal
microbiota. However, in most of the cold water carnivorous fish, intestinal microflora is not
considered as a significant source of vitamins (Lall, 2000). Vitamin deficiency in fish shows different
symptoms such as scoliosis and lordosis due to ascorbic acid deficiency and dark skin coloration due
to folic acid deficiency (Anderson et al., 2003). Vitamin A and D play an important role in the
stimulation of immune responses in fish. Vitamin A deficiency reduces both innate and adaptive
immunity by impairing the ability to counteract extracellular pathogens (Deluca et al., 2001), and
deficiency of vitamin D results in defective antigen-specific immunity due to impaired localization

of innate immune responses (DeLuca, 2004).

All living organisms require minerals along with other dietary ingredients such as protein,
carbohydrates, lipids, and essential vitamins for their normal body functioning (Pond et al., 2004).
Minerals can be classified as macro minerals that are required in a relatively large amount in the diet
(g/kg) e.g., calcium, sodium, phosphorus, magnesium, potassium, and sulfur (Suttle, 2010). Whilst
other metals which are required in quite a low quantity (mg/kg) are termed as micro minerals e.g.
selenium, chromium, zinc, iron, manganese, cobalt, iodine, and copper. Minerals play important roles
in fish like involve in cellular metabolism e.g. respiration, different enzymatic activities, and oxygen
transport (iron being a basic part of hemoglobin) (Teles, 2012). They play an important role in

maintaining cellular integrity and regulation of different physiological and biological functions like
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growth, immunity, reproduction, digestion, etc. (Candlish, 2000). For instance, calcium and
phosphorus play an important role in bone formation, while sulfur, zinc, manganese, fluorine are
important constituents of soft tissues, and take part in the regulation of different body processes (Craig
et al., 2017). Moreover, minerals also play an important role in energy generation, i.e., taking part as
a cofactor for enzymes involves in the conversion of food into metabolites, synthesis, and the
formation of high energy bonds such as ATP (Maggini et al., 2007). They are also required for the
biosynthesis of certain hormones like iodine is required for thyroid hormone biosynthesis (Lall,

2003).

Micro-minerals possesses several catalytic functions and takes part in several
metalloenzymatic processes e.g. iron is involved in the aerobic oxidation of carbohydrates and
oxidation, zinc is the part of carbonic anhydrase (involve in CO2 formation), alcohol dehydrogenase
(alcohol metabolism), carboxypeptidase (digestion of protein), manganese activates the pyruvate
carboxylase which is involved in pyruvate metabolism, etc. (Lall, 2003). Additionally, these minerals
are also an integral part of biologically important compounds such as iron is an integral part of
hemoglobin while cobalt is the component of vitamin B2 (Zhang et al., 2009). Selenium is required
for optimal immune responses (both innate and acquired immunity), maintenance of cellular
membrane integrity, and protection of DNA against oxidative damage (Maggini et al., 2007). Also
important for the functioning of selenoproteins and its deficiency reduces the glutathione peroxidase

(GPx) activity (Weeks et al., 2012).

The importance of trace minerals in humans and animals is well documented. However,
information regarding the optimum dietary mineral requirement in fish is rare, which may be due to
their less amount required in the diet (Guillaume et al., 2001). Literature revealed variable
requirements in different fish species for a specific mineral. For instance, the optimum dietary

requirement reported for Fe/kg diet was 33-100mg for Atlantic salmon, 30mg for channel catfish, 150
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mg for red sea bream, and 170 mg for eel (Chanda et al., 2015). The optimum dietary requirement of
Cu for rainbow trout was a 3mg/kg diet while it was a 5 mg/kg diet for channel catfish and Atlantic
salmon (Shiau et al., 2003). Similarly, other micro-minerals also showed variable dietary
requirements in different fish species or same species in different developmental stages like dietary
manganese requirement of channel catfish, rainbow trout and Atlantic salmon was 2.4mg, 12-13mg
and 7.5-10.5 mg/kg diet respectively. Moreover, the juvenile stage of salmon and trout required a 2-
15mg/kg diet as compared to brood-stock which showed optimum performance at 30mg/kg diet

(Antony et al., 2016).

Fish can absorb minerals from surrounding water and also taken from the diet, while
incorporation in their body is highly selective and depends on the body's ability to utilize the mineral
properly (Suttle, 2010). Fish maintain the internal balance of any mineral by integrating different
mechanisms such as uptake, storage, and excretion (Evans et al., 2005). Generally, feed formulation,
especially from plant-based feed ingredients requires mineral supplementation, since they have
depleted or imbalanced mineral profiles (Lall et al., 2009). Furthermore, plant-based feed ingredients
also have anti-nutritional factors, such as phytic and oxalic acid which affect mineral absorption
inside the body e.g. phytate binds to zinc in the gastrointestinal tract making it unavailable for

absorption (Francis et al., 2001).

Generally, all living organisms require mineral supplementation in the diet to overcome
mineral deficiencies that occur either due to the suboptimal concentration level of specific important
minerals in the diet or due to the presence of metabolic antagonist which hinder mineral absorption
across the gastrointestinal tract (Lall, 2003; McDowell, 2008). According to Lall (2003), minerals are
required at their optimum concentration level for proper functioning. For instance, deficiency of
phosphorus affects the growth performance of Anguilla japonica, reduced bone mineralization, lower

phosphate level in the blood, and reduce food conversion efficiency in Oreochromis aureus (Sugiura
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et al., 2000). Similarly, Fe deficiency resulted in hypochromic microcytic anemia in Salvelinus
fontinalis (Wlasow et al., 2004), low hemoglobin levels in Ictalurus punctatus (Camus et al., 2014),
low plasma iron and Fe transferrin concentration in Salmo salar (Naser, 2000). Zinc deficiency
results in impaired growth, high mortality, reduced food intake in Ictalurus punctatus, and reduced
protein and carbohydrate digestibility due to low carboxypeptidase activity and skin/fins erosions
(Lim et al., 2001). Likewise, copper deficiency affects the Cu-Zn superoxide dismutase activities of
the liver and cytochrome oxidase activities in the heart of grouper (Lin et al., 2010) while deficiency

of chromium impaired glucose utilization in carps (Pan et al., 2003).

Many intrinsic and extrinsic factors influence the bioavailability of minerals. The intrinsic
factors include fish species, age, sex, genetic makeup, physiological condition, and feeding habitats
(Lall, 2003), while extrinsic factors include the chemical form of the mineral, particle size, metal’s
electronic configuration and it’s competitive antagonism, dietary supplementation, route of
administration and solubility of mineral (Harvey, 2001). Inside the gastrointestinal tract, there is an
interaction of minerals with macronutrients (protein, lipids, and carbohydrates), other metals, and
anions, while at the intestinal membrane, there is a competition of mineral with other metal
transporting ligands for absorption (Ashmead et al., 1992). Several endogenous mediated ligands and
solubility of the product affect the bioavailability and release of metals to target cells (Kratzer, 2018).
For instance, the soluble form of the mineral is normally ionized and the acidic medium of the
stomach further increases their solubility. However, the basic medium of the intestine reduces their
solubility by binding mineral ions with ligands or anions. This process occurs in the ileum and
jejunum, and these metal-ligand/acid radicals’ complexes are quite stable and highly insoluble which
affects mineral absorption (Ashmead et al., 2012). Furthermore, integral membrane proteins which
are embedded in the plasma membrane of the intestine also affect the absorption and bioavailability

of minerals (Paik, 2001).
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Trace minerals play an important role in cellular metabolism and are required relatively in
low quantity while their excessive dosage level causes toxicity in fish (Sevcikova et al., 2011). Metal
toxicity in fish results in morphological, behavioral, and physiological changes such as reduced
growth, impairment in respiration, swimming activity, and reproductive disorder of the fish (Lall,
2003; Jezierska et al., 2009). The mechanisms of metal toxicity involve the blocking of biologically
important enzymatic groups and the displacement of metal ions from functional cellular units and
biomolecules (Atli et al., 2007). Dietary essential elements show toxic signs when they are fed above
their optimum dietary requirement. For instance, iron above the optimum level impaired the growth
performance, lower FCR, and caused histopathological destruction in the liver of rainbow trout
(Carriquiriborde et al., 2004), while excessive dietary copper negatively affects the growth
performance and FCR, damages gills, and resulted in the kidney, intestinal apoptosis and liver

necrosis in Atlantic salmon (Berntssen et al., 1999).

The level of metal to become toxic to fish depend on various external and internal factors e.g.,
chemical form and dosage level of metals, route of exposure (dietary or through gills), fish age,
genetic makeup, nutritional status, and developmental stage of fish (Kratzer, 2018). Depending upon
concentration and exposure period, metal toxicity could be chronic (exposure of low concentration
of metals for longer duration) or acute (exposure of the high concentration for a short period)
(Jaishankar et al., 2014). At higher concentration levels, some of the essential dietary minerals exert
an adverse effect on animals, including livestock and aquatic species, and also affect human health
by entering the food chain. Hence, during feed formulation, it is importat to consider dietary factors
that influence metal toxicity like management practices, feed additives, accidental contamination, and

food ingredients (Pandey et al., 2014).

Metals are toxic due to their bio-accumulation and then further bio-magnification inside the

living tissue where they are stored easily instead of being excreted out of the body. Rahman et al.
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(2012) reported a positive correlation between dietary iron and manganese and their bioaccumulation
level in different organs such as skin, muscle, and liver of broiler chickens. Copper is an essential
micro-mineral but its excessive intake results in Cu poisoning in different organs such as gills, liver,
kidney, and ultimately fish mortality (Mishra et al., 2008). Vaquero et al. (2011) reported reduced
feed intake, low growth performance, excessive production of reactive oxygen species, and high
accumulation level in farmed cattle in response to excessive dietary copper. According to Nnaji et al.
(2011), fish can be the source of excessive metal toxicity in humans due to metal bioaccumulation in
their n-3 polyunsaturated fatty acids and proteins (Sandor et al., 2011). Heavy metal bioaccumulation
in fish depends on their concentration in the surrounding water and their diet (Khaled, 2004). Some
of the metals such as mercury and arsenic are carcinogenic while others are accumulated in visceral
organs such as the intestine and liver of fish which are normally discarded during fish processing,
thus do not pose health risks for human consumption (Tchounwou et al., 2003; Gall et al., 2015).
According to Qiu et al. (2011), lipid content greatly affects the metal bioaccumulation in fish and
reported a direct relationship between copper and zinc accumulation and lipid content of two farmed

fish, i.e., Trachinotus carolinus and Lutjanus campechanu.

Different factors such as species, size, diet composition, mineral interactions (either positive
or negative), feed ingredients and mineral bioavailability must be considered to establish an optimal
mineral dosage level in the feed (Soetan et al., 2010). Optimal mineral concentration in feed
represents a band between inadequate/deficient and adequate/excessive level, which is established
based on the dietary mineral supplementation level and its response in fish species at specific
developmental stages (Craig et al., 2017). Additionally, metal speciation, their solubility index, and
complexation with other molecules/elements also influence their optimum level and toxicity in the
aquatic environment (Forstner et al., 2012). According to Heydarnejad et al. (2013), elevated levels

of dietary cadmium in rainbow trout affect the growth performance and survival of fish. Clearwater
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et al. (2002) studied the diet-borne toxicity of zinc and copper in fish. According to them, copper is
toxic above the 1 pg/g/day dietary supplementation level in Ictalurus punctatus while dietary
supplementation level above 1-15 pg/g/day is toxic to Salmo salar at different developmental stages.
Mostly micro-minerals are essential at an optimum level to perform different functions inside the
body, but beyond that level or in excessive amounts cause toxicity (Chanda et al., 2015; Prabhu et al.,
2019). For instance, Zn is required in optimum quantity to improve the growth performance, immune
response in fish. Moreover, it is involved in several enzymatic processes such as carboxypeptidase,
glutamic dehydrogenase, carbonic anhydrase, etc. Zinc also possesses antioxidant properties and
helps to protect the tissues against oxidative damage (Kumar et al., 2017), yet excessive zinc
concentration causes hypocalcemia by competing with calcium ions for absorption (McRae et al.,
2016). Oxidative stress in response to higher levels of Zn in Fundulus heteroclitus and manganese

in Carassius auratus is well documented (Loro et al., 2012; Vieira et al., 2012)

The chemical form of the mineral is one of the main extrinsic factors which affect its
utilization in living organisms. In the feed of aquaculture animals, minerals are mostly supplemented
in their inorganic forms such as chlorides, sulfates, carbonates, and oxides. These inorganic forms of
minerals are poorly absorbed due to the formation of a complex with several anti-nutritional factors
present in the diet or in the intestinal lumen which ultimately hinders their utilization in fish (Miles
and Handy, 2000; Lall, 2003). Nowadays, research is in progress to improve the bioavailability of

minerals and utilization in humans and animals including fish (Gharibzahedi et al., 2017).

One way of improving the bioavailability of minerals involves the formation and utilization
of chelates. Chelates are stable, low molecular weights organic metal complexes as compared to their
inorganic salts thus making them more available inside the living body (Paripatananont et al., 1995;
Katya et al., 2017). The word ‘chelate’ was formerly derived from the Greek word meaning claw. It

is the type of bond between metal ions with a ligand having a minimum of two functional groups
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(OH", N2, NHa, etc.). Metal chelation is a process in which positively charged polyvalent metal cations
are sequestered with highly electronegative chemical compounds, i.e., ligands in a ring structure

which enhances their absorption across membranes (Paik, 2001).

Different types of organic metal chelates are available in animal nutrition, which varies with
respect to ligand type and ligand used for forming metal complex (Kratzer, 2018). Chelate release the
incorporated metal ion at the site of absorption by adsorption at the intestinal luminal surface or
sometimes being readily absorbed as an intact molecule and increase their absorption across intestinal
lumen, thus inhibits the formation of insoluble collides of metal ion (Apines et al., 2004). For instance,
copper chelate with HMTBA (2-hydroxy-4-methylthio butanoate) has a far more stable configuration,
which resists its binding to antagonists present in the GI tract and precipitation in the intestinal lumen.
This property makes the metal chelates molecules to reach the intestinal epithelial layers without
hindrance and bind with receptor sites, where HMTBA-Cu chelate is cleaved and metal ions are
transported via enterocytes into the blood circulation and HMTBA by diffusion passed through the
epithelial cells. The transport of chelated copper makes the Cu more bio-available to animals and
consequently decreases its requirement in the diet (Leeson, 2009). Consequently, less Cu is lost
through the body and accumulated in the production system, thus protecting wild and farmed aquatic
animals from contamination (Guo et al., 2001; Richards et al., 2010; Manangi et al., 2012). Moreover,
it is also reported that phytic acid, phosphorus, calcium, and oxalic acid in commercially available
salmon and catfish feed make insoluble and indigestible compounds with dietary supplemented zinc
in the gastrointestinal tract, which hinders the absorption of zinc and makes it less bio-available to
the body and more lost to the environment as waste (Francis et al., 2001; Rider et al., 2010; Prabu et
al., 2017). Organic mineral supplements as metal chelates had gained importance in the feed industry
due to their high bio-availability and similarity to naturally occurring bio-molecules as compared to

their inorganic form (Fernandes et al., 2008). Since the utilization of mineral in the body depends on
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the body’s ability to convert inorganic minerals into their biologically activated organic form,
therefore supplementing highly bio-available organic mineral chelates appeared as a more natural

method for supplementation of trace mineral in the feed (Vieira et al., 2008; Abdallah et al., 2009)

Three types of metal chelates are important for biological functioning, including chelates in
which metal itself has no function while ligand is used to transport and store the metal ions (Boling,
1993). Metal incorporated in such ligands does not modify its properties, instead takes benefits from
ligand’s physical and chemical property which helps them to absorb across the membranes and
transport through the bloodstream and get deposit where require e.g. transferrin, iron-binding plasma
glycoprotein act as ligand and helps to transport chelated iron throughout the body. Normally, amino
acids act as an important carrier for minerals in the living body. These amino acids do not behave as
individual amino acids, instead of being part of chelates, help their absorption across the intestinal
mucosal wall and their stores throughout the body (Kratzer, 2018). The second group of chelates
includes those which play important physiological functions inside the body, allowing the chelated
metal to perform its function properly (Andrieu, 2008) e.g. chelated Fe in hemoglobin and Co in
vitamin Bi2. Without cheated iron, hemoglobin cannot efficiently bound and release oxygen for
metabolic use, thus could not perform its function properly i.e., transport of oxygen (Olivieri et al.,
2000). Another example of such types of chelates includes in which metals as a constituent of
important enzymes (metalloenzymes) play important metabolic functions in the cells like manganese
and zinc in pyruvate carboxylase and carboxypeptidase respectively (Sousa et al., 2007; Wood, 2009).
The third and last group of chelates includes those which interfere with the utilization of important

cations. These chelates are formed accidentally and do not perform any function inside the body.

Commercially, different types of metal amino acid chelates are available as a nutrient
supplement such as zinc methionine/lysine (Jahanian et al., 2008), manganese methionine, Fe-

methionine and Co-lysine (Uchida et al., 2001), Se- methionine (Ornsrud et al., 2002; Berntssen et
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al., 2017). The higher bioavailability, digestibility, and efficacy of the organic metal complex in
contrast to the inorganic form of metals in mammals and fish are well documented. Many
investigators reported the higher bioavailability (Berntssen et al., 2017), digestibility (Qrnsrud et al.,
2002), and efficacy of the Se-Met complex as compared to the inorganic form of Se in different fish
species. For instance, Mansour et al. (2017) reported the improved growth performance, feed
utilization, the relative survival rate, immunological indices, and antioxidant status of Argyrosomus
regius in response to dietary organic selenium. Similarly, ITham et al. (2016) also observed improved
growth performance and antioxidant enzyme activities of Lates calcarifer when fed a diet
supplemented with organic selenium in contrast to the inorganic form of selenium. Moreover, other
scientists reported the higher bioavailability and digestibility of the organic—selenium as compared to
inorganic form in Salmo salar (Ornsrud et al., 2002) and comparatively higher efficiency in
improving resistance against Edwardsiella ictaluri infection in Ictalurus punctatus (Wang et al.,
1997). Like Se, significantly higher bioavailability of organic forms of Zinc (Zinc gluconate) and
manganese (Mn-amino acid chelate) in contrast to inorganic form (sulfated form) and positive effect
on larval growth and feed conversion ratio of Oncorhynchus mykiss is also well documented (Apines

et al., 2004).

Besides chemical form, the size of the supplemented mineral is another important extrinsic
factor that affects the mineral absorption and its utilization in animals. Nowadays, nanotechnology is
gaining importance in every field of life and is considered as a tool to improve the absorption,
bioavailability, and efficiency of minerals inside the body (Sharif et al., 2017). Nanotechnology
involves the synthesis and application of materials/elements at their molecular levels i.e., at their
nanometer scales (Momin et al., 2013). Micronutrient bioavailability and efficiency can be improved

by the utilization of advanced nanotechnology. Nanoparticles possess a large surface area to volume
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ratio and high surface catalytic activities which make them more effective as compared to their macro

forms (Joye et al., 2014).

Metallic nanoparticles (MNPs) comprise pure metals and their compounds as oxides, sulfates,
phosphates, chlorides, etc. in different forms and shapes exhibiting distinct physicochemical
properties which make them a potential candidate in biomedical and diagnostic techniques (Mody et
al., 2010; Rosarin et al., 2011). NPs possess distinct physiochemical properties that enable them to
perform under different thermodynamic and physicochemical conditions as compare to their macro
forms. Moreover, they can conjugate with different types of drugs, antibodies, and ligands thus
displaying antibacterial activities (Jiang et al., 2007). According to Pal et al. (2007) their mobility,
reactivity, and biological activities depend on their size, physical and chemical forms, and ionic

charge.

Nowadays, research is ongoing to change the state of free radicals by converting them into
their nano form, having unique properties, and improved redox potentials (Kumar et al., 2020). It was
observed that nanoform of Fe, Zn, and Se are more bioavailable and get easily absorbed in the body
without their excessive fecal loss as compared to their macro-counterpart (Sen et al., 2016). Many
investigators reported the higher bioavailability and efficiency of nanoform of metals as compared to
microform of metals. For instance, Chris et al. (2018) reported growth-stimulating effect of dietary
iron nanoparticles i.e., 30% and 24% faster growth rate in Carassius auratus and Acipenser
gueldenstaedtii respectively, while other investigators had reported improved growth performance,
highest survival rate, improved biochemical and hematological indices and digestive activities
of Macrobranchium rosenbergii postlarvae (Srinivasan et al., 2016), Oreochromis niloticus (Abdel-
Hammed et al., 2019), and Labeo rohita (Behera et al., 2014) in response to dietary FeoO3-NPs as
compared to macro forms of Fe>Os. Like this, some other scientists had utilized selenium in its

nanoform as a feed supplement and reported the improved growth performance, increased
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Glutathione Peroxidase (GSH- Px) activity and improved activities of antioxidant enzymes status in
different fish species e.g., Tor putitora (Khan et al.,2016), Cyprinus carpio (Ashouri et al., 2015)
and Carassius auratus gibelio (Wang et al., 2013), while Khan et al. (2017) reported the improved
feed conversion ratio and weight gain of T. putitora when fed diet supplemented with 0.68mg Se-
NPs/kg of feed as compared to those fed basal diet. The high bioavailability, antibacterial activity,
growth-promoting, and immune-stimulating effect of ZnO-NPs in contrast to conventional ZnO is
well documented (Swain et al., 2016). Different scientists reported growth-stimulating effect of ZnO-
NPs supplemented diet in fish e.g. Oreochromis niloticus (Tawfik et al., 2017; Kishawy et al., 2020),
Oncorhynchus mykiss (Shahpar et al., 2019) Labeo rohita (Thangapandiyan et al., 2019; Mondal et
al., 2020), Clarias gariepinus (Onuegbu et al., 2018) and Ctenopharyngodon idella (Faiz et al., 2015),
while others reported the antibacterial and antifungal activity of ZnO-NPs against fish pathogens,
Vibrio harveyi, Yersinia ruckeri, Aeromonas hydrophila and Aeromonas salmonicida, and
Aphanomyces invadans (Shaalan et al., 2016). Recently, Dawood et al. (2020) reported the beneficial
effect of dietary copper nanoparticles on the weight gain and immunological indices of Cyprinus
carpio. Though nanoparticles supplementation improves the effectiveness of mineral as compared to
their macro forms, however, their high dosage level negatively affects the growth performance and

health status of the fish (Shaw and Handy, 2011).

Fish can absorb minerals and other compounds from the surrounding water. Nevertheless, due
to low concentration in water, freshwater fish generally require minerals as dietary supplements to
fulfill body requirements (Beveridge et al., 2013). Supplementation of any particular mineral in
foodstuffs should be carefully screened to avoid metal accumulation at toxic levels (Malomo and
Thegwuagu, 2017). The current knowledge about the supplementation of metallic minerals in fish is
mostly limited to iron, manganese, zinc, and selenium, which are the main elements of body fluids

and the basic components of non-enzymatic macromolecules and can also act as cofactors in
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enzymatic reactions (Teles, 2012). However, various spiteful symptoms associated with deficiencies
of other minerals like chromium, copper, fluorine, iodine, and molybdenum, are well known (Lall,

2002; Terech-Majewska et al., 2016).

Cobalt is considered an important essential micro-mineral in fish and other vertebrates
(Perrault et al., 2014). It is required in a low quantity in the diet for the normal body functioning of
an organism (Yilmaz et al., 2010). It plays an important role in the regulation of the activity of many
enzymes, intestinal microbial synthesis of vitamin B2, blood glucose levels, DNA synthesis, fatty
acid synthesis, and energy metabolism (Blust, 2011). Structurally vitamin B2 or cobalamin is an
organometallic compound containing a Corrin ring with a central cobalt atom. Co can be linked to
the methyl group in methylcobalamin, cyanide group in vitamin B2, and to 5'-deoxyadenosine at the
5' position in a coenzyme Bi2 (adenosylcobalamin). These links are important for particular Bi-
dependent enzyme action (Krdutler, 2019). Cobalamin is structurally similar to hemoglobin,
cytochrome, and chlorophyll porphyrin ring. Out of six coordination sites, four of them are provided
by cobalt while the other two by dimethyl-benzimidazole (Hapke et al., 2020). Vitamin Bj; is a
cofactor of two important enzymes, i.e., methylmalonyl- CoA mutase (MCM) and methionine
synthase (MS) (Blust, 2011). MCM plays an important role in the Krebs cycle by contributing to the
synthesis of succinyl-CoA from methyl-malonyl coenzyme A (Kréutler, 2005), an important step in
energy extraction from fats and protein. The second enzyme, MS or 5-methyl-tetrahydrofolate-
homocysteine methyltransferase plays an important role in the synthesis of nucleic acids (McDowell,
2008) and processing of amino acids, especially the regeneration of methionine from homocysteine
(Kréutler, 2005). In addition to these, the presence of Co in some other proteins like methionine
aminopeptidase 2 (METAP2) and nitrile hydratase (NHases) is also documented (Blust, 2011).
METAP2 is a cytosolic metalloenzyme (binds two Co or Mn ions), present in all organisms including

fish. It is responsible for the cleavage of N-terminal methionine residues from nascent protein (Blust,
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2011) and is playing a critical role in protein degradation and tissue repair (Bennett and Holz, 1997).
N-Hases are the single Co*? ion or Fe'? containing enzymes present in bacteria and eukaryotic
systems. These enzymes catalyze the hydration of numbers of different types of nitriles into their

respective amides (Chang et al., 2010).

Cobalt as a component of vitamin B1» plays an important role in DNA synthesis, cell division,
and the modulation of immune functions in humans and animals by facilitating the production of T-
cell lymphocytes in the blood, maintaining the CD4/CD8 ratios, and keeping the lymphocyte count
in the average range (Todorova et al., 2017). Vitamin B> is involved in the concanavalin-A dependent
production of T-cells and stimulates the immunoglobulin synthesis, thus protects the animals against
pathogenic bacteria, virus, and other foreign toxic intruders (Erkurt et al., 2008). Worldwide Co
abundance in the Earth's crust and water is relatively low about 0.0025% (weight/volume) and 4-10%
respectively (Swanner et al., 2014). Therefore, it must be supplied with the feed (Mukherjee and

Kaviraj, 2009).

Dietary Co requirement in fish varies with age, size, species, and culture conditions (Wilson,
2003). Although plant- and animal-based proteins in aquafeeds are a source of Co, some freshwater
fish require an additional Co in their diet for optimum growth (Wilson, 2003). Though Co is ranked
as an essential dietary mineral, knowledge about the optimum dietary requirement of cobalt in many
fish species is limited. Some investigators had reported the positive effect of dietary supplement of
Co on the intestinal production of vitamin B2 and the survival, growth, and immunity of different
fish species. For instance, Lin et al. (2010) had observed a significant increase in plasma and hepatic
cobalamin concentration when fed a 10mg/kg cobalt chloride supplemented diet to Epinephelus
malabaricus. Viswanath (1989) had also reported improved growth performance i.e., net increased
in 108% total length and 229% total percentage weight gain and survival rate of Liza parsia at lower

supplemented level, i.e., Img/kg cobalt chloride, while Mukherjee and Kaviraj (2009) reported
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improved growth performance of C. carpio fingerlings when they were fed diet supplemented with
cobalt chloride at different dosage level i.e., 0.05%, 0.10%, and 1.0%. Conversely, the dietary
optimum cobalt requirement of Tilapia zillii was somewhat higher. According to Anadu et al. (1990),
a dietary supplementation level of 250 mg Co/kg diet is sufficient for growth and other physiological

and biochemical functioning of T. zillii.

Nowadays, cobalt and its compounds are considered a promising candidate for drug
developments due to their unique therapeutic physiochemical properties. Bruggraber et al. (2004)
reported the antibacterial activity of cobalt chloride alone at a concentration level of 0.03—1.0 mg or
a mixture of 2mg/kg CoClawith 1 mg/L of amoxicillin against Helicobacter pylori and suggested the
role of cobalt ions in the interfere of oxidative mechanisms in bacteria. Furthermore, Heffern et al.
(2013), recommended the use of coordination complexes of cobalt as a therapeutic agent due to their
antibacterial anti-fungal activities against a wide range of pathogenic bacteria and fungi. Antibacterial
activities of di-valent cobalt complexes with chitosan have also been reported by Adewuyi et al.

(2011) against Escherichia coli, Staphylococcus aureus, and Streptococcus faecalis.

Cobalt is toxic to living organisms at a higher dosage and long-term exposure levels, which
results in adverse effects on different body organs and their functioning (Jaishankar et al., 2014). For
instance, cobalt salts are mutagenic during multiple exposures at higher concentrations and may cause
inheritable damage to the exposed living body (Beyersmann et al., 1992). The carcinogenic effect of
high cobalt doses may appear due to the interference of cobalt with the oxygen sensor in the hypoxia
response pathway (Beyersmann et al., 2008). According to Elbetieha et al. (2008), chronic cobalt
exposure in a time and dose-dependent effects fertility, reduced testicular weight and results in low
concentration of epididymal sperm count in rats. Cobalt toxicity results in increased testosterone
levels in treated rats and directly interferes with the testosterone synthesis regulatory mechanisms and

spermatogenesis (Chen et al., 2013). According to Additives et al. (2009), cobalt toxicity occurs due
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to its high affinity with SH (sulthydryl) groups which is commonly involved in the inhibition of
important mitochondrial enzymes involved in respiration, displacement of divalent metal ion from
metal activated enzymes such as iron, zinc, etc. (Additives et al., 2009). Furthermore, cobalt toxicity
results in generations of ROS (reactive oxygen species) by Fenton reaction which causes oxidative

stress and damages DNA, protein, and fats (Tewari et al., 2002).

Cobalt is an essential important micro mineral in fish, but it became toxic above certain
optimal concentrations e.g. Oncorhynchus mykiss showed toxic signs and reduced growth
performance when exposed to Co for 28 days at a concentration level of 490 pg/L (Little et al., 2007).
Moreover, the interaction of dietary cobalt with other metals in the body is well documented (Lison,
2015; Miroshnikova et al., 2015; Lopez et al., 2018). According to Combhaire et al. (1994) cobalt
competitively inhibits the calcium absorption from the gills, most likely affects Ca regulations by

blocking voltage- gated calcium channels (Blust, 2011).

Cobalt toxicity in fish involves the inhibition of important enzymes due to the displacement
of divalent metal cations from a functional cellular unit and alteration of normal biochemical and
physiological functioning of the body (Kubrak et al., 2011; Yaqub et al., 2012). Furthermore, a higher
level of cobalt exposure results in activation of reactive oxygen species which causes oxidative
damage to DNA, fatty acids, and proteins. Unfortunately, a scanty of literature is available regarding
diet-borne cobalt toxicity in fish, thus research regarding diet-borne cobalt toxicity in fish is required
(DeForest et al., 2015). Yaqub et al. (2012) had studied the dual exposure of cobalt (water and diet
borne) on three fish species, i.e., Catla catla, Labeo rohita, and Cirrhinus mrigala of three different
age groups (60, 90, and 120 days). Moreover, Abbas et al. (2016) had also studied the effect of dual
exposure of cobalt on Labeo rohita of different age groups. They had reported a significant effect of
dietary cobalt on the growth performance of fish with higher FCR during acute cobalt exposure.

Furthermore, Al-Ghanem (2011) had reported an adverse effect of a 2% cobalt supplemented diet on
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growth, proximate body composition, and digestive enzyme activities in Cyprinus carpio. According
to them, higher dosage levels of cobalt are not only detrimental to fish health and growth performance,
but also affect the aquatic ecosystem, since it is highly toxic to zooplankton (Mukherjee and Kaviraj,

2011).

Mabhseer (Tor putitora) is indigenous freshwater fish of the Indian sub-continent which is the
most common inhabitant of Himalayan cold waters. It is commonly known as golden mahseer,
mighty mahseer, or sometimes water tiger due to its appearance, size, and sporting value. It has high
nutritional and commercial value and an important game fish (Desai, 2003). It is rank as the national
fish of Pakistan (Ayub, 2007). T. putitora is omnivorous fish, however feeding habit changes at
different developmental stage i.e., adult fish mostly depend on plant matter (Ogale, 2002). External
mouth morphologyi, i.e., suctorial and protrusible shows their ability to rapidly pick food from water
bottom (Bhatt et al., 2016). In the culture system, mostly shows omnivorous and bottom-feeding
behavior at different developmental stages (Kishor et al., 1998). In the natural environment, some
scientists reported its opportunistic feeding habit, i.e., variable feed preference such as mollusks,

algae, larvae, etc. (Chatta et al., 2015).

In the past few years, commercial fish farmers and conservational anglers have expressed their
concern about the decreasing populations in natural water bodies. Multiple factors contributing to
decreasing the population like low fecundity of this important fish and anthropogenic activities, i.e.,
overfishing, the introduction of different exotic species, pollution, construction of dams, etc., which
adversely affect their natural habitat and breeding ground (Ogale, 2002). Depletion of natural stocks
of T. putitora has generated interest for its conservation and aquaculture production. Contrary to
natural bodies of water, culturing fish in captivity requires fortified nutrition and adequate feeding
(Teles, 2012), since a lack of efficient and balanced diet is the main bottleneck for the rearing of this

species.
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Nowadays, mahseer is cultured in a semi-intensive culture environment. The average growth
performance of mahseer is comparatively slower than the other carps, but it performs somewhat better
when cultured on artificial diet. Knowledge about the optimal requirement of macronutrients (protein,
lipids, and carbohydrates) and micronutrients (vitamins and minerals) is important to formulate and
prepare a balanced diet (Sarma et al., 2010). Although some work on the nutrition of T. putitora, i.e.,
the dietary requirement of protein, vitamin C, Zn, and Se has still done but information on the
optimum dietary requirement of other macro and micronutrients of this species is not available. The
literature reveals that Hossain et al. (2002) worked on the dietary requirement of protein for this
species and observed optimal growth performance of mahseer fingerlings on a 40% protein diet.
Significantly improved growth performance, immune response, and antioxidant status of mahseer
were also observed when fingerlings fed dietary vitamin C at the rate of 300 mg/kg diet (Khan et al.,
2019). Dietary supplementation of Se-NPs at the rate of 0.68 mg/kg die t also showed a beneficial
effect on growth and biochemical indices of T. putitora (Khan et al., 2016). The dietary requirement
of Zn was determined by Bhagawati et al. (2015) and reported 46.73mg Zn/kg diet for the optimal
growth performance, survival, and metabolic enzyme activity of the fingerlings and 40mg Zn/kg diet

for the fry of this species.

The dietary requirement of Co as compared to other micronutrients in fish is not well
documented. Therefore, information regarding the optimal cobalt requirement of mahseer Tor
putitora is also not available. Keeping in view the limited information about the essentiality of dietary
Co in fish as well as the impact of chemical form and size of metals on their bioavailability and
efficiency, the present study was designed to determine the optimum supplementation level of

different particle size and chemical forms of dietary cobalt in T. putitora.

We hypothesize that the nanoform of dietary cobalt (inorganic) in contrast to its microform

would have a lower dietary requirement, while an organic form of cobalt may have a profound effect
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on the overall growth performance, health status, and nutritive value of fish. To check our hypothesis,
we designed different experiments by taking into consideration two main extrinsic factors, i.e.,
particle size and the chemical form of cobalt. The study was conducted in four phases. In the first
phase, the optimal supplementation level of dietary inorganic form of cobalt was determined by
feeding graded level of CoCl, (0.5, 1, 1.5, 2, 2.5, and 3mg/kg diet) to advanced fry of T. putitora for
90 days and determined the effect on the growth performance, proximate body composition, and

metal bioaccumulation level of T. putitora.

In the second phase, for nutrigenomics study, growth and stress-related genes of T.
putitora were cloned to study the effect of the inorganic form of dietary cobalt on the expression of
muscle growth genes, i.e., myoblast determination protein 1 homolog MyoD and myogenin MyoG
and heat shock protein (70KDa) genes in the liver was determined. Since mahseer genome is not
sequenced; therefore, information related to the nucleotide coding sequence of genes of our interest

was not available. First genes of interest were cloned and then sequenced.

In the third phase of the study, inorganic cobalt chloride nanoparticles (Co-NPs), and organic
form of cobalt i.e., cobalt methionine complex (Co-Met) were prepared and for the evaluation of their
comparative efficiency and requirement. A 90 days feeding trial under controlled condition was
conducted and fingerlings of T. putitora were fed graded levels of these forms of cobalt and their
effect on growth performance, hematological indices, immunological Indices (plasma protein, IgM
level, serum lysozyme activity, WBCs count and respiratory burst activity), disease resistance after
pathogen challenge, intestinal enzyme activities (proteases and amylase and cellulase), muscle

proximate composition and bioaccumulation of metals in the muscle was determined.

In the fourth phase of the study, the practical application of dietary Co-Met complex (organic)

and nano-scale cobalt chloride Co-NPs (inorganic) as feed supplements was evaluated by feeding
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dietary Co-Met and Co-NPs supplemented diets for 90 days to fingerlings of T.putitora reared in
earthen ponds under semi-intensive culture condition and observed their effect on growth
performance, hemato-immunological indices, serum AST and ALT activities, nutritive value of fish
(proximate composition and amino acids profile of muscle), and expression of growth and stress-

related genes (MyoD, MyoG, and HSP-70kDa) in muscle and liver of fish.
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CHAPTER 1

Effect of cobalt supplemented diet on early rearing of

advanced fry of Tor putitora



MATERIAL AND METHODS

Acquisition of advanced fry of T. putitora

Advanced fry of T. Putitora (weight range =1-2g) were procured from the Mahseer Fish Seed
Hatchery, Garyala, and transported live in well-aerated plastic bags to Fisheries and Aquaculture
research station Quaid-i-Azam University, Islamabad. Upon arrival, after tempering, they were
shifted to circular fiberglass tanks, having a flow-through system (500L capacity). Before the
commencement of the feeding trial, advanced fry were acclimatized for 7 days to laboratory

conditions. During this period, they were fed a 40% crude protein basal diet.
Diet preparation

Diet was prepared from the locally available feed ingredients. The dry feed ingredients were first
finely ground and passed through a fine mesh. For dietary supplementation, Cobalt chloride
hexahydrate (CAT# 255599, ACS reagent, 98 %, Sigma-Aldrich) was purchased from a local supplier

and the supplemented amount of cobalt was calculated in the following way:
Molecular mass of CoCl2.6H.0 = 237.93

The Atomic mass of cobalt = 58.93

1 mg of CoCl2.6H20 contains cobalt = 58.93 + 237.93 = 0.247mg
2mg of CoCl..6H>0 contains cobalt = 0.5mg

The feed was formulated by taking each feed ingredient in the proper portion. The formula and
chemical composition of the test diets are shown in Table 1. Based on the basic formula, 7
isonitrogenous (40% crude protein) and isoenergetic (2909.63k calories/kg of feed) diets were

prepared by adding cobalt with increasing level, i.e., 0.5-3mg Co/kg diet.
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The feed was prepared by adopting the standard protocols reported earlier (Amir et al., 2018).
Briefly, after thorough mixing of all the dry ingredients as well as cobalt in respective diet, the dough
was prepared by hand blending with oil and a small amount of water, and then feed pellets were
prepared by passing the dough through a locally available meat grinder. Feed pellets were dried in a
pre-heated oven at 60°C. After drying, the pellets were saved in zip lock bags and stored in the

refrigerator till further use.

Fresh feed was prepared after every 15 days during the feeding trial. Before providing feed to
T.putitora advanced fry, the pellets were finely crushed by using a hand-held pestle and motor and
then passed through a fine mesh to adjust the particle size of feed approximately between 150 um to

250 pm.
Experimental design

The whole experiment was conducted in triplicate. After acclimatization to laboratory
conditions, advanced fry (initial average body weight, 1.36 = 0.02g), in good health with no sign of
infection, were randomly netted from the tank and stocked in twenty-one rectangular fish rearing
fiberglass tanks at the same stocking density, i.e., 1.5 g/L. The tanks well fitted with an aeration
system to maintain dissolved oxygen level in water up to 6.0 mg/L and heaters to keep the water
temperature at optimum, i.e., 22.5°C during the feeding trial. These tanks were divided into seven
groups with three replicates in each group and thirty fish in each tank. During the experiment,
advanced fry were fed a basal diet without Co supplement to control group while experimental groups
A-F were fed diets containing increasing levels of cobalt (A=0.5 mg/kg diet; B=1.0 mg/kg diet; C=1.5

mg/kg diet; D=2.0 mg/kg diet; E=2.5 mg/kg diet; F=3.0 mg/kg diet).

At the start of the feeding experiment, advanced fry were fed three times a day, i.e., 9:00 am,

1:00 pm, and 4:00 pm with a feeding frequency of 8% of body weight. Feeding rate and frequency
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were adjusted fortnightly and replace with a final rate of 4% body weight, twice a day (at 9:00 am
and 6:00 pm). On daily basis, the unconsumed feed was removed after 2 hours of the feeding while
the fish fecal matter was removed daily by simple siphoning, filtered, and then separately collecting
it for later calculating feed conversion ratio. After siphoning, water volume was adjusted by adding

fresh water to the tanks.

Water quality parameters including temperature and dissolved oxygen were checked daily by
using a Multi-parameter (Hanna HI 9829-01102 Woonsocket, USA), while water, ammonia level was
checked weekly by using the ammonia Kit (Hanna: HI3824). During 90 days feeding trial,
temperature and DO levels were slightly fluctuated, i.e., water temperature +£0.2°C and dissolved

oxygen *+ 0.35 mg/L, while total ammonia remained < 0.35 mg/L.
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Figure 1. Experimental design to evaluate the effect of cobalt supplemented diet on early

rearing of advanced fry of Tor putitora
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Table 1. Formulation of 40 % crude protein feed for Tor putitora

Ingredients Quantity (g/kg)
White fish meal 450
Soybean meal 150
Sunflower meal 150
Gluten 150
Rice polish 40
Wheat bran 40
CMC? 10
Vitamin premix® 10

Proximate composition (%)

Gross energy (k calories) 2909.63
Crude protein 39.42
Crude fat 12.57
Ash 8.73

a b . . . S . . . .
Carboxy-methyl-cellulose; = Vitamin premix contains vitamins, amino acids, and minerals premix/100g
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Growth performance

At the end of the experiment, i.e., after 90 days, fish were starved for 24 hours before
sampling. On the day of sampling, fish were captured from each tank collectively with the help of a
scoop net and weighed on a top-loading balance (SHIMADZU-ELB3000, Japan) and the number of
fish was counted for the calculation of the average weight of each individual. Growth performance
and FCR determined by adopting standard formulas reported earlier (Khan et al., 2017; Amir et al.,

2018)
Weight gain= Average final weight of fish (W) - Average initial weight of fish (Wj)

% Weight gain (%WG) = (W:—W;) x 100
Wi

Specific growth rate (%SGR) = In final weight (g) — In initial weight (g) x100

No. of days of the experiment

Feed conversion ratio (FCR) = Total dry feed consumed (g)

Total wet weight gain (g)
Sampling
After weighing, 21 fish from each tank were anesthetized with buffered MS222 (0.1mg/L,
buffered with Na,COz3) and used for whole-body proximate composition analysis. Since the size of
fish were not enough for proximate analysis, the 21 fish /tank were divided into 3 pools, each having
7 fish, i.e., 3 fish samples/tank and 9 samples/ treatment (n=9). Whilst 3 fish/treatment were used for

metal bioaccumulation analysis.

Furthermore, for the nutrigenomics studies, 6 fish /tank(18/treatment) were anesthetized with

buffered MS222 (0.1mg/L, buffered with Na-CO3) and dissected at low temperature on an ice pad,
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and their muscle and liver tissues were collected and preserved in RNA later™ (Thermo scientific

CAT# AM7020) and stored at -20°C till further analysis.
Whole-body proximate composition

The whole-body proximate composition was determined by adopting standard procedures
approved by AOAC 2000 (Horwitz, 2000) at ISO 17025 certified laboratory of Poultry Research

Institute (PRI), Islamabad.
Crude protein

Crude protein is usually determined by measuring nitrogen, the characteristic element in protein,

rather than the protein itself. Crude protein in the sample was determined by micro Kjeldahl’s method.

Briefly, 2g of sample was mixed with 5g of a digestion mixture (1g w/w Na2SO4 in 10g CuSO4)
and 30ml of concentrated H2SOj4 to digest the samples. Subsequently, the reaction mixture was heated
at 250°C for 2-3 hours until the light green color appeared. In the next step, the reaction mixture was
cooled and distilled water was added to make the final volume of 250 ml in a volumetric flask. Then
10 ml of the mixture was taken in Kjeldahl’s apparatus and 10 ml of 40 % NaOH was added to it.
The funnel was plugged firmly, heated for 2-3 minutes. After heating, 10ml of 2% boric acid (H3BO3)
solution was added to the funnel. The liberated ammonia (NH3) was collected and titrated against

0.IN H2SO4 by using methyl red as an indicator.

Total crude protein was determined by multiplying the amount of nitrogen by 6.25 (appropriate

factor). The percentage of nitrogen was determined by using the following formula.

Nitrogen (%) = Normality of HoSO4 Xvolume of HySO4 used x 250x 0.014 x 100
Weight of sample x 10
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Where,

*

250 = Dilution of digested mixture
% 0.014= Standard volume of H2SO4 to neutralize 1ml of ammonia
¢ 10=used volume of the diluted mixture

% 100= percentage of nitrogen
Crude protein (%) = Nitrogen (%) x 6.25
Where,

% 6.25 = Assumed factor to calculate crude protein from nitrogen (%)
Crude fat

For crude fat determination, 3g of sample was placed in the thimble which is placed in Soxhlet
extractor. After that, the solvent (150 ml of ether) was added to a round bottom flask and connected
to a Soxhlet extractor and condenser. Subsequently, the temperature of the Soxhlet apparatus was
increased and the whole extraction process was preceded for about 10 hours at 100°C at the rate of 3-
4 drops per second. In the end, the thimble was removed from the extractor, dried and its weight was

noted. The crude fat in the whole body was then determined by using the following formula.

Crude fats (%) = Wt. of thimble after evaporation — Wt. of empty thimble before heating x 100

Wt. of the sample used
Crude ash

For the determination of crude ash content, a clean crucible was placed first in a muffle
furnace oven at 100°C for an hour. After that, the crucible was cooled by placing it in a desiccator
and cooled down at room temperature and its weight was noted. In the next step, 5g of sample was

placed in a pre-weighted crucible and then the crucible was again placed in a furnace and heated at
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550-600°C for 24 hours. After heating, the crucible was cooled in a desiccator at room temperature.

To avoid moisture absorption, ash in a crucible was weighed immediately.

Crude ash (%) = Weight of ash x 100
Wt. of the sample used

Metal bioaccumulation

For the determination of metal bioaccumulation (iron, cobalt, and manganese), 1g of the
frozen sample from each treatment was thawed at room temperature and then placed in conical flasks
separately. After that, nitric acid HNO3 (5ml) and perchloric acid HC1O4 (1ml) were added into the
conical flasks having tissue samples. In the next step, the reaction mixture was digested at 250°C on
a hot-plate until the appearance of a clear transparent solution. The obtained clear solution was cooled
at room temperature and then filtered by passing through Whatman No.42 filter paper. In the final
step, distilled water (50ml) was added to the filtered solution. Fast Sequential Atomic Absorption
Spectrometer AA240 FS (AA240FS (Palo Alto, CA, USA) was then used for the determination of
cobalt (Co; (A=240 nm), Iron (Fe; A=248 nm) and Manganese (Mn A=279.5 nm). To calculate the
metal concentration, the standard calibration curve of each studied metal was plotted by making

several dilutions of standards purchased from Merck.
Statistical Analysis

Results were analyzed using the statistical package program SPSS (version 20). One-way
ANOVA followed by LSD test was applied to determine significant differences (P < 0.05) among
experimental groups (A-F) for growth performance, proximate body composition, and the muscle

iron, cobalt, and manganese bioaccumulation levels of T. putitora.
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myoblast determination protein 1 homolog (MyoD)
myogenin (MyoG) in muscle and HSP-70KDa in liver of
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Extraction of RNA

Muscle

RNA from muscle was extracted by using a High Pure RNA tissue kit (Roche, Basel,
Switzerland). Briefly, RNA later™ from muscle samples was removed, and the tissue was crushed
into fine powder in the liquid nitrogen, and then the tube having sample was placed on dry ice.
Subsequently, a mixture of 300 ul of lysis buffer plus 3.0 ul of 2-Mercaptoethanol BME was prepared
and added to the 40mg of powdered sample. The mixture was homogenized immediately by using
BRINKMAN POLYTRON®PT 1200 starter hand-held homogenizer until no visible pieces of the
sample were seen. Afterward, to digest the homogenized sample, it was mixed with the 600ul of
protein K (10 pl) and 590ul milli-Q water (MQ) solution, vortexed vigorously, and incubated at 55°C

in a water bath for 10 minutes.

After incubation, a homogenized mixture was transferred into the gene elute filtration column and
centrifuged at 1300 rpm (SCILOGEX LLC) for 2 minutes. The filtered sample was taken in a new
Eppendorf tube and 600 pl of absolute alcohol (C:HsOH) was added and mixed vigorously.
Afterward, the sample was transferred to the nuclease binding column, and centrifuged at 13000 rpm
(SCILOGEX LLC) for 15 seconds. Then 250ul of wash solution-1 was added to the nuclease binding

column and centrifuged at 13000 rpm (SCILOGEX LLC) for 15 seconds.
DNase digestion

The DNase digestion mixture was prepared by mixing 140ul of DNase digestion buffer with 20pl
of DNase enzyme. After that, the DNase digestion mixture was added to the center of the nuclease

binding column, and the column was incubated at room temperature for 30 minutes.
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After incubation, 250ul of wash solution-1 was added to the column, to stop the reaction and
centrifuged for 15 seconds at 13000 rpm (SCILOGEX LLC). Subsequently, 500 ul of wash solution-
2 was added to the column and centrifuged at 13000 rpm (SCILOGEX LLC) for 15 seconds. The
liquid was discarded and 500ul of wash solution was added again and centrifuged at maximum speed
for 2 minutes. Again liquid was discarded and centrifuged to dry the column. In the final step, 40ul
elusion solution was added to the column and centrifuged at 13000 rpm (SCILOGEX LLC) for 1
minute. The extracted RNA was quantified using NanoDrop ND-1000 (Thermo Scientific, Waltham,

MA, USA) by using the elusion solution as blank.
Liver

RNA from liver samples was extracted using Illustra RNA spin Mini Isolation Kit (GE
Healthcare, Chicago, IL, USA). Briefly RNA later ™ from liver samples was removed and 30 mg of
sample was crushed into fine powder in liquid nitrogen and later homogenized by using BRINKMAN
POLYTRON ® PT 1200 -starter handheld homogenizer. After that, 350ul of RA1 buffer and 3.5ul of
B-mercaptoethanol was added to the sample and vortexed to dissolve cells until a clear (light yellow
color) lysate solution appeared. The viscosity of a clear lysate solution was reduced by placing the
lysate solution in RNA-spin mini-filter units and centrifuged at 11000 rpm (SCILOGEX LLC) for 1
minute. The obtained filtrate was then transferred into a new tube, and 350ul of 70% ethanol was
added and vortexed for 5 seconds. After that, the lysate was loaded into RNA spin-mini filters placed
in a 2ml microcentrifuge tube, and centrifuged at 8000 rpm (SCILOGEX LLC) for 30 seconds. The
filtrate was discarded and the column was again placed in the collecting tube. In the next step, 350ul
of membrane desalting buffer was added to the column and centrifuged at 11000 rpm (SCILOGEX

LLC) for 1 minute.
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DNase digestion

DNase digestion was done by mixing 2ul of reconstituted DNase 1 with 40ul DNase reaction
buffer, and then adding this solution to the center of the column and incubated at room temperature
for 30 minutes. After that, the column was washed three times, first by adding 200ul of RA2 buffer
and centrifugation at 11000rpm (SCILOGEX LLC) for 1 minute, then with 600ul of RA3 solution
and centrifugation at 11000rpm (SCILOGEX LLC) for 1 minute, while the third wash was with 250ul
of RA3 buffer and centrifugation at 11000rpm (SCILOGEX LLC) for 2 minutes. In the final step,
RNA was eluted from the column by adding 30ul of RNase free water and centrifuged at 11000rpm
(SCILOGEX LLC) for 1 minute. The extracted RNA was quantified by using NanoDrop ND-1000
(Thermo Scientific, Waltham, MA, USA), while RNase free water was used as a blank. Furthermore,

the quality of RNA was checked by measuring absorbance at 260/280nm and 230/280nm.

Synthesis of complementary DNA (cDNA)

RNA obtained from liver and muscle was converted into cDNA by using reverse transcriptase.
At first, the reverse transcriptase master mix was prepared (composition is shown in table 2) and then
added to the RNA. Then, the solution was first incubated at 37°C in a water bath for 1 hour and

subsequently at 55°C for 5 minutes. The synthesized cDNA was stored at -20°C for further use.
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Table 2. Reverse transcriptase master mix composition

Ingredient Quantity (ul)
Buffer 5X 4

dNTPs 10mM 1

Random Primers 2.5

MLV-RT (Promega, Madison, WI, USA). 1

RNAsin 0.5

Total Oul
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Reverse transcriptase Polymerase chain reaction (RT-PCR)

Quality of synthesized cDNA was determined through RT-PCR by using primers designed
through oligo Explorer 1.1.2 software (RT-PCR reaction mixture composition and reaction conditions

are shown in tables 3 and 4 respectively).

Since the genome of T. putitora was not sequenced, thus no information was available for the
nucleotide sequence of the selected studied genes (MyoD, Myogenin, and HSP-70kDa), therefore
primers were designed by using the local alignment sequence tool Clustal Omega. Four related
species i.e., Danio rerio, Ctenopharyngodon idella, Cyprinus carpio, and Labeo rohita were selected
and their gene sequence was subjected to BLAST. The conserved sequence in multiple related species
for a specific gene was used to design primers. Since the [ actin gene (KU714644.1) is already
sequenced in T. putitora, therefore primers were directly designed by using oligo Explorer 1.1.2
software. Two reverse primers having different lengths of PCR products i.e., 99bp and 567bp were

designed for B-actin (Table 5).
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Table 3. Reverse transcriptase-polymerase chain (RT-PCR) reaction mixture composition

Ingredient Quantity (ul)
c¢DNA (RT) 0.5

Oligo (10mM) forward 0.3

Oligo (10mM) reverse 0.3

Buffer 10X 1.5

DNTPs 0.3

Taq. Polymerase 0.09

Water 12.01

Final volume 15ul

Table 4. Reverse transcriptase polymerase chain (RT-PCR) reaction conditions

Temperature (°C) Time duration (minutes)
94 5
94 0.5
65 40 cycles 0.5
72 2
72 5
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Table 5. Primers used for reverse transcriptase Polymerase chain reaction (RT-PCR)

Gene Name of primer Sequence 5" to 3”
MyoD NY1801 Foreword TTTCTACGACGACCCTTGCTTC
NY1802 Reverse TGCCATCAGAGCAGTTGGATC
Myogenin NY1803 Foreword CCAGCGTTTTTACGAAGGCG
NY1804 Reverse ACGTCAGAGACCTCAGGTTGG
HSP-70kDa NY1814 Foreword ATGGTCCTGGTGAAGATGAAG
NY1815 Reverse GATGTCCTTCTTGTGCTTCCTC
B-actin KU714644.1 Foreword GCTGTGCTGTCCCTGTATGC
Reverse GGCGTAACCCTCGTAGATGG
(PCR Product=99bp)
Reverse TTTCATTGTGCTGGGGGC

(PCR Product=567bp)

Agarose gel electrophoresis

To visualize and confirm the quality of cDNA and efficiency of the designed primers, the RT-

PCR product was run on the agarose gel. Briefly, 1% agarose gel was prepared by taking 0.5g of

agarose powder in a beaker, and then 1ml of 50X Tris-acetate-EDTA buffer (TAE buffer) and 49 ml

of water was added to it. The ingredients were mixed and boiled in a microwave for 1-3 minutes and

then placed at room temperature for 10 minutes for cooling. Subsequently, 10ul red DNA gel Stains
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(Thermo Fisher Scientific) was added. Afterward, the gel was poured into a gel tray which already
had a well-placed comb. After approximately 30 minutes, the comb was removed carefully, and the
cooling gel was placed in a gel electrophoresis tank having 1X TAE buffer. It was made sure that the

gel was completely dipped in the buffer solution.

At the end of RT-PCR, 7ul of Gel Loading Dye, Orange (Thermo Fisher Scientific) was
added to the final PCR products. Then, 5ul of the mixture was loaded carefully into the gel along
with 5ul of the 1kb ladder as reference. The gel was run for 15-30 minutes and then visualized under

U.V light (Fig. 2).
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Figure 2. Gel picture of MyoD, Myogenin, B-actin 99 and, pB-actin 567 cDNA (PCR) final

products after agarose gel electrophoresis

Gene cloning and nucleotide sequencing

For gene expression analysis, a 100% nucleotide sequence must be known to design accurate
primers. Since the whole genome of mahseer is not sequenced yet, so to study growth and stress
response genes expression in advanced fry of T. putitora reared on graded level of dietary cobalt

chloride, these genes were first cloned in E.coli and then sequenced.
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Figure 3. Steps followed for the molecular cloning of growth and stress response genes in muscle

and liver.
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Reverse transcriptase-polymerase chain RT-PCR reaction conditions

PCR was performed having a final volume of 150ul for each MyoD, Myogenin (MyoG), and
HSP-70kDa. (RT-PCR reaction conditions and reaction mixture composition is shown in table 6 and
7 respectively) At the end of the PCR reaction, Sul PCR product (from a sample) and 1pul of reaction
buffer were added to perform gel electrophoresis (protocol as mentioned earlier). After that, the gel

was visualized under UV light (Fig. 4)

Table 6. Reverse transcriptase polymerase chain (RT-PCR) reaction conditions (cloning)

Temperature °C Time (minutes)
94 2

94 0.5

68 40 cycles 0.5

72 1.15

72 5
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Table 7. Reverse transcriptase-polymerase chain (RT-PCR) reaction mixture composition (for

cloning)

Ingredients Quantity (ul)
c¢DNA (RT) 5

Oligo (10mM) forward 3

Oligo (10mM) reverse 3

Buffer 10X 15

dNTPs 3

Taq. Polymerase 0.9

Water 120

Final volume 150(ul)
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Figure 4. Gel picture of final products after agarose gel electrophoresis (for cloning of MyoD,

MyoG, and HSP-70KDa genes: Red arrow showing impure band)
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Purification of PCR products

PCR products (¢cDNA) were purified using a High pure PCR purification Kit (Roche; version 9,

Ref. # 12-033-674-001) by using the following protocol:

Briefly, 50ul of PCR product and 50ul of Milli-Q water (MQ) water were mixed in an eppendorf

tube, and 250ul of binding buffer was added. Afterward, the above solution was added to a high pure
filter tube and centrifuged for 1 minute at 13000rpm (SCILOGEX LLC). To collect the DNA, the
liquid was passed through the filter. Subsequently, 250ul1 binding buffer was added to the filter tube
having cDNA and centrifuged at 13000rpm (SCILOGEX LLC) for 1 minute. The flow-through was
discarded. After that, 100 pl of wash solution was added to filter for second wash and centrifuged at
13000 rpm (SCILOGEX LLC) for 1 minute and flow-through was again discarded. In the final step,
30ul of elusion buffer was added to the filter and centrifuge for 1 min at 13000 rpm (SCILOGEX
LLC) to get highly purified DNA. The purified DNA products were quantified using NanoDrop.
Furthermore, due to the appearance of impurity in the HSP-70kDa gel picture (presence of the
unexpected lighter band, along with one band of the expected size), we had cut the expected band

from the gel and purified it by adopting the following protocol.

Briefly, at first, DNA from the gel was released by placing the band in a micro-centrifuge tube
having 300ul of binding buffer and vortexed for 15-30 seconds and then incubated at 56°C for 10
minutes. Afterward, for purification, the released cDNA was transferred to the high pure filter tube
and centrifuged at 8000rpm (SCILOGEX LLC) for 1 minute. After discarding the flow-through, 400
ul of wash buffer was added and again centrifuged at 8000 rpm (SCILOGEX LLC) for 1 minute. For
the second wash, the 300u1 wash solution was added and centrifuged at 8000 rpm (SCILOGEX LLC)
for 1 minute and flow-through was again discarded. In the final step, 20 ul of elution buffer was used

to get highly purified DNA. Purified DNA products were quantified using NanoDrop (Table 8).
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Table 8. Concentration (ng/ul) of DNA after purification of PCR products

Gene Concentration (ng/ul) 260/280 260/230
MyoD 36.4 1.58 0.77
41.9 1.50 0.79
19.1 1.78 0.85
Myogenin 133.8 1.51 0.79
144.5 1.59 0.36
494 1.80 1.24
HSP-70KDa 8.3 1.90 0.06
5.5 4.51 0.06
22.6 1.25 0.04

After DNA purification, gel electrophoresis was done to get purified bands of expected size by

using Sul of sample and 1pl of sample buffer (gel electrophoresis protocol mentioned above).

46



MATERIAL AND METHODS

MyoD MyoG HSP-70kDa

Figure 5. Gel picture of cDNA after purification of PCR products

DNA Ligation

Purified DNA was ligated with the plasmid pGemt Easy vector (3015bp). Ligation was
performed having a final reaction volume of 10l i.e., Sul of 2X buffer, 1ul of ligase enzyme, while
remaining 4ul contained DNA and plasmid vector having 3:1 ratio respectively. The ligation mixture

was placed at room temperature for 15 minutes and then placed in the refrigerator overnight.
Transformation of DNA ligated vector in bacterial cells.

After overnight incubation of ligated cDNA, it was introduced into the bacteria.
Preparation of Petri plates for bacteria culturing

At first, LB agar media was prepared by dissolving 10g of NaCl, 10g of Tryptone, 5g of Yeast
extract, and 20g of Agar in 1L of de-ionized water. Afterward, 3g of ampicillin was dissolved in 30
ml of water and filtered by using Whatman filter paper to sterilize it. Subsequently, the ampicillin
stock solution was stored in a refrigerator. After that, ampicillin from stock solution was added to

previously prepared LB agar media at the concentration level of 100pg/ml. Then, 20ml of LB agar
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media + ampicillin mixture was poured into the petri dish and waited till it solidified. Later plates

were incubated at 37°C overnight.

Subsequently, an aliquot of “competent DH5a E.coli cell (stored at -80 °C) was taken and its
temperature was slowly reduced on ice (de-freeze) for 10 minutes. After that, Sul of ligated DNA was
mixed with 75ul of bacterial cells in a 1.5ml Eppendorf tube, mixed well, and incubated for 15
minutes on ice. Afterward, for thermal shock, it was incubated at 42°C in a water bath for 1.5 minutes
(this thermal shock had made a thick bacterial cell wall porous which allowed ligated DNA to enter
inside the bacteria). After the thermal shock, the Eppendorf was immediately placed on ice for 2-3
minutes and its temperature was reduced from 42 °C to 37 °C (optimal temperature for bacterial cell
growth). After that, 400ul LB was added to the tube and incubated at 37 °C for 50 minutes in a water
bath. In the final step, after the incubation period, Eppendorf was fast spin. The supernatant was

discarded while the bottom layer having plasmid containing bacteria was selected.

Afterward, the suspended bacterial cells were tapped with a micropipette and spread on a Petri
dish containing LB media + Ampicillin. Plates were placed at room temperature for 15 minutes and
then incubated at 37°C overnight. The next day, bacterial colonies were selected randomly and
marked to perform bacterial colony PCR. To pick the bacterial colonies from a plate, a micropipette
was set at 10ul and touched the tip of the micropipette to the colony. Then this tip was taken inside
the PCR tubes having PCR master mix (Table 9) and moved up and down to mix it with the master

mix.
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Figure 6. Petri dish having E.coli-pGemt-DNA

Bacteria colony PCR.

Bacteria colony PCR was performed from selected colonies (Fig.6) by adopting the same
protocol as mentioned above (bacteria colony PCR and reaction conditions is shown in table 9 and

10 respectively).
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Table 9. PCR reaction mix for bacteria colony amplification

Ingredient Quantity (ul)
Bacteria 0.1

Oligo T7 0.3

Oligo SP6 0.3

Buffer 10X 1.5

d NTPs 0.3

Taq. Polymerase 0.09

Water 12.41

Final volume 15(ul)

Table 10. PCR program for bacteria colony PCR

Temperature (°C)

94

94

55 35 cycles

72

72

Time (minutes)

0.5

1.15
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Gel-electrophoresis after bacterial colony PCR

At the end of bacterial colony PCR, gel electrophoresis was done using bacterial colony PCR

product (protocol mentioned above for electrophoresis).
After bacterial colony PCR, positive clones were selected from each plate

e E.coli-pGemt-MyoD

103,104,203, 204, 310, 311 (Fig. 7)
e E.coli-pGemt-MyoG
403, 404, 502, 506, 607, 608 (Fig. 8)
e E.coli-pGemt-HSP-70kDa

701, 703, 704, 709, 711, 714, 803, 804, 805, 813, 905, 908, 912, 913 (Fig. 9)
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Figure 7. Gel picture of the final product of bacterial colony PCR (E.coli pGemt-myoD)

Figure 8. Gel picture of the final product of bacterial colony PCR (E.coli pGemt-MyoG)
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Figure 9. Gel picture of the final product of bacterial colony PCR (E.coli pGemt-HSP-70kDa)
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Growing bacteria in liquid LB media (Mini preps)

Isolation of pure plasmid DNA

The next day, Pure plasmid DNA was isolated from bacteria cultures using Gene elute plasmid

miniprep kit (CAT# PLN350, Sigma) using the following protocol.

Cultured cells were taken in a 1.5ml Eppendorf tube and centrifuged at 13000 rpm
(SCILOGEX LLC) for 1 minute to get a small pellet. After centrifugation, the liquid was removed
with a suction volume pump, and 200ul of suspension buffer was added and mixed by simple
pipetting, then 200ul of lysis buffer was added to the tube and mixed by hand. After 5 minutes, 350ul
of neutralization solution was added to the tube, mixed with hands, and then centrifuged at 13000
rpm (SCILOGEX LLC) for 10 minutes (side by side, the binding column was prepared by adding
500pl of column preparation solution to the column and centrifuged at 13000 rpm (SCILOGEX LLC)
for 1minute). After centrifugation, the whole lysate was loaded into the binding column and
centrifuged at 13000rpm (SCILOGEX LLC) for 1 minute. After centrifugation, flow-through was
discarded, and 500ul of wash solution was added to the column and centrifuged. The flow-through
was again discarded and the column was dried by spinning it for 1 minute. Afterward, the column
was placed in a new collecting tube, and pure plasmid DNA was isolated with 30pul elution solution

and quantified by using Nanodrop (Table 11).
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Table 11. Quantification of pure plasmid DNA

Colony Concentration 0.D 0.D
Number ng/pl 260/280 260/230
103 425.5 1.87 2.31
104 231.1 1.88 2.30
203 288.2 1.89 245
204 268.2 1.89 2.36
310 528.6 1.88 2.30
311 168.6 1.87 3.68
403 241.3 1.86 2.41
404 161.7 1.88 2.52
502 271.3 1.86 2.3
506 409.3 1.84 2.32
607 257.3 1.88 2.28
608 213.6 1.89 2.72
701 402.8 1.94 2.32
703 363.6 1.95 2.32
704 230.9 1.95 2.57
709 434.1 1.92 2.41
711 318.6 1.96 2.39
714 245.7 1.95 2.34
803 281.3 1.95 2.42
804 501.6 1.93 2.41
805 390.5 1.94 242
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813

905

908

912

913

421.7

445.0

439.5

436.9

375.9

1.92 243
1.91 2.16
1.92 2.33
1.94 2.28
1.92 232

Cutting of plasmid with restriction enzymes

In this step, the plasmid was cut with the help of a restriction enzyme i.e., EcoR1 (CAT No.

ER0271, Thermo Scientific"™ to release ligated DNA. All the ingredients mentioned in table 12 were

mixed and incubated at 37°C for 90 minutes and stored at -20°C. Later on, the gel was run to look for

the bands (Fig. 10).

Table 12. The reaction mixture for plasmid cutting with restriction enzymes

Ingredients Quantity pl
Plasmid 1

EcoR1 Buffer 1

EcoR1 enzyme 0.3

Water 7.7

Total 10ul
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Figure 10. Gel picture after cutting plasmid with restriction enzyme
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Nucleotide sequencing of selected colonies

In the final step, DNA was sent for gene sequencing. For this purpose, samples were dried
with forward and reverse oligos separately. Briefly, DNA samples were added in each tube (2tubes
for each sample, one for forward primer while the other for reverse primer) and dried on the the
thermostat at 85°C for 15 minutes. The tubes were sent for gene sequencing to Serveis

Cientificotecnis, Unitat de Genomica, University of Barcelona, Spain.
As per calculation,
Quantity of plasmid-DNA which was added into each tube=100ng/1kb of DNA
Size of pGemt= 3015bp
Size of PCR product (MyoD) = 464bps
(MyoG) = 665bps
(HSP-70kDa)= 396bps

Total length of plasmid DNA fragment = 3479bp (MyoD); 3680bps (MyoG); 3411bps (HSP-70kDa)
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Table 13. Samples used for gene sequencing

Gene Sample Primer  Sample code for sequencing
MyoD 103 F NYF-1
R NYRI1
MyoD 203 F NYF-2
R NYR-2
MyoD 310 F NYF-3
R NYR-3
Myogenin 403 F NYF-4
R NYR-4
Myogenin 502 F NYF-5
R NYR-5
Myogenin 603 F NYF-6
R NYR-6
HSP-70kDa 703 F NYF-7
R NYR-7
HSP-70kDa 813 F NYF-8
R NYR-8
HSP-70kDa 908 F NYF-9
R NYR-9
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MyoD gene sequncing

Obtained sequences were analyzed through bioedit 7.0.5.3 software.
>NYF1

TTTCTACGACGACCCTTGCTTCAACACAAACGATATGCACTTCTTTGAAGACCTGGA
CCCCAGGCTCGTCCACGTGAGTCTGCTCAAGCCCGACGAGCATCACCACATCGAGGAC
GAGCACGTAAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCAT
GCAAAGCCTGCAAGAGAAAAACTACCAACGCTGACCGCCGCAAAGCCGCCACCATGA
GGGAGAGGAGAAGACTGAGCAAGGTCAACGATGCTTTCGAGACCCTCAAGAGATGCA
CGTCCACCAACCCCAACCAGAGGCTGCCCAAAGTGGAGATTCTGAGAAACGCCATTAG
TTACATTGAGTCTCTG
CAGGCGCTGCTCAGGAGTCAAGAGGAAAACTACTACCCTGTTCTGGAACATTACAGTG
GAGACTCCGATGCCTCCAGCCCGAGATCCAACTGCTCTGATGGCA

>NYF3

TTTCTACGACGACCCTTGCTTCAACACAAACGATATGCACTTCTTTGAAGACCTGGA
CCCCAGGCTCGTCCACGTGAGCCTGCTCAAGCCCGACGAGCATCACCTCGAGGACGAG
CACGTGAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCATGCA
AAGCCTGCAAGAGAAAAACCACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGG
AGAGGAGAAGACTGAGCAAAGTCAACGACGCTTTCGAGACCCTCAAGAGATGCACGT
CCACCAACCCCAACCAGAGGCTGCCCAAAGCGGAGATTCTGAGAAACGCCATTAGTTA
CATTGAGTCTCTGCAAGCGCTGCTTAGGAGTCAAGAGGAAAACTACTACCCCGTTCTG
GAACATTACAGTGGAGACGCCGATGCCTCCAGCCCGAGATCCAACTGCTCTGATGGC
A

>NYR1

TTTCTACGACGACCCTTGCTTCAACACAAACGATATGCACTTCTTTGAAGACCTGGA
CCCCAGGCTCGTCCACGTGAGTCTGCTCAAGCCCGACGAGCATCACCACATCGAGGAC
GAGCACGTAAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCAT
GCAAAGCCTGCAAGAGAAAAACTACCAACGCTGACCGCCGCAAAGCCGCCACCATGA
GGGAGAGGAGAAGACTGAGCAAGGTCAACGATGCTTTCGAGACCCTCAAGAGATGCA
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CGTCCACCAACCCCAACCAGAGGCTGCCCAAAGTGGAGATTCTGAGAAACGCCATTAG
TTACATTGAGTCTCTGCAGGCGCTGCTCAGGAGTCAAGAGGAAAACTACTACCCTGTTC
TGGAACATTACAGTGGAGACTCCGATGCCTCCAGCCCGAGATCCAACTGCTCTGATG
GCA

>NYR2

TTTCTACGACGACCCTTGCTTCAACACCAATGACATGCACTTCTTTGAAGACCTGGA
CCCCAGGCTCGTCCACGTGAGTCTGCTCAAGCCCGACGAGCATCACCACATCGAGGAC
GAGCACGTAAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCAT
GCAAAGCCTGCAAGAGAAAAACTACCAACGCTGACCGCCGCAAAGCCGCCACCATGA
GGGAGAGGAGACGACTGAGCAAAGTCAACGACGCTTTCGAGACCCTCAAGAGATGCA
CGTCCACCAACCCGAACCAGAGGCTGCCCAAAGTGGAGATTCTGAGAAACGCCATTAG
TTACATCGAGTCTCTGCAGGCGCTACTTAGGAGTCAAGAGGAAAACTACTACCCTGTTC
TGGAGCATTACAGCGGAGACTCTGATGCCTCCAGCCCGAGATCCAACTGCTCTGATG
GCA

>NYR3

TTTCTACGACGACCCTTGCTTCAACACAAACGATATGCACTTCTTTGAAGACCTGGA
CCCCAGGCTCGTCCACGTGAGCCTGCTCAAGCCCGACGAGCATCACCTCGAGGACGAG
CACGTGAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCATGCA
AAGCCTGCAAGAGAAAAACCACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGG
AGAGGAGAAGACTGAGCAAAGTCAACGACGCTTTCGAGACCCTCAAGAGATGCACGT
CCACCAACCCCAACCAGAGGCTGCCCAAAGCGGAGATTCTGAGAAACGCCATTAGTTA
CATTGAGTCTCTGCAAGCGCTGCTTAGGAGTCAAGAGGAAAACTACTACCCCGTTCTG
GAACATTACAGTGGAGACGCCGATGCCTCCAGCCCGAGATCCAACTGCTCTGATGGC
A
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HYF3 TTTTCTACGACGACCCT TECT TCAACACARACEATATGCACT TCTT TEAAGACCTEEACT a0
HYR3 ITTTCrAaCECEACCCT TECT TCAACA CAAACEATATGCACT TCTT TEARA GACCTGEACT &0
HYR2 ITTTCTraCECEACCCT TECT TCALCA CCAR TEACATECACT TCTT TRAR GACCTREACT &0
HYF1 -ITTCTAC A CEACCCT TGCT TCAA CA CARACEATATGCACT TCTT TRARA GACCTGEACT a8
HYR1 IITTI A CEACCCT TECT TCAA CA CA A ACEATATGCACT TCTT TGAR GACCTGEACT &0
o R BB RO R BB ROR BB RN R R OB BB R ROR BB R RO OR R ROR R R RO R RO R R R R
HYF3 CCAGGCTCRT CCACGTRAGCCTECT CAAGCCCEACEAGCATCAC —— —-CTCEAGFACTAGT 117
HYR3 CCAGRCTCGT COACGTRAGCCTGET CRAGCCCGACEAGIA TCAC —— CTCRAGEACEAGD 117
HYR2 CCAGGCTCGT CCACGTEAGTCTGCT CAAGCCOGACEAGCA TCACCACATC A GEACEAGE 120
HYF1 CCAGGCTCGT CCACGTEAGTCTGCT CAAGCCCGACEAGCA TCACCACATC A GEACEAGT 115
HYR1 CCAGGCTCGT CCACGTGAGTCTGCT CAAGCCCGACEAGCA TCACCACATC A GEACEAGT 120
L T L T L e T T T T B R RO
HYF3 ACGTGAGEECEICCAGEGEEEAT CATCAGGECGECAGETGCCTGCT GI GEGECATFCA AL 177
HYR3 ACGTGAGEGCEECCAGEGEEEAT CATCAGGECEEFCAGETGCCTGCT GI GEGECATFCA AL G 177
HYR2 ACGT AR GEGEGECCAGCGEEEAT CATCARGCCGECAGETGCCTGET GT GEGEATGCA AL 5 120
HYF1 ACGT AR GGGEGECCAGCGEEEAT CATCAGGCCGECAGETGCCTGET GT GEGEATGCEA AL 5 178
HYR1 ACGTARGEGEGECCAGCGEEEAT CATCARGCOGECAGETGCCTGET GT GEGEATGCA AL 5 1280
L T L L T T L T e T T
HYF3 CCTGECAARAGRAL AR CCACCA ACGETEACCEFCCGEA AL GCCECCACCA TEAGGEARA GEA 237
HYR3 CCTGECAARAGRAL AR CCACCA ACGETEACCEFCCGEA AL GCCECCACCA TEAGGEAGA GEA 237
HYRZ CCTGECAARAGRAL AR CTACCAACGETEACCEFCCGEA AL GCCECCACCA TEAGGEARA GEA 240
HYF1 CCTGCAAGAGARARACTACCAACGETGACCEOCGCARA GCCHCCACCATEAGHEARA A 239
HYR1 CCTGCAAGAGAN ARACTACCA ACGETGACCECCECARL GECHCCACCATEAR AN 30 240
L T L T T L T e T T
HYF3 EARACTEAGCAAAGTCARCGACGCTT TCEAGACCCTCAAGAGATECACGETCCACCAACT 297
HYR3 EARACTEAGCAAAGTCARCGACGCTT TCEAGACCCTCAAGAGATECACETCCACCAACT 297
HYRZ FCEACTRAGCAAAGTCAR CGACGCTT TCEAGACCCTCAAGAGATECACETCCACCAACT 300
HYF1 R AGACTEAGCR AGETCAR CEATGETT TCEAGACCCTCAA GA GA TRCACETCCACCAACT 285
HYR1 FAGACTGAGCR AGETCAR CEATGETT TCEAGACCCTCAA GA A TECACGTCCACCAACT 300
BE ORERERERREE RERARREE RERRRRREAR AR RE AR R AR AR AR R RR R RRR RN
HYF3 CCAACCARAGGCT GCCCARAGCEEAGATT CT GAGAAACGCCATT AGTTACAT TGAGTCTC 357
HYR3 CCAACCARAGGCT GCCCARAGCEEAGATT CT GAGAAACGCCATTAGTT ACAT TGAGTCTC 357
HYRZ CEAACCAGAGGCT GCCCARAGTEEAGATT CT GAGAAACGCCATTAGTT ACATCRAGT CTC 260
HYF1 CCAACCARAGGCT GCCCARAGTEEAGATT CT GAGAAACGCCATT AGTTACAT TGAGTCTC 358
HYR1 CCARCCARAGGET GCCCAR AR TGEAGA TT CT RAGAARCGCCATT ARTT ACAT TRAGT CTC 360
BORRERERARREREARERARRE ARARA AR R AR AR R R AR AR AR AR RN RRRRRRR
HYF3 IGECAAGCECT GCTTAGEAGTCAAGAGEAR AR CT ACT ACCOCGTT CT GEAACATTACAGT G 417
HYR3 TECAARCGCT GETTAGEAGTCAAGAGEAR AL CT ACT ACCCCETT CT GEAACATTACAGT 5 417
HYRZ TECAGECECTACTTAGEAGTCAAGAGEARALCT ACT ACCCTETT CT GEAGCATTACAGCG 420
HYF1 TECAGECECT GETCAGEAGTCAAGAGEARA AL CT ACT ACCCTETT CT GEAACATTACAGT 5 413
HYR1 TECAGECECT GETCAGEAGTCAAGAGEARA AL CT ACT ACCCTETT CT GEAACATTACAGT 5 420
BEEE R EE ORE REEERREERERE R R R ERREE AR RS ORREERRE R ORRRERREE R
HYF3 EEACGOCEATGECT CCAGCCCEAGAT CCARCTGCTCTGATGGEA 462
HYR3 FEACGOCEATGECT CCAGCCCEAGAT CCAACT GCTCT GATGEEA 462
HYRZ FEACTCTEATGCCT CCAGCCCEAGAT CCAACT GECTCT GATGEEA 465
HYF1 FEACTCCEATGECT CCAGCCCEAGAT CCAACT GCTCT GATGEEA 464
HYR1 FEACTCCEATGECT CCAGCCCEAGAT CCAACT GCTCT GATGEEA 465

EEEERE B REAEREARERRARARRRAARRRA AR AR AR RRR AR AR AR R R

Figure 11. Sequence alignments for MyoD (Clustal Omega Multiple Sequence Alignment tool)

62



MATERIAL AND METHODS

Selected MyoD gene sequence for Tor putitora

AACACAAACGATATGCACTTCTTTGAAGACCTGGACCCCAGGCTCGTCCACGTGAGTC
TGCTCAAGCCCGACGAGCATCACCACATCGAGGACGAGCACGTAAGGGCGCCCAGCG
GGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCATGCAAAGCCTGCAAGAGAAAAA
CTACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGGAGAGGAGAAGACTGAGCA
AAGTCAACGACGCTTTCGAGACCCTCAAGAGATGCACGTCCACCAACCCCAACCAGAG
GCTGCCCAAAGTGGAGATTCTGAGAAACGCCATTAGTTACATTGAGTCTCTGCAGGCG
CTGCTTAGGAGTCAAGAGGAAAACTACTACCCTGTTCTGGAACATTACAGTGGAGACT

CCGATGCCTCCAGCCCGA
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Glive flounder
Salmo salar
Rainbow trout
Labeo rochita
Daino rerio
Cyprimis carpio
Tor putitora
Frasa carp

Glive flounder
Salmn salar
Raipbow brout
Labea rohita
Daino rerio
Cyprimis carpio
Tor putitora
Srasa carp

Glive flounder
Salmn salar
Rairphow btrout
Labeo rchita
Daino rerio
Cyprimis carpio
Tor putitora
Frass carp

Olive flounder
Salmn salar
Rairhow trout
Labeo rohita
Daino rerio
Cyprimia carpio
Tor putitora
Grass carp

Olive flounder
Salmn salar
Rairhow trout
Labeo rohita
Daino rerio
Cyprimia carpio
Tor putitora
Grass carp

Olive flounder
Salmn salar
Rairphow trout
Labeo rohita
Daino rerio
Cyprimia carpio
Tor putitora
Grasa carp

Glive flounder
Salms salar
Rairhow trout
Labeo rohita
Daipo rerio
Cyprimis carpio
Tor putitora
Srass carp

Olive flounder
Salmn salar
Rairpbow trout
Labea rohita
Daino rerio
Cyprimis carpio
Tor putitora
Grasa carp

Olive flounder
Salmn salar
Rairpbow trout
Labeo rohita
Daino rerio
Cyprimis carpio
Tor putitora
Grasa carp

Olive flounder
Salmo salar
Bainbow trout
Labeo rchita
Daino rerio
Cyprirma carpio
Tor putitora
Grasa carp

MATERIAL AND METHODS

COATCCCCECEEAT CATEA TT TT TACEATEAC COCT SC T TC O CCCC A CEACATECACT
CIATCACCTCCECT GAT A CT TT TATEACEACCCTT GO T TCARCR CORECEACATECATT
CIATAACCTCTCCACATERCT T TACEACEACCCTT GO T TC AR CA CCACCEACATECATT

COATCCCATCASCT GATEACT TCTACEACEACCCTTEC T TCARMCA CCAR CEACATECACT
COATCCCATCASCT GATEATT TCTACEACEAC OO TT SC T TC AR CCRA TEA CR TS CACT
TTTCTACER CEACCCTTECT TCARCACAR RCEATATECACT

COATCT AT CAGCTEAT R AT T CT ACCR CEACCCT TECT TCAR TR CCR AC A CR TRCACT

T oG A T S ERACT OO EC TR T CATE TEEE C T SC TEAR GO CEEACEACT OCT

T o AC TR A CC OGS TO A ACEACCA GO AC T COR TECC COCAGCECECACTACT
———-ACEACCATCATCAT AACEA M ACCAGCAC AT CACCECCCCARCOSCECACTACT
———ACGACCACCATCACA A RS ASER CE A C A AT OO GEECACCEACT CEECATCACT

——— ACGACCATCACCACATOSASEA CE A C AT CT CAGEECECCCACT GEECAT CATC

———ACGAGCATCACCRCA TCEAGEA CEAECACET ER GEECACCCA T GEECATCATC

A e e e T C TR T TEEECCT CoAA S CC TS CAR CT CEAR CACCACCAACECES
ARG OCEETACETECCTOC T TEEECATECAR M CC TS CAR CAGEAR AR CCACCARCACTES
AEGCTEECACE TECC TCCT G GEECC TECA AR S OO TECARCACCR ACA CCACCRA AT ECTS
A GO CEGCACE TECCTACT G GECCATECA AR S CT TECARCACAR B AR CTACCA ATECTS
A EE A G TEC T R TG TE AT CORA R COTECAR GRGR AR A CORCCARCECT
A GO RGeS TECC TECT CT GECCA TG (A AR S OO TECARCACAR B AR CTACCA ACECTS
AEGCCEEC A GG TECCTECT G GEECATE (A AR OO TECARCACAR B RA CA AMCCA ACECTS

A CCEECEE MeCC G ECCACEAT COCEEAM S CECCEECE ECT CACCARCET CARMCER CECCT
ACCEEAGER M CC T EC TACC AT COCECASAS A CEAS CCT SEEEARCETCARMCCACECCT
ATCECAGER AR CCCECT ACCATECCECR AR G ACC OCAC TCACCA ACCTEARCEACEOCT

—_— TTCCETCTTCT CT CEACT GAGCAR B TCARCEATECTT
ACCETCECA AL CCCECCACCATERCEEA G CEACE CEAC TEACCARCGETCAR CEACECTT
ACCECCGCA AL CCCECCACCATCACECA CA CEAMA AMCACTCACCA A METCARCEACGCET
ACCECOECA AR CCCECCACCAT CACECASASEA A AC ACT CAGCAR M TCARCEACECTT
Emm@:mmr@m@m@mmmmﬁm

Wk ok R ok kb kR

TTEAGACCT TG AL CCCCTECACTT a0 CA AC COC AR CC A CECC TECCCARGETE EAEA

TOSAGACCCT CA RS AR TECACETC CAC TR MO TSR B

T Bokmk ok ok ki R e ke Rk Rk ke b Rk Rk bkkkk

TCCTECECR ACECCATCRAEC TR CA TOEAETC O TECR A ECECTECT FoECEECEE——CC
TCCTEA=AL AT GCCATCAGC TR A TCEAE TC TC TR RS T TC TECT CAGEEECCA— =65
TOCTECEER AT RO TCAECT ACA TT R CT CT CTC LA A GO CT G T TCET CEEECOEERT

TTCTEARAS ACECCAT TACT TACATT EASTCTCTCCA AECECTECT AR R A E———-TC
TTCTEACAL MCCCCATTAGT TATATCEAMETC TC T CASEC TC TT CT CA SR B E———-TC
TTICTEARAS AT ECCATARET TACA TCEACTC TC T CAGECEC TECT CAGASE——-TC
TTCTEAGARMCECCATTASTTACATT EAGT CT CTECAGG CECT GO T TAGEAS — — ——TC
TTCTEAGAAMCECCATTASTTACATCEAGT CT CTECAGG CECTACT TAGEAS — — ——TC
W Rk b G seded b we e b e e [P

AGEACEACEEFITCTAC- ——————————————— ———— CCEETEC
RACEECEARARCTACTAC —————— CCTTCEC
RACEAGGECAMCTATTAC —_ CEETEA
PAGAEEARAACTACTAC —————— CCTETTC
PAACAZEATAACTACTAT-————————— CCOETTA
PAEASEARARCTACTAC —————— CCOETTC
BAGAGGARAAMCTACTAC —_ CIETIC
BAGAGGARRMCTACTAC —_ CIETIC

TECAECACT ACAECEEEEACTC ARA CECCTCCRAECCOCOECT CAR CT GCT CCERCEECH
TEEACCACT AC AR CEEEEAC TC TEACECA TCCAGCCCACEET CCARCT GO TCTEATE AN
TEEAT CACT AT AECEEEEAC TCEEAT CCETCCACT COCCECT CCARCT GO T CRCRCEERD
TECARCATT AT A CEEATAC TC S AT EOC TCCAGT COGAEAT CCAR CT GO TCTEATEECH
TEEAMCAT TACAC TR A CTCTGAT S TT CCAGT CoEA A TOCA ACT GO TCTEAT GECA
TECAACATT ACAC T EEASAC TC S AT ECOC TCCAGT COGAEAT CCAR CT GO TCTEATEECH
TEEAMCAT TACAC TG R CTCOSAT CCCT CoAGC O EACA TCCA AT

TEEACCAT TACACCE AR CTCTEAT SO CT CoAGCOCEA A TOCA ACT GO TCTEAT G50
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Figure 12. Miltiple species nucleotide alignment for MyoD gene
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MATERIAL AND METHODS

Figure 13. Phylogenetic tree (nucleotide alignments) for MyoD

MyoD Protein alignment

T. putitora protein sequence was translated from nucleotide sequence through the ExPASy

bioinformatics Resource portal.

NTNDMHFFEDLDPRLVHVSLLKPDEHHHIEDEHVRAPSGHHQAGRCLLWACKACKRKTTNADRRKAATMRERRRLSKVN

DAFETLKRCTSTNPNQRLPKVEILRNAISYIESLQALLRSQEENYYPVLEHYSGDSDASSP
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Paralichthys
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0. mykiss
Cyprinus carpioc
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Tor putitora

C idella

Mus=
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Mus
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C idella

MATERIAL AND METHODS

MELLZPPLRDIDLTEFDEE LCE FETADDEY DD PFCFDEFDLAFFEDLDPRLVEVEALLEEE
MELLIPPLADVDLTAPFDEILCEFATTDDE YD ECF DS FDLEF FEDLDPRLMEVEALLEEFE

MELE——— - ——IMZFP IPATDDE YD PCF PP EDMHEF FEDLDERLVEVELL-KED
MEL®-——-——----—-—-—-DIZFPITZADDE YD PCFNT SDMEF FEDMDPRL
MELP---------—---——DIPFPITZEFDDE YLD ECFNT SDMHEF FEDLDEBL
MEL®-—-—--—-—————DIPFPIPZADDEYDD PCFNTHDMHEF FEDLDEPRLS
MEL®-—--—--—--——-—-DIPFPIPZADDE YD PCFNTKDMEF FEDLDPRL
—mmmmmmmm e e~ —— —— - HTHDMHF FED LD B BLY
MEL®—-——-—-———-——DIPFPIZZADEF YLD ECFNTHDMHF FEDLDPRLVEVELL-KED
AechAhh ok hAchh | A AA:
EHAHFETA-—-——-—-—VHPEPEAREDEHVEAPECHHQACRCLLWACKACERETT
EHSHFPAR-—-———-——-——VHPAPGAREDEHVEAPZCHHQAGCRCLLWACKACERETT
DL PE S P S LLH LHHHAEVEIDEHVEA PG HHQAGRCLLWACKACKAHETT
og§-—--—-—-—-——-————-HREDEHIPRAPECHHQACRCLLWACKACFRETT
ogg-—-—-—-—-——-—————-HEEDEHIFAPZCHHQAGCRCLLWACKACFRETT

mmmmmmmmm i mmmmm e e - ~HLEDERVEAPIGHE QRAERCLLWACEACFRETT
e e e e e “H IEDERVBAPSCHE QRERCLLWACHACFRETT
——mmmmm e e e - HIEDEEVEA RS CHHQACACLLWACHACERETT

I.H'.------ ——=——=————————————-HIEDERVBAPICHH QARG RCLLWACKACFRETT
TAAA AR AAAAA A AR AR R AR AR A AR A AAS

HADRPRAATMRERBRLERVHEAFETLERCTIZHENQRLENVE ILRHAIRY IEGLQALLED
HADREFAATMRERBRLINVHNEAFETLERCTIZNPNQRLERVE ILEKAIRY IEGLQALLED
HADRRRAATMRERBRLERVEDAFETLERCTEANPNCRLEPEVE ILRKAT EY IESLOALLBE
HTDRPRAATMRERBRLGEVHDA FENLERC TSN HENQRLEEVE ILRHAI SY IESLQELLEG
HADRERAATMRERBRLIRVNDAFETLERCTITHENQRLERVD ILE KA SY IESLQELLBE
HADRRRAATMRERBRLERVEDAFETLERC TSN NENCRLEPEVE ILRKAI SY IEZLOALLBE
HADRRRAATMAERBRLERVEDAFETLERCTSTHENQRLEPEVE ILRKAI SY IESLQALLRSE
HADRERAATMRERBRLINVNDAFETLERCTITHENQRLERVE ILRKAISY IESLQALLES
HADRRFAATMOERBRLERVEDAFETLERCTESTHENCRLEPEVE ILRKATZY JEZLOALLEE

A AR AAAAAAAAAR A Ak oA AA AdAAAL ARAAAALAALAAAAAL AAA AA AAA

GDAAPPEAAAFYAPEPLPPERE SEHY2ED 2[R 22 PEERCEDEMMDYEC PP 2E PRROHEYD
GDAAPPEAAAFY APCPLPPCRCEEHYSED2IR S22 PRENCEDEMMDYEC PP 2 ABRBHCYE

E-QDD- -G Y -—---—--FVLEHFSE0S0A 23 P RS RO S DEMT DENE FT O STRRGSYE
QD-GE--—N¥¥-----—-PELEHYNEDS0A 8 PRERC S DEMME THA —— —— - —— —— - —
AEQEG--—NY¥¥-—---— - EVMDEYSEDE0A 23 PRERC S DEMMD FHE QS CE PRRENEYD
-=QEE-= =YY -----—--FVLEE¥3E030A 23 P RS RC S DEMMD PME FT Op SRR AN S YD
--QED--—N¥¥---—-—-PVLEH¥SCDE0A B3P RERCEDE IMDPME PTC) TRREN S ¥D
~-QEE--—H¥¥-- - —— - PVLEE¥EEDEIA IS —mm oo m oo mmm e oo m o mm e
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mhh hhhhh AR A

Figure 14. Multiple species protein alignment for MyoD

Figure 15. Phylogenetic tree (protein alignments) for MyoD
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MATERIAL AND METHODS

Myogenin gene sequncing

>NYF4

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGACCGGAGGCTT
CGACCAAGCAGGATATCAGGACCGAAGCTCCATGGTGGGCTTGTGTGGCGACGGAAG
GCTGCTGTCAAACGGAGTGGGGATGGAGGACAAACCGTCTCCATCTTCTAGCCTCGGT
CTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGGGTCAGTGTCTGCCCTGGGC
CTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAGCCGCCACTTTG
AGGGAGAAGAGGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGC
ACGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCC
AGTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAACATGAGCA
GGGAAACATGCATTACAGAGCCGCGGCTCCTCAAGGGATGTCGTCCTCTAGCGATCAG
GGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTACGTCTGAGCACTGTG
CCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCTCAGAGCAAAC
CAACCTGAGGTCTCTGACGT

>NYFS

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGACCGGAGGCTT
CGACCAAGCAGGATATCAGGACCGAAGCTCCATGGTGGGCTTGTGTGGCGACGGAAG
GCTGCTGTCAAACGGAGTGGGGATGGAGGACAAACCGTCTCCATCTTCTAGCCTCGGT
CTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGGGTCAGTGTCTGCCCTGGGC
CTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAGCCGCCACTTTG
AGGGAGAAGAGGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGC
ACGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCC
AGTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAACATGAGCA
GGGAAACATGCATTACAGAGCCGCGGCTCCTCAAGGGATGTCGTCCTCTAGCGATCAG
GGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTACGTCTGAGCACTGTG
CCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCACAGAGCAAAC
CAACCTGAGGTCTCTGACGT

>NYF6
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MATERIAL AND METHODS

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGAGTGGAGGCTT
CGACCAAGCAGGATATCAGGACCGAAACTCCATGATGGGCTTGTGTGGCGACGGAAG
GCTGCTGTCAAACGGAGTGGGCTTGGAGGACAAACCATCTCCATCTTCTAGCCTCGGTC
TGTCCATGTCTCCTCACCAGGAGCAGCAGCATTGTCCGGGCCAGTGTCTGCCCTGGGCC
TGCAAGGTGTGCAAGCGCAAGTCGGTGACCATGGATCGACGGAAAGCCGCCACTTTGA
GGGAGAAGAGGAGGTTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGCA
CGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCCA
GTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAGCACGAGCAG
GGAAACTTGCATTACAGAGCCGCGGCTCCTCAAGGGGTGTCGTCCTCTAGTGATCAGG
GCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTGCATCTGAGCACTGCGT
CCCCGCATACAGCTCCACCCATGAGGATCTCCTGAACGACGACTCCACAGAGCAAACC
AACCTGAGGTCTCTGACGT

>NYR4

CGCCTTCGTAAAAACGCTGGACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGACC
GGAGGCTTCGACCAAGCAGGATATCAGGACCGAAGCTCCATGGTGGGCTTGTGTGGCG
ACGGAAGGCTGCTGTCAAACGGAGTGGGGATGGAGGACAAACCGTCTCCATCTTCTAG
CCTCGGTCTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGGGTCAGTGTCTGC
CCTGGGCCTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAGCCGC
CACTTTGAGGGAGAAGAGGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAA
GAGGAGCACGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGC
GCCATCCAGTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAAC
ATGAGCAGGGAAACATGCATTACAGAGCCGCGGCTCCTCAAGGGATGTCGTCCTCTAG
CGATCAGGGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTACGTCTGAG
CACTGTGCCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCTCAGA
GCAAACCAACCTGAGGTCTCTGACGT

>NYRS5

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGACCGGAGGCTT
CGACCAAGCAGGATATCAGGACCGAAGCTCCATGGTGGGCTTGTGTGGCGACGGAAG
GCTGCTGTCAAACGGAGTGGGGATGGAGGACAAACCGTCTCCATCTTCTAGCCTCGGT
CTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGGGTCAGTGTCTGCCCTGGGC
CTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAGCCGCCACTTTG
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AGGGAGAAGAGGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGC
ACGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCC

AGTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAACATGAGCA
GGGAAACATGCATTACAGAGCCGCGGCTCCTCAAGGGATGTCGTCCTCTAGCGATCAG
GGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTACGTCTGAGCACTGTG

CCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCACAGAGCAAAC

CAACCTGAGGTCTCTGACGT

>NYRG6

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGAGTGGAGGCTT
CGACCAAGCAGGATATCAGGACCGAAACTCCATGATGGGCTTGTGTGGCGACGGAAG
GCTGCTGTCAAACGGAGTGGGCTTGGAGGACAAACCATCTCCATCTTCTAGCCTCGGTC
TGTCCATGTCTCCTCACCAGGAGCAGCAGCATTGTCCGGGCCAGTGTCTGCCCTGGGCC
TGCAAGGTGTGCAAGCGCAAGTCGGTGACCATGGATCGACGGAAAGCCGCCACTTTGA
GGGAGAAGAGGAGGTTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGCA
CGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCCA
GTACATCGAGAGACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAGCACGAGCAG
GGAAACTTGCATTACAGAGCCGCGGCTCCTCAAGGGGTGTCGTCCTCTAGTGATCAGG
GCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCA
GCAAACCAACCTGAGGTCTCTGACGT
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mang ST T T A P AT LT £ L LT T U A L Ll L ek ek FUT AL AT ara

HYR4 ARAGGECT GCTGTCRAAACGEAGT GEGGAT GEAGGACAAACCGTCTCCATCTT CTAGCCT CGG 180
HYF4 BAGGECT GCTGTCARACGGEAGT GEGEAT GEAGGACAAACCETCTCCATCTT CTAGCCT CGEGE 171
HYFS AAGGCT GCTGTCAAACGEAGT GEGGAT GEAGGACAAACCGTCTCCATCTT CTAGCCT CEG 171
NYRS BAGGCT GCTGTCARACGGEAGT GGGGAT GEAGGACARACCGTCTCCATCTT CTAGCCTCGG 171
R R R R R R R e oA e R R R R e R R R R R R
NYF& TCTGICCATGTCTCCTCACCAGGAGCAGCAGCATIGTCCGGECCAGTGTCTGOCCIGGEE 231
HYRE TCTGICCATGTCTCCTCACCAGGAGCAGCAGCATTGTCCGGECCAGTGTCTGCCCIGGET 231
NYR4 TCTGICCATGTCTCCTCACCAGGRGCAGCAGCACTGTCOGGETCAGTGTICTGCCCTIGGGET 240
HYF4 TCTGICCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGEETCAGTGTCTGCCCIGGEC 231
HYFS TCTGICCATGTCTCCTCACCAGGAGCAGCAGCACT GTCCGGETCAGTGTCTGCCCIGGEC 231
NYR5 TCTGICCATGTCTCCTCACCAGGRGCAGCAGCACTGTCOGGETCAGTGICTGCCCTGGGEC 231
R R e o R R R R R R R R R R R R R R R R R R R R
NYF& CTGCARGGTGTGCAAGCGCARGT OGGT GACCATGEATCGACGEARAGCOGCCACTITGAG 291
HYR& CTGCAAGGTGTGCAAGCGCAAGT CEGT GACCATGEGATCGACGERARAGCCGCCACT TT GAG 291
HYR4 CTGCAAGETGTGTAAGC GCALGT CGET GACAATGEATCGACGEARMAGCCGCCACT TTGAG 300
HYF4 CTGCAAGGTGTGTAAGCGCAAGT CGGT GACAATGEATCGACGEARAGCCGCCACT TTGAG 291
HYF5 CTGCAAGGTGTGTRAAGC GCAAGT CGET GACAATGEATCGACGEARAGCCGCCACT TT GAG 291
NYRS CTGCARGGTGTGTAAGCGCARGT CGGT GACAATGEATCGACGEABAGCCGCCACT TT GAG 291
R R R R R R R R R R R R R R R R R e R R R R R R
NYF& GEAGARGAGGAGGTT GAAGAAAGTCAACGAGGCCTT TGAGGCTCTT ARGAGEAGCACGCT 351
HYR& GEAGAAGAGGAGGTT GRAGAAAGTCARCGAGGCCTT TGAGGCTCTT AACA GGAGCACGCT 351
HYR4 GEAGAAGAGEAGGCT GAAGALAGTCARCEAGGCCTT TGAGGCTCTT AR GA GGAGCACGET 360
HYF4 GEAGAAGAGGAGGCT GAAGAAAGTCARCGAGGCCTT TGAGGCTCTT AAGAGGAGCACGCT 351
HYF5 GEAGAAGAGGAGGCT GAAGAAAGTCARCGAGGCCTT TGAGGCTCTT AAGA GGAGCACGCT 351
NYRS GGAGARGAGEAGGCT GAAGAR AGTCAACGAGGCCTT TGAGGCTCTT AAGAGGRAGCACGCT 351
R R R R R R R o R e o R R R R R R e R R R R R R
NYF& CATGAATCCCARCCAGAGGCT GCCT AAGGTGGEAGAT CCTGOGCAGCGCCATCCAGTACAT 411
HYRE CATGAATCCCARCCAGAGGCT GCCT ARGGETGGEAGAT CCTGCGCAGCGCCATCCAGTACAT 411
HYR4 CATGAATCCCARCCAGAGGCT GCCT ARGGTGGEAGAT CCTGCGCAGCGCCATCCAGTACAT 420
NYF4 CATGAATCCCARCCAGAGGCT GCCT AAGGTGGEAGAT CCTGOGCAGCGCCATCCAGTACAT 411
HYF5 CATGAATCCCARCCAGRGGCT GCCT ARGGTGGAGAT CCTGCGCAGCGCCATCCAGTACAT 411
HYRS CATGAATCCCARCCAGRGGCT GCCT ARGETGGEAGAT CCTGCGCAGCGCCATCCAGTACAT 411
R e R e o e o R o R e o e R R R R R R R R R R R e
HYF& CEAGAGACTCCRAGGECGCTGET CAGCTCTCTC AR CCAGCAGGAGCACGAGCAGGEARACTT 471
NYRE CEAGAGACTCCAGECGCTGET CAGCTCTCTC AR CCA GCAGGAGCACGAGC AGGGARACTT 471
HYR4 CEAGAGACTCCRAGGECGCTGET CAGCTCTCTCAACCAGCAGGARACAT GAGCAGGGARACAT 480
NYF4 CEAGAGACTCCAGECGCTGET CAGCTCTCTC AR CCA GCAGGAAC AT GAGCAGGGARACAT 471
HYF5 CEAGAGACTCCRAGGCGCTGET CAGCTCTCTCAACCAGCAGGARACAT GACCAGGGARACAT 471
HYRS CEAGAGACTCCRAGGECGCTGET CAGCTCTCTC AR CCAGCAGGARACAT GAGCAGGEARACAT 471
R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R
HYF& GCATTACAGHGCCGCGECT CCTCARGGGETGTCETCCT CTAGTEAT CAGGECTCTGECAG 531
NYRE GCATTACAGAGCOECGEECT CCTCAAGGGETGTCETCCT CT AGTGAT CAGGGCICTGECAG 531
HYR4 GCAT TACAGAGCCECGECT CCTCARGGGATGTCETCCT CT AGCGEAT CAGGGCICTGGCAG 540
NYF4 GCATTACAGAGCOECGEECT CCTCAAGGEATGTCETCCT CT AGCEAT CAGGGCICTGECAG 531
HYF5 GCATTACAGAGCCECGECT CCTCAAGGGATGTCGTCCT CT AGCGAT CAGGGCTCTGGCAG 531
HYRS GCAT TACAGAGCCECGECT CCTCARGGGATGTCETCCT CT AGCGEAT CAGGGCTCTGGCAG 531
D T T T T T Tt Lo
HYF&6 CACCTGCTGT AGCAGTCCAGAGT GEAGCAGT GCATCTGAGCACT GCGT CCCCGCATACAG 591
HYRE CACCTGCTGT AGCAGTCCAGAGT GEAGCAGT GCATCTGAGCACT GCGT CCCCGCATACAG 591
HYR4 CACCTGCTGT AGCAGTCCAGAGT GEAGCAGT ACGTCTGAGCACT GTGCCCCCGOCTACAG &0
NYF4 CACCTGCT GT AGCAGTCCAGR GT GEAGCAGT ACGICTGAGCACT GTGCCCCCGOCTACAG 531
HYF5 CACCTGCTGT AGCAGTCCAGAGT GGAGCAGTACCTCTGAGCACT GTGCCCCCGOCTACAG 591
HYRS CACCTGCT GT AGCAGTCCAGAGT GEAGCAGT ACGTCTGAGCACT GTGCCCCCGOCTACAG 591
B Rk e e B R R R e R e B RR Rk R e R RRRR R R R R AR Rk Rk
HYF& CTCCACCCAT GRGGATCTCCT GAACGACGACTCCACAGAGCARACCAACCTGAGGICTCT 651
HYR6 CTCCACCCAT GRGEATCTCCT GAACGACEACTCCACAGAGCARL CCAACCTGAGGICTCT 651
NYR4 CITCCACCCAT GAGEATCTCCT GRAT GACGACTCCTCAGAGCARA CCARCCTGAGEICTCT 860
HYF4 CTCCACCCAT GRGGATCTCCT GRATGACGACTCCTCAGAGCARACCAACCTGAGGICTCT 651
HYFS CTCCACCCAT GRGEATCTCCT GRATGACGACTCCACAGAGCARL CCAACCTGAGGICTCT 651
NYRS CITCCACCCAT GAGEATCTCCT GRAT GACGACTCCACAGAGCARA CCARCCTGAGEICTCT 651
B Rk e e BB R R R R R R R ok R B Rk B e B Rk e R e e
HYF& GACGT 656
HYR6 GACGT 656
NYR4 GACGT 665
HYF4 GACGT 656
HYFS GACGT 656
NYRS GACGT 656

T

Figure 16. Sequence alignments (Clustal Omega Multiple Sequence Alignment tool) for MyoG
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Selected Myogenin (MyoG) gene sequence for T. putitora

CCAGCGTTTTTACGAAGGCGGCGATAACTTCTTCCAGTCAAGGCTGACCGGAGGCTTCGACCAAGCAGG
ATATCAGGACCGAAGCTCCATGGTGGGCTTGTGTGGCGACGGAAGGCTGCTGTCAAACGGAGTGGGGAT
GGAGGACAAACCGTCTCCATCTTCTAGCCTCGGTCTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTC
CGGGTCAGTGTCTGCCCTGGGCCTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAG
CCGCCACTTTGAGGGAGAAGAGGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGCA
CGCTCATGAATCCCAACCAGAGGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCCAGTACATCGAGAG
ACTCCAGGCGCTGGTCAGCTCTCTCAACCAGCAGGAACATGAGCAGGGAAACATGCATTACAGAGCCGC
GGCTCCTCAAGGGATGTCGTCCTCTAGCGATCAGGGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGG
AGCAGTACGTCTGAGCACTGTGCCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCA

CAGAGCAAACCAACCTGAGGTCTCTGACGT
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Figure 17. Multiple species Nucleotide alignments for MyoG
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Figure 18. Phylogenetic tree (nucleotide alignments) MyoG

Myogenin (MyoG) Protein alignment

T.putitora protein sequence was translated from nucleotide sequence through the ExPASy

bioinformatics Resource portal.

MVGLCGDGRLLSNGVGMEDKPSPSSSLGLSMSPHQEQQHCPGQC
LPWACKVCKRKSVTMDRRKAATLREKRRLKKVNEAFEALKRST
LMNPNQRLPKVEILRSAIQYIERLQALVSSLNQQEHEQGNMHYRA
AAPQGMSSSSDQGSGSTCCSSPEWSSTSEHCAPAYSSTHEDLLNDD

STEQTNLRSLT
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Figure 19. Multiple species protein alignment for MyoG
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Figure 20. Phylogenetic tree (protein alignments) for MyoG
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Heat shock protein-70 (HSP-70KDa) gene sequncing

>NYF7

ATGGTCCTGGTGAAGATGAAGGNCCTTTTTGAAGCCTATCTGGGGCAGAAGGTGACA
AATGCAGTTGTCACAGATTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAAA
GATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCTG
CAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCTTT
GACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTTGA
GGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCATG
GTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC

>NYF8

ATGGTCCTGGTGAAGATGAAGGAGATTGCTGAAGCTTATCTGGGGCAGAAGGTGAC
AAATGCAGTTATCACAGTTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAAA
GACGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCTG
CAGCCATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCTT
TGACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGACGGCATCTTTG
AGGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCAT
GGTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC

>NYF9

ATGGTCCTGGTGAAGATGAAGGAGATTGCTGAAGCCTATCTGGGGCAGAAGGTGAC
AAATGCAGTTGTCACAGTTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAAG
GATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCTG
CAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCTTT
GACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTTGG
GGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCATG
GTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC

>NYR7

ATGGTCCTGGTGAAGATGAAGGAGATTGCTGAAGCCTATCTGGGGCAGAAGGTGAC
AAATGCAGTTGTCACAGTTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAAA
GATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCTG
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CAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCTTT
GACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTTGA
GGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCATG
GTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC

>NYRS

ATGGTCCTGGTGAAGATGAAGGAGATTGCTGAAGCTTATCTGGGGCAGAAGGTGAC
AAATGCAGTTATCACAGTTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAAA
GACGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCTG
CAGCCATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCTT
TGACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGACGGCATCTTTG
AGGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCAT
GGTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC

>NYR9

TATGGTCCTGGTGAAGATGAAGGAGATTGCTGAAGCCTATCTGGGGCAGAAGGTGA
CAAATGCAGTTGTCACAGTTCCTGCCTATTTCAATGACTCCCAGAGGCAAGCGACTAA
GGATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAACGAGCCCACAGCT
GCAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCT
TTGACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTT
GGGGTGAAGGCCACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGC
ATGGTGAATCACTTTGTTGAAGAATTCAAGAGGAAGCACAAGAAGGACATC
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HYET —ATGETCCTGET AR TEAR GENCCT TTTT R AGCCT AT CT GEGECAGR AT GACAR D 28
HYF8 —ATGOET CCTGET AR TEAR GEAGAT TGCT GRAGC TTAT CT GEGECAGA AEET GACAL D 28
HYRS —ATGET CCTGET AR GR TEAR GEAGAT TGCT GA AT TT AT CT GEGECAGR AT GACAR D 55
HYFS —ATGETCCTGET GRACRATCAR GEAGAT TGCT GAACCCT AT CT GEGECAGR AT GACAR D 59
HYES TATGOT CCTGET AR TEAR FRAGAT TGCT RR AT CTAT CT FEGECAGR AEET GACARD a0
HYRT —ATGOET CCTGET AR TEAR GEAGAT TGCT GRAGCCT AT CT GEGECAGA AEET GACAR D 28
R R - R R R R R R R
HYFET IGCACTTGTCACAGATT CCTGCCTATT TCARTGACT CCCA R GECARAGCGACTALARATE 115
HYFS IECAGTTATCACAG-TTCCTGCCTATT TCARTGACT CCCRA R FECARGCGACTA LARRCE 118
HYES IECAGTTATCACG-TTCCTGCCTATT TCAATGACT CCCA R FECARGCGACTA LARRCE 118
HYFS TECACTTGTCACA G- TTCCTGCCTATT TCAR TGACT COCRAGR GECRAGEGACTA MGEAT S 118
HYES IGCACTTGTCACAG-TTCCTGCCTATT TCARTGACT CCCAGR GECARGCGACTAMGEATS 115
HYRT IECAGTTGICACAG-TTCCTGCCTATT TCARTGACT CCCAGR FECARGCGACTALARATE 118
R R ORURR R R R R R R R R R R ER R ORR R o W
HYET CIGEAGTAAT CGCTGERACT GRAT GT CCTGAGRRA TCATCAR CEAGCCCACA GCTGCAGCTA 173
HYFS CIGEAGTAAT CECTEEACT GRAT GT CCTGASAR TCA TCAR CRAGCCCACA GCTGCARCCH 178
HYES CIGEAGTAAT CECTEEACT GRAT GT CCTGASAR TCA TCAR CRAGCCCACA GCTGCARCCH 178
HYFS CIGEAGTALT CECTEEACT GAAT GT CCTGAGAR TCA TCAR CEAGCCCACA GCTGCARCTS 178
HYRS CTGEAGTAAT CECTEEACT GRAT GT CCTGAGRA TCA TCAR CRAGCCCACA GCTGCRAGCTS 173
HYRT CIGEAGTAAT CGCTGERACT GRAT GT CCTGAGRRA TCATCAR CEAGCCCACA GCTGCAGCTA 78
R RN RR R RORRRRRT R RRROR R RRRRR R ORR RE ORR OER R OER ORGSR R s =
WYIET ITGECCTACGECCTTGAC AN A EEAn AT TCAGAGC oA CETCCT A TCTTTGRACCTEE 233
HYFS TTGCCTACGECCTTGACAR AEEAL AT TCAGRARC GE AR CETCCT FATCTTITGACCTGE 238
HYES TTGCCTACGECCTTGACAL A EEAL AGCT TCAGAC o AR CETCCT FATCTTTGRACCTGE 238
HYFS TTGCCTACGECCTTGACAL AEEAn AECT TCAGRGC FEAR CETCCT R TCTTTGRACCTEE 238
YIRS ITGECCTACGECCTTGAC AN A EEAn AT TCAGAGC oA CETCCT A TCTTTGRACCTEE 233
HYR7Y TTGCCTACGECCTTGACAR AEEAL AT TCAGRARC GE AR CETCCT FATCTTITGACCTGE 238
o R e R e m
HYET FoGEAGECACCTTIGAT GT G CCAT CCTGACCATT AL GA TGEEAT CT TT GAGETERARAGE 233
HYFE FEEAEFCACCT TIGAT GI GI CCAT CCTGACCATT AR GRCEEEAT CTTT GAGETEARGE 238
HYES FoGEAGECACCTTTGAT GT GT CCAT CCTGACCATTGRAAGRCGEEAT CTTT GAGGTERAGE 2898
HYFS FoGEAGFCACCTTIGAT G GT CCAT CCTGACCATTGRA G TEEEAT CTTT GGEETERAGE 288
HYES FoGEAGEFCACCTTIGAT GTGI CCAT CCTGACCATTGRAAGR TEEEAT CTTT GGEETERAGE 233
HWIET FEEAEECACCT TIGAT GI GI CCAT CCTGACCATT AR GA TEEEAT CTTT GAGETEARGE 238
R R AR R R R R R R R R R R e e
HYET CCACACTGEARRCACT CATC TR TG EAGEACT TT R CRRCCECATGET GALTCACT 358
HYFS CCACAGCTGEAGRCACT CATCTGGEIGEEEAGEACT TTEACRRCCECATGET GARTCACT 358
HYRS A CT GEAGACACT CA TCTEEE TG EAGEACT TT GACARCCECATGET GAATCACT 358
HYFS CCACAGCT GEAGRCACT CATCTGEETGEEEAGGACT TTGACRACCECATGOT GAATCACT 358
HYES CCACACT GEAGACACT CATC TG T GG EAGEACT TT A CRACCECATGET GARATCACT 359
HYRT CCACAGCTGEAGRCACT CATCTGGEIGEEEAGEACT TTEACRRCCECATGET GARTCACT 358
o R R R R R R o R
HYET TTCITGRAAGRATTCARGAGERAGCACRAGARGEACATC 397
HYFS TTGITGAAGRATTCARGAGER AGCACRAGAR FEACATC 396
HYES TTGITGRAAGRATTCARGAGERAGCA CRAGARGEACATC 396
HYFS ITEITGRAAGRATT CRnGAEEn BECA CAREARGERCATC 3%a
HYERS TTCITGAAGRATTCARGACGER AGCACRAGARGEACATC 397
HYRT TTGITGRAAGRATTCARGACER AGCACR AGARGEACATC 396

R R R R AW MR R R A AW AR RN MW W T MW N AW

Figure 21. Sequence alignments (Clustal Omega Multiple Sequence Alignment tool) for HSP-

70kDa
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Selected Heat shock protein- HSP-70kDa

gene sequence for Tor putitora

GAGATTGCTGAAGCCTATTCTGGGGCAGAAGGTGACAAATGCAGTTGTCACAGTTCCTGCCTATTTCAAT
GACTCCCAGAGGCAAGCGACTAAAGATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAAC
GAGCCCACAGCTGCAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCT
TTGACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTTGAGGTGAAGGC
CACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCATGGTGAATCACTTTGTTGAAGAA

TTCAA
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Figure 22. Multiple species nucleotide aligments for HSP-70kDa
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Figure 23. Phylogenetic tree (nucleotide alignments) for HSP-70kDa

Amino acid sequence of HSP-70kDa

RLLKPILGQKVTNAVVTVPAYFNDSQRQATKDAGVIAGLNVLRIINEPTAAAIAYGLDKG

KASERNVLIFDLGGGTFDVSILTIEDGIFEVKATAGDTHLGGEDFDNRMVNHEVEEF

Cirrhinus

Catla

Tor putitora
Labeo

Daino rerioc
Carassius
Cyprimis carpioc
C idella
Hypopthalm chthys

Cirrhinus

Catla

Tor putitora
Labeo

Daino rerio
Carassius
Cyprimis carpic
C idella
Hypopthalmi chthys

Cirrhinus

Catla

Tor putitora
Labeo

Daino rerio
Carassius
Cyprimis carpic
C idella
Hypopthalm chthys

—————————————— A LTV I TVERY FM DS T 3o A THEE M TR TTHE ETRE

—————————— RLIKPI L R VINAVVIVERY FNDSQROATFDACVI AGLNVIAIINEFTR

IS EMV IVEMEE L AE A Y L RV TRV I TVERY FNDS QRO A TR AV I A TLNVISIINEFTE

ISaMVLVFMEET A ER YTLEOEV THAYV T TVER YFHD SO ROA TH DR SV TACLNVLET TNEPTR

AATAYCLOEEEA SEENVL IFHLEEETFIN ST LT [~ ————— —— —— ————m e

AATAYELIEEKA SEBNVL IFDLGEETF IV ST LT TE DET FEVE AT ACDTHLECE DF LI EMY
W
ARHDYCLIOEEK S 52 BNVL IFDLEEETF IV ST LT T2 DET FEVE AT AEDTHLE CE DF LHEMY
————————————————————————————————————— IFEVKATACDTHLCEE DECHEMY
e ST LT TEDGI FEVEATACDTHLGEE DFCHEMY
LA TRAYEIOREKAAERNYVLI FDLEEET FOVS LTI EDE TFEVEA TR COTHLECED FONRMY

HE B e P e m e e e e
NHFVEE FERKHEEDT SQNERA TR NL A TACE RAKR TLS S5 SRR IR IDSLYEC IDFY S5 IT
NHFVEE FERKHEEDT SQNKRA TR NL A TACE BAKR TLS 55 SRS IR IDSLYEC IDFY TS IT
NHFVEEFEREHKED IS GNER AL NLATACER AKRTLES S5 (A SIEI DSLYECIDFYTSIT
NHFVEE FEEKHREDT SQHKRA TR AR TR CE RAKR TLS 55 53RSIE IDSLYEEIDFY TS IT
NHFVEE FERKHEEDT SQNKRA TR NI A TR CE BAKR TLE 55 SRS IE IDSLYEC IDFY TS IT

Figure 24. Multiple species protein alignment for HSP-70kDa
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MATERIAL AND METHODS

Cirrhinus mrigala 0.017368
_: Catla catla -0.17368
Labeo rohita -0.12668
Carassius carassius -0.06951
Cyprinus carpio -0.04527
Tor putitora 0.01045
Danio rerio 0.03986
Ctenopharyngodon idella -0.01179
Hypopthalmichthys molitrix 0.02429

Figure 25. Phylogenetic tree (protein alignments) for HSP-70kDa
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Submission of Data in NCBI gene bank
1) MyoD

Nucleotide sequence

AACACAAACGATATGCACTTCTTTGAAGACCTGGACCCCAGGCTCGTCCACGTGAGTCTGCTCAAGCCCGACGAGCAT
CACCACATCGAGGACGAGCACGTAAGGGCGCCCAGCGGGCATCATCAGGCCGGCAGGTGCCTGCTGTGGGCATGCAA
AGCCTGCAAGAGAAAAACTACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGGAGAGGAGAAGACTGAGCAAA
GTCAACGACGCTTTCGAGACCCTCAAGAGATGCACGTCCACCAACCCCAACCAGAGGCTGCCCAAAGTGGAGATTCT

GAGAAACGCCATTAGTTACATTGAGTCTCTGCAGGCGCTGCTTAGGAGTCAAGAGGAAAACTACTACCCTGTTCTGGA

ACATTACAGTGGAGACTCCGATGCCTCCAGCCCGA

Protein Sequence

MHFFEDLDPRLVHVSLLKPDEHHHIEDEHVRAPSGHHQAGRCLLWACKACK

2) MyoG

Nucleotide sequence

GCGATAACTTCTTCCAGTCAAGGCTGACCGGAGGCTTCGACCAAGCAGGATATCAGGACCGAAGCTCCAT
GGTGGGCTTGTGTGGCGACGGAAGGCTGCTGTCAAACGGAGTGGGGATGGAGGACAAACCGTCTCCATC
TTCTAGCCTCGGTCTGTCCATGTCTCCTCACCAGGAGCAGCAGCACTGTCCGGGTCAGTGTCTGCCCTGGG
CCTGCAAGGTGTGTAAGCGCAAGTCGGTGACAATGGATCGACGGAAAGCCGCCACTTTGAGGGAGAAGA
GGAGGCTGAAGAAAGTCAACGAGGCCTTTGAGGCTCTTAAGAGGAGCACGCTCATGAATCCCAACCAGA
GGCTGCCTAAGGTGGAGATCCTGCGCAGCGCCATCCAGTACATCGAGAGACTCCAGGCGCTGGTCAGCTC
TCTCAACCAGCAGGAACATGAGCAGGGAAACATGCATTACAGAGCCGCGGCTCCTCAAGGGATGTCGTC
CTCTAGCGATCAGGGCTCTGGCAGCACCTGCTGTAGCAGTCCAGAGTGGAGCAGTACGTCTGAGCACTGT

GCCCCCGCCTACAGCTCCACCCATGAGGATCTCCTGAATGACGACTCCACAGAGCAAA

Protein Sequence
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MVGLCGDGRLLSNGVGMEDKPSPSSSLGLSMSPHQEQQHCPGQCLPWACKVCKRKSV
TMDRRKAATLREKRRLKKVNEAFEALKRSTLMNPNQRLPKVEILRSAIQYIERLQALVS
SLNQQEHEQGNMHYRAAAPQGMSSSSDQGSGSTCCSSPEWSSTSEHCAPAYSSTHEDLLN

DDSTEQTNLRSLT

3) Heat shock protein HSP-70kDa

Nucleotide sequence

GAGATTGCTGAAGCCTATTCTGGGGCAGAAGGTGACAAATGCAGTTGTCACAGTTCCTGCCTATTTCAAT
GACTCCCAGAGGCAAGCGACTAAAGATGCTGGAGTAATCGCTGGACTGAATGTCCTGAGAATCATCAAC
GAGCCCACAGCTGCAGCTATTGCCTACGGCCTTGACAAAGGCAAAGCTTCAGAGCGCAACGTCCTGATCT
TTGACCTGGGCGGAGGCACCTTTGATGTGTCCATCCTGACCATTGAAGATGGCATCTTTGAGGTGAAGGC
CACAGCTGGAGACACTCATCTGGGTGGGGAGGACTTTGACAACCGCATGGTGAATCACTTTGTTGAAGAA

TTCAA
Protein Sequence

RLLKPILGQKVTNAVVTVPAYFNDSQRQATKDAGVIAGLNVLRIINEPTAAAIAYGLDKG

KASERNVLIFDLGGGTFDVSILTIEDGIFEVKATAGDTHLGGEDFDNRMVNHFVEEF

Submission of data in NCBI world gene bank

Nucleotide sequences were submitted at NCBI to get their gene bank accession numbers.

e Banklt2127432 MyoD MH545701
e Banklt2127432 MyoG MHS545702

e Banklt2127432 HSP70KDa MHS545703
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Quantitative Polymerase chain reaction (q-PCR) primer designing

Primers were designed for gene expression analysis of MyoD, MyoG, and HSP-70kDa in

fish reared on diet supplemented with a graded level of cobalt (table 14).
Linearity test of primers

Linearity test was performed through serial dilutions of sample and blank (Milli-Q water)
to check the validity of designed oligonucleotides for gene expression analysis studies through g-
PCR. The reaction mixture and qPCR reaction conditions are shown in tables 15 and 16 respectively.
Four serial dilutions (duplicate) of samples were prepared for each gene i.e., 1/2/5; 1/5; 1/10; 1/20
and blank. Graphs were made to validate the results of the linearity test. Results confirmed the

linearity of designed primers.
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Table 14. Primers designed for quantitative Polymerase chain reaction (q-PCR)

Gene Accession No. Length of PCR product Sequence 5" to 3°

p-actin KU714644.1 99 GCTGTGCTGTCCCTGTATGC
GGCGTAACCCTCGTAGATGG

MyoD MH545701 107 GATTGCTGAAGCCTATTCTGG
GCGCCTGCAGAGACTCAATG

Myogenin MHS545702 165 GGACAAACCGTCTCCATCTTC

CCTCCTCTTCTCCCTCAAAGTG

HSP-70kDa MH545703 83 GATTGCTGAAGCCTATTCTGG

TTGCCTCTGGGAGTCATTG
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Table 15. Quantitative Polymerase chain reaction (q-PCR) master mix

Ingredients Quantity (ul)
SYBR® Green 20
Oligo — Forward 1.6
Oligo — Reverse 1.6
PCR Water 13.6
cDNA sample 3.2
Final volume 40ul

Table 16. Quantitative Polymerase chain reaction (q-PCR) reaction conditions

Temperature (°C) Time duration (minutes)
95 10
95 0.25
62 40 cycles 1
95 0.25
60 1
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Figure 26. Linearity of p-actin primers designed for qPCR
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Figure 27. Linearity of MyoD primers designed for quantitative gPCR
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Figure 28. Linearity of myogenin (MyoG) primers designed for gPCR
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Figure 29. Linearity of HSP-70KDa primers designed for gPCR
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Quantitative PCR (qPCR) for muscle growth and liver stress response genes

Step OnePlus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) was used
to quantify the myoblast determination protein 1 homolog MyoD and myogenin MyoG in the muscle
and heat shock protein 70 KDa in the liver cDNA samples of advanced fry of T. putitora reared on
diet supplemented with graded levels of cobalt chloride. Primers used for gene expression studies
were designed after nucleotide sequencing of the MyoD, MyoG, and HSP-70kDa gene (Table 17). A
B-actin primer having PCR product 99kb was used for qPCR to normalize the expression levels of

the MyoD, MyoG, and HSP-70kDa gene.

Briefly, diluted cDNA was taken in small tubes (Applied Biosystems MicroAmp 8-Tube Strip
with attached optical or domed caps) and mixed with SYBR® Green (Applied Biosystems, Foster
City, CA, USA), primers (both forward and reverse), and water (qQPCR reaction mix composition
having a final volume of 20 pl is shown in Table 18). After that, these small tubes having a reaction
mixture were centrifuged for 1 minute at 1500rpm (214xg; high speed centrifuge, SCILOGEX LLC).
Then tubes having reaction mixture were placed in Real-Time PCR System having pre-set
temperature protocol (Table 19). To ensure the amplification of products, the dissociation curve was
run and the efficiency of qPCR reaction for each selected gene was checked by generating the
standard curves via serial dilutions of a control cDNA sample. The mRNA expression of all three
selected genes was normalized to the expression level of T. putitora B- actin. Afterward standard
AACT method (Pfaffl 2001) was adopted to calculate the variation in expression of MyoD, MyoG,

and HSP-70kDa in samples.
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Table 17. Primers designed for quantitative Polymerase chain reaction (q-PCR)

Gene Accession No. Length of PCR product Sequence 5" to 37

p-actin KU714644.1 99 GCTGTGCTGTCCCTGTATGC
GGCGTAACCCTCGTAGATGG

MyoD MH545701 107 GATTGCTGAAGCCTATTCTGG
GCGCCTGCAGAGACTCAATG

Myogenin MHS545702 165 GGACAAACCGTCTCCATCTTC
CCTCCTCTTCTCCCTCAAAGTG

HSP-70kDa MH545703 83 GATTGCTGAAGCCTATTCTGG

TTGCCTCTGGGAGTCATTG

91



MATERIAL AND METHODS

Table 18. Quantitative polymerase chain qPCR reaction composition

Ingredient Quantity (ul)
SYBR® Green 10
Forward primer 0.8
Reverse primer 0.8
Water 6.8
c¢DNA sample 1.6
Total 20ul

Table 19. Quantitative polymerase chain reaction (QPCR) condition (temperature protocol)

Temperature (°C) Time duration (minutes)
95 10
95 0.25
62 40 cycles 1
95 0.25
60 1
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CHAPTER 3

Comparative effects of different forms of dietary cobalt
on growth performance, hemato-immunological indices,
intestinal enzymes activities, and muscle composition of

T. putitora



MATERIAL AND METHODS

This part of the study involved the synthesis of inorganic Cobalt chloride nanoparticles (Co-NPs) and
formation of organic Cobalt methionine complex (Co-Met) and then conduction of feeding trials for

the comparative evaluation of their efficiency.

Figure 30. Experimental design to study the comparative effects of different forms of dietary
cobalt on growth performance, intestinal enzymes activity, hemato-immunological indices, and

muscle composition of T. putitora
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Phase I

Preparation of cobalt chloride nanoparticles (Co-NPs)

The mechanical method was used for the conversion of crude cobalt chloride salt in its nano
form. Initially, cobalt chloride hexahydrate (CoCl,.6H>O) was taken in a china dish and its moisture
was removed by heating at 80°C for 20 minutes on a hot plate. After that, de-hydrated cobalt chloride
was placed in a ball mill grinder and the lid was sealed to restrict the entrance of moisture into the
chamber. The ball mill had a barrel with 24 small and 9 large metallic balls, which collided with each
other at high speed and ground the sample. Here, the collision of balls with the sample for about 12

hours resulted in the mechanical conversion of cobalt chloride (crude) into its nano form.
Synthesis of Cobalt methionine chelated complex (Co-Met)

Cobalt methionine chelated complex was prepared by the protocol reported by Stanila et al.
(2011). Briefly, 2mM of methionine, i.e., 0.286g was dissolved in 20 ml of distilled water in a glass
conical flask under magnetic stirring (Magnetic Stirrer; ATO-HS-19). After that, 0.33 ml of 30%
NaOH was added to the flask. In the final step, 1mM of the cobalt chloride (0.237g) was dissolved in
2 ml of distilled water and added dropwise to the above reaction mixture under constant stirring.
Instantaneously, pink color precipitates were formed in the flask which was filtered, washed several

times with distilled water, and then dried in air.
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Characterization Co-NPs and Co-Met complex

The synthesized Co-NPs and Co-Met complex were characterized for their size, surface

morphology, and composition.
Physical properties

For the determination of the physical morphology of powdered Co-NPs and Co-Met complex, X-
rays diffraction spectroscopy XRD (Shimadzu-700 diffractometer; Cu-ko radiation; wavelength=
1.5406A) was done at the Nanoscience and Technical Division, National Centre for Physics,
Islamabad. It is a non-destructive and analytical technique for the identification of different solid and
crystalline substances which is based on constructive interference of monochromatic X-rays on inter-

planer surfaces of the crystalline sample.
Size, shape, and surface morphology

For the determination of size, shape, and surface morphology of synthesized Co-NPs and Co-
Met complex, scanning electron microscopy was conducted. Briefly, particles were first dried by
using vacuum and then covered with a layer of gold (10mm thickness) by using Q150 Ea- Quorum
Sputter coater and then examined by using MIRA-3 Scanning electron microscope (Tescan FE, Brno,

Czech Republic) at Institute of Space Technology, Islamabad
Elemental composition of prepared particles

Energy dispersive spectroscopy (EDS) is a chemical microanalysis technique used in
conjunction with scanning electron microscopy (SEM). The elemental composition of the samples
was determined by using the EDS detector attached to the MIRA-3 Scanning electron microscope

(Tescan FE, Brno, Czech Republic)
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Phase I1:

Purchase, transportation, and acclimatization of fish

Mabhseer (Tor putitora) fingerlings (weight range=6.36+0.54g) were procured from the
Mabhseer Fish Seed Hatchery, Garyala, District Attock and transported live in well-aerated plastic
bags to the Aquaculture Research Station at Quaid-i-Azam University, Islamabad and after
tempering, they were shifted to circular fiberglass tank (500 Gal.) having a flow-through system and
acclimatized there for a week before the initiation of feeding experiment. During acclimatization,

fingerlings were provided a 40% crude protein basal diet.
Diet preparation

The feed was prepared by adopting the same method mentioned previously (experiment 1;
section Materials and methods). Briefly, three groups of feed, i.e., without Co supplement,
supplemented with increasing level of Co-NPs and Co-Met complex respectively were formulated
(Table 1). The dosage levels of Co-NPs and Co-Met complex were the same as used for the
determination of optimal dietary cobalt supplementation level in advanced fry of T. putitora
(Experiment. 1). After formulation, the respective diets were prepared by mixing dried ingredients
with the help of a small scale local made feed mixer. Afterward, the dough was prepared by adding
oil and a small amount of water, then spaghetti was prepared by passing the dough through a small
meat grinder. The prepared feed was oven-dried at pre-set 60°C. Subsequently, a handheld pestle
motor was used to grind the dried feed to make crumbled feed pellets and saved in zip lock bags.

Fresh feed was prepared after every 15 days.
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Phase 11

Experimental Design

Two sets of completely randomized 90 days feeding experiments, one for Co-NPs and the other

for Co-Met complex were designed and conducted in triplicate.

Experiment A

Figure 31. Experimental design to evaluate the effect of graded levels of Co-NPs supplemented

diet on T.putitora fingerlings

For the feeding trial, the acclimatized fingerlings of mahseer (average body weight= 6.36+

0.54g) were netted from a circular tank and stocked in twenty-one (21) rectangular fish rearing
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fiberglass tanks (capacity; 50 Gal.) at a stocking density of 1.2 g/L (26 fish/ tank). After shifting, fish
were again acclimated to their respective tanks for 3 days. The tanks had a well-fitted aeration system
to maintain a dissolved oxygen level in water up to 6.0 mg/L and water heaters to keep the water
temperature at an optimal level, i.e., 22.5°C. The tanks were divided into seven groups having three

replicates in each group and 26 fish in each tank.
Feeding practices

During the feeding trial, fingerlings were fed a basal diet without Co supplement to the control
group (NO), while experimental groups N1—N6 were fed diets containing an increasing level of Co-

NPs (0.5-3mg/kg with 0.5mg/kg increment).

At the start of the experiment, fish were fed at the rate of 4% of body weight twice a day, i.e.,
9:00 am, and 4:00 pm. The feeding rate was adjusted fortnightly and 2% body weight by the end of
experiment. Daily, the unconsumed feed was removed after 2 hours of feeding while the fish fecal
matter was also collected after 24 hours of feeding by siphoning, filtered, and collected separately for
later calculation of FCR. After siphoning, the volume of water was adjusted by adding fresh water to
the tanks. During the experiment, water quality parameters like temperature (°C), pH, and dissolved
oxygen (mg/L) were checked by using Multi-parameter Hanna HI 9829-01102 (Woonsocket, USA),
while dissolved ammonia was checked weekly by using the ammonia Kit (H13824. ROMANIA).
The feeding trial proceeded for 90 days, during which temperature and DO levels fluctuated slightly,
i.e., temperature + 0.2°C and DO level + 0.35 mg/L, while total ammonia remained <0.5 mg/L. The
feeding trial was conducted under controlled conditions, therefore all experimental tanks did not show
any noticeable difference in water quality parameters. All experimental procedures were conducted
after the approval of the Animal Welfare Committee of Quaid-i-Azam University (BEC-FBS-67-

QAU-2017).
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Growth performance

At the end of the feeding trial, i.e., after 90 days, fish were starved for 24 hours before
sampling. On the day of sampling, fish from each tank were collectively captured by using a scoop
net and weighed on a top-loading balance (SHIMADZU-ELB3000, Japan), and counted for
determining growth performance. The standard formulas reported previously were adopted for

determining growth performance and feed conversion ratio (Amir et al., 2018; Younus et al., 2020)
Sample collection

For hematological analysis, fish were anesthetized with buffered MS222 (0.1mg/L buffered
with Na>COs3) and blood from each group was collected by the procedure reported earlier (Ahmed et
al., 2020). Briefly, blood from each group of fish was drawn from the caudal vein by using 1-2 ml of
syringes connected to a 22-gauge needle (Becton, Dickinson and company ©2006) and stored in
purple top EDTA tubes (VACUETTE® Liuyang Sanli Medical Technology Development Co.
Ltd.).To obtain enough samples for hematological analysis, the blood of 2 fish from each tank was
collected in the same EDTA tube (pool of 2 fish =1 sample, i.e., 3 sample/tank, or 9 samples/

treatment.

Similarly, by adopting the same procedure, the blood of 18 fingerlings/treatment was drawn
and stored in heparinized Eppendorf tubes for obtaining plasma. To get enough samples, the blood of
2 fish from each tank was collected in the same collecting tube (3 samples/tank: 9 samples/ treatment).
For serum, the blood of 18 fish/treatment (pool of 2 fish: 3samples/tank: 9 sample/ treatment) was
drawn from a caudal vein by using 1-2 ml of syringes connected to a 22-gauge needle (Becton,
Dickinson and company ©2006) and collected in an Eppendorf tube (without any coagulant). The
blood was allowed to clot for 60 minutes at room temperature for obtaining serum. The fresh

heparinized blood was used for respiratory burst activity (2 samples/tank; 6samples/treatment).
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After drawing blood, fish were aseptically dissected on an ice bag and the alimentary canal
was removed. For intestinal enzyme analysis, the guts of 3 fish from the same tank were pooled (9
sample/treatment), frozen in liquid nitrogen, and stored at -20°C. Subsequently, the 6fish / tank was
stored for the analysis of proximate composition. To get enough muscle samples, tissues of 3 fish
were pooled (6 samples/treatment). The muscle of 6 fish/treatment was also collected for metal

bioaccumulation analysis.
Collection of blood plasma

Plasma was obtained by centrifuging heparinized blood samples at 3000 rpm (SCILOGEX
LLC) for 15 minutes. The obtained transparent plasma of each sample was stored in separate

collecting tubes and saved at 4°C.
Collection of blood serum

The serum was collected by centrifuging the clotted blood at 2,000 (SCILOGEX LLC) rpm
for 10 minutes. After centrifugation, the supernatant (serum) was collected in a separate Eppendroff

tube and saved at 4°C
Hematological Indices

Hematological indices, i.e., erythrocytes (RBCs), hemoglobin (Hb), HCT % (hematocrit
value), MCV (mean corpuscular volume), MCH (mean corpuscular hemoglobin), and (MCHC
corpuscular hemoglobin concentration) were determined by using a hematology analyzer (Sysmex

XS 8001, Japan).
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Aspartate aminotransferase activity AST activity

Aspartate aminotransferase activity (AST) was determined with the help of an AST/GOT kit

(AMEDA Laborodiagronstiks GmBH Austria).

Briefly, 100ul of serum was taken in a clean Eppendorf tube and mixed with 910ul of reagent
A and 90ul of reagent B. After adding both reagents, the mixture was gently mixed and incubated at
37°C for 1 minute. Subsequently, the absorbance of the mixture was measured with the help ofa UV-
visible spectrophotometer (Model; Agilent 8453, Japan) by fixing wavelength at 340 nm. The

absorbance was noted after every 1 min for 3 times. The AST activity was expressed in U/L
Immunological Indices
Total plasma protein

Total plasma protein was determined by adopting Lowry’s method (Lowry et al., 1951).
Bovine serum albumin (BSA) was used as a standard for the determination of protein concentration
of plasma. At first, the BSA stock solution was prepared by dissolving Smg of BSA in 5ml of distilled
water. Then, a standard curve was plotted from the protein concentration of BSA, i.e., 5%, 10%, 15%,

20%, 25%, and 30%.

The following solutions were prepared before the initiation of protein estimation.
Solution 1:

a) 2% Sodium carbonate (w/v: 2g in 100 ml distilled water)

b) 0.1 N Sodium hydroxide (w/v: 4g in 1000 ml H,0)

After that, 50ml of solution (a) was mixed with 50ml of solution (b) to make solution 1.
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Solution 2

(c) 1.56% copper sulfate (w/v: 1.56g in 100 ml H,0)

(d) 2.37% of Sodium-Potassium Tartrate (w/v: 2.37g in 100 ml of water)

After that, 10ml of solution (c) was mixed with 10ml of solution (d) to make solution 2

Solution 3

Folin Phenol: water (v/v: 1:1)

Solution 4 (Alkaline Solution)

It was prepared by mixing 2ml of solution 2 and 100 ml of solution 1

Briefly, 0.1ml BSA dilution was taken in a clean test tube, and 1ml of alkaline solution 4 was
added and incubated at room temperature for 10 minutes. After incubation, 1ml of solution 2 was
added to it and vortexed. Then the mixture was incubated at room temperature for 30minutes and
afterword absorbance was measured by using a UV-visible spectrophotometer (Agilent 8453, Japan)
adjusted at 600nm. A standard calibration curve was made by plotting absorbance at Y -axis and BSA

dilutions on X-axis.

The protein content of plasma was determined by following the same protocol. The
absorbance of unknown samples (plasma) was noted and their concentrations were determined with

the help of a standard curve.
Plasma Immunoglobulin (IgM)

Plasma immunoglobulin was determined by adopting Anderson et al. (1995) protocol. Briefly,
100ul of plasma was mixed with 0.1 ml of 12% polyethylene glycol solution and incubated under
constant shaking (New Brunswick™ Innova® 43, 230, CAT# M1320-0002) for 120 minutes at room

temperature. After incubation, the mixture was centrifuged at 7000 rpm (SCILOGEX LLC) for 10
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minutes and the supernatant was collected in a separate Eppendorf tube. The protein content of the
supernatant was calculated by following Lowry’s method as mentioned above. Subsequently, total

immunoglobulin IgM was calculated by using the following formula:
Plasma IgM (mg/ml) = Total plasma protein — protein content of supernatant
Lysozyme activity

Lysozyme activity of serum was determined by adopting Siwicki (1995) method, using hen
egg-white lysozyme (lyophilized powder, Sigma-Aldrich, > 40,000 units per mg of protein) as
standard. Briefly, 100ul serum was taken in a test tube and mixed with 900 pl of 0.75mg/l
of Micrococcus lysodeikticus suspension in phosphate-buffered saline; pH 6.2 (Sigma-Aldrich,
USA). The tube was shaken well to mix the serum with bacteria. Afterward, absorbance was
measured at 450 nm with the help of a UV- visible spectrophotometer (Agilent 8453, USA) after one-

minute intervals for 10 minutes.
WBC'’s counting

White blood cell count (WBCs) of 9 fingerlings/treatment was determined by adopting a
method reported by Khan et al. (2017). Briefly, WBC’s were counted by mixing 400 pL of
commercially available WBCs solution with 20ul of blood and counted by using a Neubauer

hemocytometer under the light microscope (100X)
Respiratory burst activity

The respiratory burst activity was determined by adopting Anderson and Siwicki (1995) nitro
blue tetrazolium (NBT) assay as reported earlier (Younus et al., 2020). It measures by the reduction
of NBT to formazan as a measure of the production of reactive oxygen species in blood. Briefly,

0.Iml of heparinized blood was taken in clean Eppendroff and mixed with 0.1ml of 0.2% NBT
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(Sigma, USA) solution and incubated for 30 minutes at 25 °C. After incubation, 0.05ml of the above
solution was taken in a glass tube and 1 ml of N-N di-ethyl methyl formamide solution was added to
it and then centrifuged at 3000 rpm (SCILOGEX LLC) for 5 minutes and supernatant of each sample
was collected in separate test tubes. The absorbance of the supernatant was measured at 540 nm by
UV- visible spectrophotometer (Agilent 8453, USA). To standardize the results, distilled water was

used as blank.
Challenge test

Challenge test was conducted by adopting the same protocol as reported earlier (Younus et
al., 2020) and pathogenic strain of Aeromonas hydrophila isolated from an infected L. rohita at
National Veterinary Laboratory Islamabad. Briefly, at the end of the feeding trial, 15 fish/treatment
were used for conducting the challenge test. Each group of fish was placed in a separate tank, well
equipped with a water heater and air stones for maintaining temperature (22.5°C) and DO level at 6
mg/L. Fish were acclimatized in their respective tanks for 3 days before the start of the challenge test
and injected with freshly cultured Aeromonas hydrophila. Briefly, each fish was injected with a
bacterial suspension intraperitoneally (IP) at the rate of 100 CFU/g of fish. Everyday fish were
observed for disease symptoms and their mortality was recorded. Two days after the exposure of fish
with pathogenic bacteria, they were fed till satiation daily with their respective diets. The post-
challenge cumulative mortality curve was plotted in graph pad prism by observing the mortalities in

the control and experimental groups of fish during 20 days.
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Intestinal enzyme activities

For intestinal enzyme analysis, enzyme solution and phosphate buffer were prepared.

Preparation of 0.1 M phosphate buffer

Briefly, 2.27g of Monosodium phosphate (NaH>PO4) and 22.38¢g of sodium phosphate dibasic
heptahydrate (NaxHPO4.7H>0O) were dissolved in 100ml of distilled water to make 0.1 M phosphate

buffer; pH=7.5.

For the quantitative assay, 1g pooled intestine was taken in a clean tube and homogenized in
10ml of chilled phosphate buffer saline with a handheld electric homogenizer (VWR power 200).
After homogenization, samples were centrifuged at 10,000 rpm (SCILOGEX LLC) for 10 minutes at

4 °C. Clear supernatant ‘enzyme solution’ was collected in collecting tubes and stored at -20°C.

Protein estimation

Intestinal protein content in the samples of each group was determined by adopting Lowry’s
method as described above. BSA dilutions were used for the preparation of a standard curve and

estimation of protein in each sample

Protease Activity

Preparation of assay solutions

All analytical grade chemicals (Sigma —Aldrich) were purchased from a local supplier

e 0.65% (w/v) of casein solution. It was prepared by dissolving 0.65g of technical grade casein
(Sigma-Aldrich) in100 ml of 50mM of KH>PO4 buffer (pH 7.5) and then stored at 37°C for 5

minutes.
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e 110 mM Trichloroacetic Acid (v/v). The solution was prepared by diluting 9ml of
Trichloroacetic acid (6.1 N stock solution; Sigma-Aldrich, CAS# 76-03-09) in 500ml of

deionized water.

e 0.5M Folin & Ciocalteu’s Phenol Reagent (v/v): It was prepared by mixing 10 ml of Folin &

Ciocalteu’s Phenol in 40ml of deionized water.

e 500mM solution of Na,COs: It was prepared by dissolving 35.29¢g of sodium carbonate in 100

ml deionized water.

Briefly, 1ml of the above-prepared enzyme solution was taken in a clean glass tube and 5ml of
casein solution was added and incubated at 37°C for 10 minutes. After that, the reaction was stopped
by adding 5ml of the trichloroacetic acid solution and incubated at 37°C for 30 minutes. After
incubation, the solution was cooled at room temperature for 30 minutes and then filtered by using
Whatman filter paper. In the next step, 2ml of the above obtained filtered solution was taken in a
clean glass test tube and 1ml of prepared folin & Ciocalteu’s Phenol reagent was added. In the final
step, Sml of a sodium carbonate solution was added to the test tube and the solution was incubated at
37°C for 30 minutes. After incubation, the absorbance of the reaction mixture was measured at 660nm

using a UV-visible spectrophotometer (Agilent, 8453, USA).
Amylase Activity

One amylase unit is the amount of enzyme in 1ml of the filtrate which can release 1pg of

reducing sugar (glucose) per minute.
Solution preparation for assay

Starch solution (w/v): Briefly, 1g of powdered starch (Sigma-Aldrich; CAS#9005-84-9) was

dissolved in 100 ml of distilled water in a glass beaker.
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DNS- reagent (w/v): it was prepared by taking 1g of 3, 5-dinitro salicylic acid and dissolved in 20ml

of 2.0 M NaOH solution under constant magnetic stirring (Magnetic Stirrer; ATO-HS-19). Then, 30g
sodium potassium tartrate was slowly added to the reaction mixture. In the final step, distilled water
was added to the mixture to make the final volume of 100ml. Prepared dark orange-colored DNS

reagent was stored at room temperature.

Briefly, 0.5ml of frozen intestinal enzyme solution was taken in a clean test tube and placed
at room temperature for 5 minutes. Then, 500ul of the starch solution was added to it and kept at
room temperature for 3 minutes. In the next step, 1ml of DNS reagent was added and incubated for 5
minutes in boiling water. After incubation, the solution was cooled at room temperature, and 100ml
of reagent grade water was added to it. The absorbance of the solution was measured at 450nm with

the help of a UV-visible spectrophotometer (Agilent 8543, USA).
Cellulase Activity

Cellulase enzyme activity was measured by the usage of Carboxymethyl- cellulose (CMC) as

a substrate and estimation of released glucose.
Solution preparation for assay

Citrate Phosphate buffer: It was prepared by dissolving 0.307g of citric acid monohydrate

(Sigma-Aldrich, CAS# C1909) and 2.932¢g of sodium phosphate (Sigma-Aldrich, CAS#S9763) in
100ml of distilled water under magnetic stirring (Magnetic hot plate Stirrer; ATO-HS-19). The final

desired pH=5 of a solution was adjusted with HCl or NaOH

1% Carboxy-methyl-cellulose solution (w/v): It was prepared by taking 1g of CMC and dissolved in

100ml of distilled water under magnetic stirring at 40 °C.
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40% sodium potassium tartrate (w/v): 40g of sodium-potassium tartrate (Sigma-Aldrich, CAS

#217255) was dissolved in 100ml of water.

Briefly, 1ml of enzyme solution was taken in a clean glass test tube and mixed with 1ml of
CMC solution and 1ml of citrate phosphate buffer and incubated for 30 minutes in a water bath at
50°C. After incubation, 3ml of DNS reagent was added and again heated for 15 minutes in a water
bath. In the final step, 1ml of sodium-potassium tartrate solution was added and cooled the solution
at room temperature. The absorbance of the solution was measured at 540nm using a UV-visible

spectrophotometer (Agilent 8543, USA).
Muscle proximate composition

Proximate composition of the muscle of different groups of fish was determined by adopting
a standard AOAC (2000) protocols at the ISO-certified laboratory (ISO/IEC 17025), Poultry Research
Institute, Islamabad. The same protocol was followed for proximate composition as mentioned in
experiment 1(Material and methods section). Briefly, muscle %crude protein and % fat contents were
determined via the Kjeldahl and Soxhlet extraction technique respectively, while the crude %ash

content was determined by heating the sample in a muftle furnace at 550°C.
Metal bioaccumulation

For metal bioaccumulation analysis, the same protocol as mentioned before in Experiment 1

(Material and methods section) was adopted.

Briefly, 1g of muscle sample (6 samples/treatment) was taken in a flask and digested on a hot-
plate in the presence of nitric acid (5ml) and perchloric acid (1ml). After digestion, the obtained clear
solution was cooled at room temperature and filtered by using filter paper. Afterward, S50ml distilled

water was added to the filtrate and Atomic absorption spectroscopy (AA240FS, Palo Alto, CA, USA)
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was conducted to determine iron, manganese, and cobalt concentration in the muscle of control and

experimental groups of fish.

Experiment B

Figure 32. Experimental design to evaluate the effect of graded levels of Co-Met complex

supplemented diet on T.putitora fingerlings
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A similar set of experiment was designed by replacing the Co-NPs supplementation with the
Co-Met complex. Briefly, fish were stocked in a set of twenty-one (21) rectangular fish rearing
fiberglass tanks at the stocking density of 1.2g/L (26 fish/tank). Feeding trial was also conducted in

controlled conditions i.e., DO up to 6.0 mg/L and water temperature 22.5°C.
Feeding practices

During the feeding trial, fingerlings were fed a basal diet without Co supplement to the control
group (MO0), while experimental groups M1—M6 were fed diets containing an increasing level of Co-

Met (0.5-3mg/kg with 0.5mg/kg increment).

At the start of the experiment, fish were fed at the rate of 4% of body weight twice a day, i.e.
9:00 am, and 4:00 pm. The feeding rate was adjusted fortnightly and 2% by the end of experiment.
Daily, the unconsumed feed was removed after 2 hours of feeding while the fish fecal matter was also
collected after 24 hours of feeding by siphoning, filtered, and collected separately for later calculation
of FCR. After siphoning, water volume was adjusted by adding fresh water to the tanks. During the
experiment, water quality parameters like temperature (°C), pH, and dissolved oxygen (mg/L) were
checked by using Multi-parameter Hanna HI 9829-01102 (Woonsocket, USA) while dissolved
ammonia was checked weekly by using the ammonia Kit (H13824. ROMANIA). The feeding trial
proceeded for 90 days, during which temperature and DO levels fluctuated slightly, i.e.,
temperature+0.2°C and DO level+0.35 mg/L, while total ammonia remained <0.5 mg/L. No
noticeable difference in water quality parameters were observed in all experimental tanks as the
feeding trial was conducted under controlled conditions. All experimental procedures were conducted
after the approval of the Animal Welfare Committee of Quaid-i-Azam University (BEC-FBS-67-

QAU-2017).
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Growth performance

At the end of the feeding trial, i.e., after 90 days, fish were starved for 24 hours before
sampling. On the day of sampling, fish from each tank were collectively captured by using a scoop
net and weighed on a top-loading balance (SHIMADZU-ELB3000, Japan), and counted for
determining growth performance. The standard formulas reported previously were adopted for

determining growth performance and feed conversion ratio (Amir et al., 2018)
Sample collection

Blood for hematological analysis, and for obtaining serum and plasma was collected by

adopting the same protocol as described previously.

After drawing blood, fish were aseptically dissected on an ice bag and the alimentary canal
was removed. For intestinal enzyme analysis, the guts of 3 fish from the same tank were pooled (9
sample/treatment), frozen in liquid nitrogen, and stored at -20°C. Subsequently, 6fish /tank were
stored for the analysis of proximate composition. To get enough muscle samples, tissues of 3 fish
were pooled (6 samples/treatment). The muscle sample of 6 fish/treatment was also collected for

metal bioaccumulation analysis.
Samples analysis

Hematological indices, AST activity, immunological indices, intestinal enzyme activities,
muscle proximate composition, challenge test, and bioaccumulation of Fe, Mn, and Co in the muscle

of fish were determined adopting the protocol mentioned previously.
Data analysis

Statistical package program SPSS (version 20) was used to analyze the obtained results to

find out the statistical differences among experimental groups in response to Co-NPs and Co-Met
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complex supplemented diets at different dosage levels. Data were analyzed by adopting a One-way
ANOVA followed by LSD test to determine the significant differences (P < 0.05) among different
groups of T. putitora for growth performance, hematological indices, immunological indices,
intestinal enzymes, proximate composition, and bioaccumulation level of iron, cobalt, and manganese

in the muscle.
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Phase III:

Comparative effect of graded levels of different chemical forms of

dietary cobalt on T.putitora fingerlings

In the IIT phase of study, we conducted a statistical analysis to study the comparative effect
the graded levels of different chemical forms of dictary cobalt on T.putitora fingerlings. Since both
sets of feeding trials i.e., Experiment A (dietary Co-NPs) and Experiment B (dietary Co-Met
complex) were conducted by stocking similar-sized fingerlings under similar controlled conditions,
so results obtained from both experiments were analyzed by adopting two-way ANOVA using the
statistical package program SPSS (version 20). We analyzed the effect of different chemical forms of
cobalt, at different supplementation levels in the diet and the interaction of two variables i.e., chemical
form and dosage levels on growth, hematological indices, immunological indices, intestinal enzyme

activities, proximate muscle composition, and bioaccumulation of Fe, Mn, and Co in the muscle of

fish.

113



CHAPTER 4

Evaluation of the practical application of organic and
inorganic forms of cobalt supplemented diets on

T.putitora



MATERIAL AND METHODS

The practical application of dietary cobalt—-methionine complex Co-Met (organic) and nano-scale
cobalt chloride Co-NPs (inorganic) as feed supplements was evaluated by conducting 90 days feeding
trial in earthen ponds under semi-intensive culture conditions. A completely randomize feeding
experiment in triplicate was designed based on of results obtained in experiment 2. Two
supplementation levels of cobalt, i.e., 1.5mg and 3mg Co/kg of diet as Co-NPs and Co-Met complex
were selected. Dry feed ingredients were obtained from local suppliers and 35% crude protein feed

was formulated (Table 20). Experimental groups were as follows:

. . el
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Figure 33. Experimental design to study the effect of Co-Met complex (organic) and nano-scale

cobalt chloride Co-NPs (inorganic) supplemented diets on T.putitora cultured in earthen ponds
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Table 20. Formulation of 35 % crude protein feed for Tor putitora.

Ingredients Quantity(g/kg)

White fish meal 400

Soybean meal 133.3
Sunflower meal 133.3

Gluten 133.3

Rice polish 90

Wheat bran 90

CMC? 10

Vitamin premix® 10

Proximate composition (%)

Gross energy ( k calories)

2751.37
Crude protein 34.68
Crude fat 11.23
Ash 9.16

a b . . . S . . . .
Carboxy-methyl-cellulose; = Vitamin premix contains vitamins, amino acids and minerals premix/100g

Control and experimental diets, i.e., control (CMM) devoid of Co supplement, TN1 and TN2
diets supplemented with 1.5 and 3 mg of Co as Co-NPs per kg diet respectively while TM3 and TM4
diets supplemented with similar levels of Co but as Co-Met complex, were prepared by methods
described in detail in the previous section (Section, Material and method; feed formulation mentioned
in table 20). Briefly finely ground feed ingredients along with Co-NPs and Co-Met supplement in the

specific ratio were thoroughly mixed in feed mixer. Then the dough was prepared by adding oil and
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water and then passed through the fish feed pellet machine (HDC-P120; Wuhan HDC Technology

Co., Ltd. China) to make pellets. Fresh feed was prepared after every 15 days.
Fish collection and management

T. putitora (average size range= 13-17g) were purchased from Mahseer Hatchery Garyala
Attock Pakistan. They were transported live in well-aerated plastic bags to the Fisheries and
Aquaculture research station Quaid-i-Azam University, Islamabad and after tempering, shifted
randomly to circular fiberglass tanks (capacity each 500Gal.) having a flow-through system and
acclimatized there for a week before initiation of feeding experiment. During acclimatization, fish

were provided a 35% crude protein basal diet.
Preparation of earthen ponds

Rectangular fish ponds (average size 0.012ha or 120m2; 1.75m depth), present adjacent to
each other at Fisheries and Aquaculture research station were prepared for the feeding trial. The ponds
were prepared by following the method reported earlier (Amir et al., 2019). Briefly unwanted aquatic
weeds were removed from the bottom and sides of the ponds and they were sun-dried for 7 days.
Before filling the water, each pond was prepared by spreading agriculture lime (calcium carbonate)
at a rate of 125 kg/ha and cow dung at the rate of 333.33kg/ha to the bottom of the dried pond. The
lime was applied for disinfection and stabilization of pH, while animal manure was used to fertilize
the pond and enhance pond productivity. Afterward, all ponds were filled with water, initially at a
level of 1.1 meters. Then inorganic fertilizers (Urea; 0.5 kg/100 m? and Di-ammonium phosphate
(DAP); 0.25 kg/100 m2) were applied to produce a live feed. After 7 days of application of fertilizer,

the water level was raised to 1.5m and fish were stocked.
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Experimental design

A completely randomized feeding experiment was designed in triplicate in earthen ponds
during March 2018-May 2018. Healthy fish of T. putitora (average weight= 15+2.1g) with no sign
of infection or disease were randomly caught from circular tanks and shifted to 15 earthen ponds at a
stocking density of 45 fish/pond) (1500/acre) and acclimatized there for 3 days. Afterward, the
feeding trial was started and each group of fish was provided their respective diets at 2% body weight
once a day (9:00 am) for 90 days. Water quality parameters such as dissolved oxygen, temperature,
pH were daily checked by using a multiparameter (Hanna 9828, Woonsocket, USA) while the
ammonia level was checked once a week. During the experiment, water quality parameters showed
fluctuation but remained within a range suitable for the rearing of T. putitora (Table 20). Since all
earthen ponds were adjacent to each other, so no noticeable change in water quality parameters among
them was observed. Throughout the feeding experiment, pond fertility was checked fortnightly by
using Secchi disc and maintained by adding inorganic and organic fertilizers while water quality and

level were managed by daily adding freshwater at dawn and dusk.

Table 21. Average ranges of water quality parameters throughout the experiment

Parameters Range
Water temperature (°C) 20.1-22.5
Dissolved oxygen (mg/l) 5-6.7

pH 6.9-7.2
Dissolved ammonia (mg/1) <0.5
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Growth measurements

At the end of the feeding trial, i.e., 90 days, fish were starved a day before sampling. On the
day of sampling, one by one outlet of each pond was opened, and the water was drained in the fish
collecting basin for sampling. Fish from each earthen pond were captured separately, weighed on a
top-loading balance (SHIMADZU-ELB3000, Japan), and counted for evaluating the growth

performance by using standard formulas reported previously (Younus et al., 2020; Amir et al., 2018).
Sample Collection

For sampling, fish from each pond were anesthetized with buffered MS222 (0.1mg/L buffered
with Na;COz3). After that, for hematological analysis, the blood of 10 fish/tank (30fish/treatment) was
drawn from the caudal vein by using a 2ml syringe (24G, Becton, Dickinson and company ©2006)
and stored in the purple top EDTA tubes (VACUETTE® Liuyang Sanli Medical Technology

Development Co. Ltd.) (Duman et al., 2019).

Similarly, by adopting the same procedure, the blood of the other 10 fish/pond was drawn and
stored in heparinized Eppendorf tubes for obtaining plasma, while the blood of 10 more fish/tank (30
fish/treatment) was drawn from the caudal vein by using a non-heparinized syringe and allowed to
clot at room temperature for obtaining serum. Afterward, the fish of each group were dissected
aseptically, and internal visceral organs were removed. Muscle tissues of 10 fish/pond
(30fish/treatment) were collected and stored at 4°C for proximate analysis while for muscle amino
acid profile, muscle tissues of 5 fish/pond were pooled (3 sample/treatment) and stored at -20°C till
further use. Moreover, for nutrigenomics studies, anesthetized fish from each treatment (6
fish/treatment) i.e., common control group (CNM), TN1, TN2, TM3, and TM4 were dissected at low
temperature (on ice pad) and their muscle and liver were immediately collected and preserved in RNA

later™ (Thermo scientific CAT# AM7020).
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Collection of blood plasma

Plasma was obtained by centrifuging heparinized blood samples at 3000 rpm (SCILOGEX
LLC) for 15 minutes. The obtained transparent plasma of each sample was stored in a separate

collecting tube and saved at 4°C.
Collection of blood serum

The serum from whole blood was separated by centrifuging the clotted blood at 2,000 rpm
(SCILOGEX LLC) for 10 minutes. The supernatant (serum) was collected in a separate Eppendorf

tube and saved at 4°C
Hematological indices

Hematological indices, i.e. erythrocytes (RBCs), hemoglobin (Hb), HCT % (hematocrit
value) and MCV (mean corpuscular volume), MCH (mean corpuscular hemoglobin) and (MCHC
corpuscular hemoglobin concentration) were determined by using a hematology analyzer (Japan,

Sysmex XS 8001) as described in Experiment 2.materials and methods section
Aspartate aminotransferase activity AST activity

Serum aspartate aminotransferase (AST) activity of 10 fish/pond (30fish/treatment) was
determined with the help of AST/GOT kit (AMEDA Laborodiagronstiks GmBH Austria) as

mentioned in experiment 2 (Material and Method section).
Alanine aminotransferase activity (ALT)

Serum alanine aminotransferase (ALT) activity of 10 fish/pond (30fish/treatment) was

determined with the help of-052 kit (Sigma-Aldrich).

ALT activity (Nanomole/min/ml)=Amount of enzyme that generates 1.0 nanomole of

pyruvate/minute.

119



MATERIAL AND METHODS

Before the initiation of the ALT assay, all reagents were placed at room temperature (as they
are supplied frozen and kept at low temperature). Subsequently, 5 ml of the master mix was prepared
by mixing salt Assay buffer (4.3ml) with fluorescent peroxidase substrate (100uL), ALT substrate

(500uL) and, ALT enzyme mix (100uL).

Briefly, after the preparation of the reaction mixture, 10 uL of each plasma sample was mixed
with ALT buffer (10 uL) and then added to the 96-welled microplate. Afterward, the master mix
(100uL) was added to each well and mixed well by placing the microplate on a horizontal shaker
(Thomas scientific; Model # 8289563). Afterward, absorbance was measured initially at 570 nm, then
further absorbance readings were taken by incubating microplate at 37°C and taking reading after
every 5 minutes for 20 minutes. The change in absorption was measured by using the following

formula:
AA570 = A570 (Final) - A570 (Initial)
Immunological indices

Immunological indices, i.e., white blood cell count, plasma protein, plasma immunoglobulin
level, lysozyme activity, and respiratory burst activity (from fresh blood; 10 fish/pond

(30fish/treatment) were determined by adopting the protocol mentioned above.
Phagocytic activity

The Phagocytic activity of heparinized blood of control and experimental groups of fish was
determined by following the procedure reported by Anderson and Siwicki (1995) and reported in our

publication (Younus et al., 2020).

Briefly, 100ul of blood was placed in a micro-well plate. Afterward killed S. aureus (100uL)

was added to it and then the plate was placed at room temperature for half an hour. Later on, after
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incubation, glass slides were prepared by taking SuL of the incubated solution, and a smear was
prepared. The smear was air-dried, then fixed in 95% ethanol for five minutes, and then air-dried

again. In the last step, the smear was fixed with a Giemsa stain.

Glass slides were then visualized under the light microscope and phagocytic cells that had
ingested bacteria were counted. Overall hundred phagocytes/slide was observed to determine their

phagocytic activity.

Phagocytic activity = Total No. of phagocytes with engulfed bacteria x100

Total No. of phagocytes observed

Muscle proximate composition

Proximate composition of muscle tissues of different groups of fish was determined by
adopting a standard AOAC (2000) protocols at the ISO-certified laboratory (ISO/IEC 17025), Poultry
Research Institute, Islamabad. Briefly, crude protein was determined by the Kjeldahl technique while
Soxhlet extraction was used for the determination of crude fat content. The crude ash content of
muscle tissues was determined by a heating sample in a muffle furnace at 550°C. The detailed

protocols are mentioned in experiment 1 (Section, Materials, and methods).
MyoD, MyoG and HSP-70kDa mRNA levels

RNA was extracted from the liver and muscle samples and then cDNA was prepared by
adopting the protocol mentioned in experiment 1; material and method section). Similarly, the mRNA
levels of MyoD and MyoG in the muscle and HSP-70KDa in the liver of each group of fish was

determined by the method described before (Experiment 1; Section, Materials, and methods)
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Muscle amino acid profile

High-performance liquid chromatography (HPLC: CBM-20A, Shimadzu, Japan) amino acid-
based analyzer available at the Medical Botanical Center of PCSIR (Pakistan Council of Scientific

Research) Complex, Peshawar was used for the amino acid profile

Sample preparation

For amino acid profile, 50g frozen muscle tissues from each group of fish were thawed, dried
in a vacuum oven (Fisher brand™ Isotemp™ Model 282A Vacuum Oven), and then weighed on an
analytical balance (SHIMADZU-ELB3000, Japan). After drying, muscle tissues were powdered
using glass pestle and motor and shifted in a clean dried glass tube. Subsequently, Sml of HCI (0.1%)
was added, vortexed for 2-3 minutes, and then centrifuged for 15 minutes at 3500 rpm (SCILOGEX
LLC). The supernatant was collected in a fresh sterile Eppendorf and filtered by passing through a
0.45pum membrane filter (Shimadzu, Japan, CAT# 670-12540-01). The obtained supernatant was then

used for amino acid profile analysis.

Preparation of reaction solutions

Preparation of Borate buffer solution

It was prepared by dissolving 40.7g of sodium carbonate (Na2CO3) and 13.57g of Boric acid

(H3BO:3) in 600 ml of deionized water. The solution was mixed thoroughly to make it clear.

Reaction solution A

The reaction solution A was prepared by dissolving 0.2ml of Sodium hypochlorite solution in
500 ml of borate buffer. The solution was mixed thoroughly and filtered by passing through 0.45pum

membrane filter paper (Shimadzu, Japan, CAT# 670-12540-01).
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Reaction solution B

The reaction solution B was prepared by dissolving 0.4g of ortho-phthalaldehyde-OPA C¢Ha
(CHO) 2 in 7ml of ethanol (CH3CH>OH). In the next step, 450ml of previously prepared borate buffer
solution was taken in a glass flask and the OPA - ethanol solution was mixed in it. Subsequently, 0.5g
of N-Acetyl-L-cysteine (CsHoNO3S) was added to the above solution and mixed well by manual
shaking, and made a homogenous solution. In the final step, impurities were removed by filtering the

reaction mixture through 0.45um membrane filter paper.
Preparation of mobile phase ‘A’

For mobile phase A, 19.6g of Tri-ammonium citrate (C¢H17N307) was dissolved in 600ml of
double-distilled water in a volumetric flask. Then, 70ml of ethanol (CH3CH>OH) and 7.8ml of
Perchloric acid HCIO4 (20mM) was added to the above solution and mixed the solution by slightly
shaking the flask. Afterward, double-deionized water was added to make the final volume up to 1L.

The pH (3.2) of the mobile phase was adjusted with 20mM Perchloric acid.
Preparation of mobile phase ‘B’

For mobile phase B, 12.4g of boric acid and 58.8g of citrate tribasic was dissolved in800ml
of double-distilled water. Afterward, 25ml of sodium hydroxide (4.0N) was added to the above
solution and then water was added to make the final volume of 1L. Here, NaOH (4.0N) was used to
adjust the pH of the reaction mixture at 10. In the final step, the reaction mixture was filtered by

passing through filter paper (pore size, 0.45um: Shimadzu, Japan, CAT# 670-12540-01).
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Preparation of mobile phase ‘C’

For mobile phase C, 0.2N NaOH solution was prepared by dissolving 8g NaOH in 1L of H>O.
The solution was then filtered by using membrane filter paper having a pore size of 0.45 pum

(Shimadzu, Japan, CAT# 670-12540-01).
High-pressure liquid chromatography (HPLC)

Amino acids were analyzed by using post-column derivation with ortho-
phthalaldehyde. Briefly, 20ul of a sample (filtered supernatant) was injected in high-pressure liquid
chromatography (Shimadzu Japan) having sodium-based column (Shim-pack ISC-07/S1504;
4.00mm internal diameterx1.5cm) and Spectrofluoro-photometric detector (Excitation350nm,
emission 450nm; (RF-20A Fluorescence Detector, Shimadzu Japan). The flow rate 0.3ml/minute and
temperature 55°C were adjusted and amino acids were separated by using mobile phase A and B.
After separation, amino acids were spelled out from the column. In the final step, the post-column
derivatization was initiated, and after that complex was passed through the cuvette to detect the

concentration of different amino acids in the sample.
Data Analysis

Results were analyzed by using statistical package program SPSS (version 20) by using one
way ANOVA followed by LSD to find out the effect of organic and inorganic forms of dietary cobalt
at different dosage level on growth performance, hemato-immunological indices, proximate muscle
composition, amino acid profile and mRNA levels of MyoD, MyoG in muscle HSP-70KDa in the

liver of different groups (CNM, TN1, TN2, TM3, and TM4) of T. putitora.
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CHAPTER 1

Effect of cobalt supplemented diet on early rearing of

advanced fry of Tor putitora



RESULTS

Growth performance

Cobalt chloride supplemented diets showed a significant effect on the growth performance of
advanced fry of Tor putitora (Table 22). One way ANOVA showed significant difference in final
body weight (n=3, Fe,14=166.07; PSE=0.03; P<0.001), %WG (n=3, Fe,14=816.08; PSE=1.047;
P<0.001), %SGR (n=3, Fe,14=9.915; PSE= 0.55; P<0.001) and AWG (n=3, Fe14=3031.31;
PSE=0.007; P<0.001) among all diet groups of fish. The positive correlation between the dietary
cobalt concentration and the percentage weight gain, i.e., R?=0.889 (Fig.34) was observed up to 2mg
Co/kg diet (group D). However, further increase in cobalt supplementation negatively affected the

growth performance parameter (R>=0.98) (Fig. 35).

Additionally, FCR also showed significant differences (n=3, Fs, 14=6005.59; PSE=0.023;
P<0.001) among all diet groups. The pair-wise comparison showed the highest FCR in the F group

while group D showed the lowest value (Table 22).
Body proximate composition

The effect of graded levels of cobalt chloride enriched diets on whole-body proximate
composition of advanced fry of T.putitora is shown in Table 23. One way ANOVA demonstrated
significant difference in whole body % crude protein (n=9, Fes56=199.75; PSE=0.182; P<0.001), %
crude fat (n=9, Fs5c=987.07; PSE=0.264; P<0.001) and % crude ash (n=9, F¢ 5s=864.25; PSE=0.210;
P<0.001) among all diet groups of fish. The positive correlation (R?>=0.99) between the dietary cobalt
concentration and the whole-body crude protein was observed up to 2mg Co/kg diet (group D) (Fig.
36). However, further increase in the cobalt supplementation level negatively affected the whole-
body crude protein contents. In contrast to protein, crude fat and ash contents showed an increasing
trend with an increase in dietary cobalt concentration (crude fat, R?=0.86, and ash R?=0.85). The post
hoc LSD test indicated the highest values of crude fat (Fig. 37) and ash contents (Fig. 38) in the F

group of fish.
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Muscle metal bioaccumulation

Bioaccumulation of metal in the muscle of advanced fry of T. putitora reared on graded levels
of dietary cobalt is shown in Table 24. One way ANOVA showed a significant difference in the
muscle bioaccumulation of iron (n=3, F¢14=11543.4; PSE=0.001; P<0.001), manganese (n=3,
Fe,14=10.774; PSE=0.0018; P<0.001), and cobalt (n=3, Fe,14=132.09; PSE=0.0001; P<0.001) among
all diet groups of fish. Furthermore, the dietary Co supplementation level indicated a positive
correlation (R? = 9526) with its bio-accumulation (Fig.41), while negative correlation with the bio-
accumulation of Fe (R? = 0.99) and Mn (R? = 9069) (Fig. 39 and 40 respectively) in the muscle of

fish.
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Table.22. Effect of graded levels of dietary cobalt supplementation on the growth

performance of advanced fry of T. putitora

Diet groups Statistical Analysis
Control A B C D E F PSE? P-value F- value
Wi 1350 1.34° 1.34* 135 1.32*° 1.34* 135 0.011 0498 0.95
Wi (g) 2394 241% 246° 2.73° 298 224° 220° 0.03 0.001 166.07
WG (%) 75.73°  78.449 83.61° 103.98" 123.47% 67.77° 64.46% 1.047 0.001 816.08
SGR 0.63%  0.64* 0.68° 0.79° 0.81* 0.58° 0.55° 0.044 0.001 9.915
AWG (g) 1.03¢ 1.06¢ 1.12¢ 139 1.65° 091F 0.862 0.007 0.001 3031.31
FCR 561° 5524 5.13° 4.06° 3328 636" 6.19° 0.022 0.001 6005.59

Data is expressed as average value (n=3). Values with different letters within the same rows are significantly
different (P<0.05). Statistical analysis was done by adopting one way ANOVA followed by LSD.

a=Pooled standard error mean; wf= average final weight of fish; %WG= percentage weight gain;
%SGR=Specific growth rate (% body weight/day); AWG=Average weight gain, FCR= Feed conversion ratio

A= 0.5 mg cobalt/kg diet; B= 1.0 mg cobalt/kg diet; C= 1.5 mg cobalt/kg diet; D= 2.0 mg cobalt/kg diet; E=2.5
mg cobalt/kg diet; F= 3.0 mg cobalt/kg diet.
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Figure 34. Linear regression between dietary cobalt supplementation and %weight gain of

advanced fry of T. putitora
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Figure 35. Inverse relationship between dietary cobalt supplementation above

2mg/kg diet and % WG of advanced fry of T. Putitora
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Table 23. Whole body proximate composition of T. putitora advanced fry after feeding graded levels of cobalt chloride supplemented diets for
90 days

Diet Groups Statistical Analysis
Control A B C D E F SEM? P-value F-value
Crude protein (%) 16.31° 16.90¢ 18.14¢ 18.98° 20.02? 17.01¢ 15.09° 0.182 0.001 199.75
Crude fat (%) 1.53f 1.61° 1.63° 1.82¢ 2.13¢ 2.48° 3.14% 0.264 0.001 987.07
Crude ash (%) 1.56 1.63° 1.65° 1.714 2.06° 2.26° 2.75% 0.210 0.001 864.25

Data is expressed as average value (n=9). Values with different letters within the rows are significantly different (P<0.05). Statistical analysis was done
by adopting one way ANOVA followed by LSD.

a=Pooled standard error mean

A= 0.5 mg cobalt/kg diet; B= 1.0 mg cobalt/kg diet; C= 1.5 mg cobalt/kg diet; D= 2.0 mg cobalt/kg diet; E= 2.5 mg cobalt/kg diet; F= 3.0 mg cobalt/kg
diet.
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Figure 36. Linear regression between dietary cobalt chlroide supplementation up to 2mg

Co/kg diet and whole body crude protein (%) of advanced fry of T.putitora
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Figure 37. Linear regression between dietary cobalt chlroide supplementation and whole

body crude fat (%) of advanced fry of of T.putitora
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Figure 38. Linear regression between dietary cobalt chlroide supplementation and whole

body crude ash (%) of advanced fry of T.putitora
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Table 24. Bioaccumulation of metals in the muscle of advanced fry T.putitora, after feeding graded levels of cobalt chloride supplemented diets

for 90 days

Diet Groups Statistical Analysis
Metal concentration (ng/g) Control A B C D E F SEM F-value  P-value
Iron 0.0303*  0.0281° 0.0250°  0.0211¢  0.0163° 0.01337  0.0096¢  0.001 11543.4  0.0001
Manganese 0.0042*  0.0044* 0.0041*  0.0038°  0.0034° 0.0034° 0.0031¢ 0.0018 10.774 0.0001
Cobalt 0.0107¢  0.0108¢ 0.0111° 0.0113°  0.0121° 0.0122°  0.0126*  0.0001  132.09 0.0001

Data is expressed as average value (n=3). Values with different letters within the rows are significantly different (P<0.05). Statistical analysis was
done by adopting one way ANOVA followed by LSD. a=Pooled standard error mean

A= 0.5 mg cobalt/kg diet; B= 1.0 mg cobalt/kg diet; C= 1.5 mg cobalt/kg diet; D= 2.0 mg cobalt/kg diet; E= 2.5 mg cobalt/kg diet; F= 3.0 mg
cobalt/kg diet.
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Figure 39. Linear regression between dietary cobalt chloride supplementation and

bioaccumulation of Fe in the muscle of advanced fry of T.putitora
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Figure 40. Linear regression between dietary cobalt chloride supplementation and

bioaccumulation of Mn in the muscle of advanced fry of T.putitora
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Figure 41. Linear regression between dietary cobalt chloride supplementation and Co

bioaccumulation in the muscle of advanced fry of T.putitora
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CHAPTER 2

Effect of cobalt supplemented diet on the expression of
myoblast determination protein 1 homolog (MyoD)
myogenin (MyoG) in muscle and HSP-70KDa in liver of

Tor putitora



RESULTS

Expression of MyoD, MyoG, and HSP-70KDa

The cloning of MyoD, MyoG, and HSP-70KDa had given us the nucleotide sequence of
these genes. Their cDNA sequences were then used to design primers to study their quantitative
expression levels in muscle and liver of advanced fry of T.putitora. Results indicated significantly
higher mRNA levels of MyoD and MyoG in the muscle of fish reared on a diet supplemented with
2mg/kg cobalt (group D) as compared to other groups of fish. However, at a higher
supplementation level, i.e., 3mg/Kg diet (group F) showed the down-regulation of both genes (Fig.
42 and 43 respectively). Moreover, HSP-70KDa mRNA expression showed an increasing trend
with an increase in the concentration of the dietary Co and, the highest expression was observed

in a group of fish fed 3mg Co/kg diet (Fig.44).
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Figure 42. Expression of myoblast determination protein 1 homolog MyoD gene in the

muscle of T.putitora advanced fry reared on graded level of dietary cobalt

Data is expressed as average value (n=4). Bars with different letters are significantly different

(P<0.05). Statistical analysis was done by adopting One-way ANOVA followed by LSD.
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Figure 43. Expression of myogenin gene MyoG in the muscle of T.putitora advanced fry

reared on graded level of dietary cobalt

Data is expressed as average value (n=4). Bars with different letters are significantly different

(P<0.05). Statistical analysis was done by adopting One-way ANOVA followed by LSD.

139



RESULTS

4.0
a
£ T
k5]
z 3.0 .
= £ \
Z, ) \
m >
g 520
.
=< ¢
o 1.0 T
N
=
=
0.0
0.0 2.0 3.0

Dietary cobalt (mg/kg)

Figure 44. Expression of Heat shock protein 70 KDa in the liver of T.putitora advanced fry

reared on graded level of dietary cobalt

Data is expressed as average value (n=4). Bars with different letters are significantly different

(P<0.05). Statistical analysis was done by adopting One-way ANOVA followed by LSD.

140



CHAPTER 3

Comparative effects of different forms of dietary
cobalt on growth performance, hemato-immunological
indices, intestinal enzymes activities, and muscle

composition of T. putitora



RESULTS

Phase I

Characterization Co-NPs and Co-Met complex

Physical properties

XRD spectrums of Co-NPs and Co-Met complex are shown in figures 45 and 46
respectively. XRD spectrum of Co-NPs showed peaks indicating the crystalline nature of Co-NPs
with particle size <20nm. However, the XRD spectrum of the Co-Met complex did not show any

peak which indicated the amorphous nature of the complex.
Size, shape and surface morphology

Scanning electron microscope images of Co-NPs indicated their spherical shape and
smooth surface (Fig.47). The Co-Met complex appeared as a honeycomb-like structure with an

average size of 82.69 nm (Fig.48).
Elemental composition of prepared particles

The EDS spectrums of Co-NPs and Co-Met complex are shown in figures 49 A and B
respectively. Elemental analysis indicated 21% oxygen, 40.33 % chloride and 37% cobalt in Co-
NPs (Fig. 50A). The Co-Met complex contained 31% carbon, 1.32% nitrogen, 48.53 % oxygen,

2.06% cobalt, and 0.31% chlorine (Fig. 50B).

141



RESULTS

Phase I1
Experiment A

Effect of graded levels of Co-NPs supplemented diet on T.putitora

Growth performance

Dietary Co-NPs supplementation showed significant effect on the growth performance of
the fish (Table 25).One-way ANOVA indicated significant differences in final body weight (n=3,
F¢,14=40.48;PSE=0.065; P<0.001), %WG (n=3,Fs,14=50.31; PSE=0.921; P<0.001), %SGR (n=3,
Fe,14=40.56;PSE=0.006;P<0.001), AWG (n=3,F¢,14=45.92;PSE=0.061;P<0.001) and ADG (n=3,
Fe,14=55.53; PSE=0.006; P<0.001) among all diet groups of fish. Furthermore, pair-wise
comparison showed the highest values of growth parameters (%WG, %SGR, AWG and ADG) in
a N3 group followed by the N2 diet group. A positive correlation between the dietary Co-NPs and
the percentage weight gain (i.e., R = 0.985) was observed up to 1.5 mg Co/kg diet (group N3).
However, further increase in Co-NPs supplementation negatively affected the %WG (R? = 0.946).
Additionally, FCR also showed significant difference (n=3, F¢, 14=88.834; PSE=0.0021; P<0.001)
among diet groups of fish. The pair-wise comparison showed the highest FCR in a N6 group

(3mg/kg) while N3 group (1.5 mg/kg) showed the lowest value.
Hematological indices

Dietary Co-NPs supplementation showed significant effect on hematological indices of T.
putitora fingerlings (Table 26). One-way ANOVA demonstrated significant differences in RBC

count (n=9, Fe 56434.22; PSE=0.052; P<0.001), % HCT (n=9, F¢,s56 127.25; PSE=0.374; P<0.001)
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and levels of Hb (n=9, Fs 56 59.758; PSE= 0.182; P<0.001), MCV (n=9, Fe 56 191.72; PSE=0.077,
P<0.001), MCH (n=9, Fss6 666.55; PSE= 0.093; P<0.001) and MCHC (n=9, Fs 56 845.28; PSE=
0.283; P<0.001) among all diet groups of fish. The pair-wise comparison showed the highest
values of hematological indices in a N3 group as compared to other diet groups. The Co-NPs
supplementation up to 1.5mg /kg diet showed positive correlation with hematological indices of
fish, i.e., RBC count (R?*=0.843) Hb (R?=0.895), %HCT (R?*=0.885), MCV (R*=0.708), MCH
(R?=0.992), MCHC (R*=0.946). However, further increase in supplementation showed inverse
correlation between dietary Co-NPs and RBC count (R?>=1), Hb (R?=0.999), HCT (R*=0.95), MCV
(R?=0.92), MCH (R*=0.998), MCHC (R?=0.91). All hematological parameters showed the lowest

values in a N6 group of fish.

Furthermore, AST activity also showed significant difference (n=9, Fss56=136.12; PSE=
0.0494; P=0.001) among all diet groups of fish. Initially, dietary Co-NPs up to 1.5 mg /kg diet did
not show any significant effect on the AST activity however, further increase in Co-NPs
supplementation showed the increasing trend (R?=0.906) with the highest activity in a N6 group

as compared to other diet groups (Fig. 51).
Immunological Indices

Dietary Co-NPs supplementation considerably affected the immunological indices of
T.putitora fingerlings (Table 27). One-way ANOVA showed significant differences in plasma
protein (n=9, Fss56=110.89; PSE=0.190; P<0.001), IgM level (n=9, F¢5s56=49.69; PSE=0.131;

P<0.001), serum lysozyme activity (n=9, F¢56=39.561; PSE=0.073; P<0.001), WBCs count (n=9,
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Fes6 =11106.33; PSE=0.484; P<0.001) and NBT activity (n=6,Fs;35=426.46; PSE=0.0044;

P<0.001) among all diet groups of T.putitora.

The pair-wise comparison showed the highest values of immunological indices in a N3
group as compared to other diet groups. The positive correlation was observed between dietary
Co-NPs up to 1.5mg /kg supplementation level and immunological parameters of fish, i.e., plasma
protein (R?=0.983), IgM level (R?=0.950), lysozyme activity (R>=0.881), WBC count (R?>=0.861)
and NBT activity (R?*=0.937). However, further increase in Co-NPs supplementation negatively
affected the fish health with the lowest values of immunological indices were observed in a N6
group of fish. Moreover, the N6 group of fish showed the highest mortality rate after challenge
with A. hydrophila, i.e., 73.3% while the lowest mortality (33%) was observed in a N3 group of

fish (Fig. 53).
Intestinal enzyme activities

Dietary Co-NPs supplementation showed a significant effect on the intestinal protease and
amylase activities of T. putitora fingerlings (Table 28). One-way ANOVA showed significant
differences in protease (n=9, Fes56=114.05; PSE= 0.0049; P<0.001) and amylase activity (n=9,
Fs,56=2.392; PSE=0.0198; P=0.04) among all diet groups of fish. Furthermore, pair-wise
comparison indicated the highest protease and amylase activity in a N3 group of fish. However,
the cellulase activity did not show any significant difference (ANOVA: n=9, Fe¢s56=1.748;
PSE=0.002; P=0.117) among all Co-NPs supplemented diet groups. The pair-wise comparison

indicated no effect of Co-NPs supplemented diet up to 1.5mg Co/kg (N3) on cellulase activity of
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fish. However further increase in dietary Co-NPs negatively affected the intestinal cellulase

activity with the lowest activity being observed in a N6 group of fish.
Muscle proximate composition of fish

Dietary Co-NPs supplementation demonstrated a significant effect on the muscle
proximate composition of fish (Table 29). One-way ANOVA showed significant differences in
muscle % crude protein (n=6, Fe35=118.34; PSE=0.41; P<0.001), % crude fat (n=6, Fs35=3.961;
PSE=0.35; P=0.004) and % crude ash (n=6, F¢35=87.68; PSE=0.261; P<0.001) among all diet
groups of fish. The pair-wise comparison showed highest muscle (%) crude protein and (%) fat in
a N3 group of fish. However, the highest muscle crude ash (%) was observed in a N6 group of

fish.
Muscle metal bioaccumulation

Bioaccumulation of metal in the muscle of T. putitora fingerlings reared on graded level
of dietary Co-NPs is shown in Table 30. One way ANOVA showed a significant difference in the
muscle bioaccumulation of Fe (n=6, Fe35=161.145; PSE= 0.0085; P<0.001), Mn (n=6, Fe,
35=149.97; PSE=0.0009; P<0.001), and Co (n=6, Fs35=24142; PSE=0.0002; P<0.001) among all
diet groups of fish. Furthermore dietary Co-NPs supplementation level demonstrated a positive
correlation (R?>=1) with Co bio-accumulation, while a negative correlation with the bio-

accumulation of Fe (R?=0.975) and Mn (R*=0.893) in the muscle of fish
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Figure 45. X-ray diffraction pattern of Co-NPs

Figure 46. X-ray diffraction pattern of Co-Met complex
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Figure 47. Scanning electron microscope image of Co-NPs; (a) SOpm, (b) 1pm, (¢) S00nm
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Figure 48. Scanning electron microscope image of Co-Met complex; (a) SOpm, (b) 1pm, (¢) S00nm
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Figure 50. EDS spectrum showing elemental composition of (A) Co-NPs and (B) Co-Met complex
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Table 25. Growth performance of T.putitora fingerlings after feeding graded levels of Co-NPs supplemented diets for 90 days

Diet groups Statistical Analysis
NO N1 N2 N3 N4 N5 N6 PSE?  P-value F-value
Wi (g) 6.36% 6.359°  6.356° 6.364°  6.354*  6.351* 6.37° 0.007  0.270 1.434
Wr (g) 11.65¢  11.79®  11.93*  12.01* 11.46% 11.42¢ 11.2° 0.065  0.001 40.48
WG (%) 83.16° 8538  87.52% 88.78*  80.15¢  79.5¢ 76.05¢  0.921 0.001 50.31
AWG/fish (g) 5.29¢ 5.43° 5.57° 5.65° 5.12¢ 5.06¢ 4.84° 0.061  0.001 45.92
ADG fish (g) 0.058°  0.060°  0.06 0.062*  0.056*  0.056*  0.053°  0.006  0.001 55.53
SGR(%body weight/day) 0.67° 0.68° 0.69? 0.71? 0.65¢ 0.65¢ 0.62° 0.006  0.001 40.56
FCR 2.87° 2.79¢ 2.73% 2.71° 2.96 2.99° 3.14 0.023  0.001 88.83

Data is expressed as average value (n=3). Values with different letters within the same rows are significantly different (P<0.05). Data was

analyzed by adopting one-way ANOVA followed by LSD to determine the significant difference among diet groups of fish.

a=Pooled standard error mean; Wi= average initial weight of fish; W= average final weight of fish; %WG= percentage weight gain; AWG=

average weight gain during 90 days/fish; ADG= average daily weight gain/fish;%SGR=specific growth rate (%body weight/day); FCR= feed

conversion ratio

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5=

2.5 mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet.
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Table 26. Hematological indices of T.putitora fingerlings after feeding graded levels of Co-NPs supplemented diets for 90 days

Diet groups Statistical Analysis
NO N1 N2 N3 N4 N5 N6 PSE? P-value F-value
RBC (10°p/L) 0.98° 0.98° 1.04° 1.15% 0.96¢ 0.94° 0.92f 0.052  0.001 434.22
HB (g d/l) 6.25° 6.33° 6.54° 6.99° 5.68¢ 5.01¢ 4.43° 0.182  0.001 59.758
HCT (%) 34.59¢ 37.10° 37.75%  38.47%  32.78¢ 32.414 30.77° 0.374  0.001 127.25
MCYV (cm? erythrocyte) 151.54°  170.65°  173.59*  173.69°  138.78¢  134.74° 110.79°  0.077  0.001 191.72
MCH (pg) 30.60¢ 30.96° 31.56° 32.06 29.66° 28.55F 27.368 0.093  0.001 666.55

MCHC (Hb/100 ml blood) 41.749 47.97¢ 49.25° 53.95% 41.234 39.10° 38.81° 0.283  0.001 845.28

Data is expressed as average value (n=9). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

a=Pooled standard error mean; RBC= red blood cell count; HB= Hemoglobin level; HCT= hematocrit; MCV=mean corpuscular volume; MCH= mean
corpuscular hemoglobin; MCHC= corpuscular hemoglobin concentration

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5= 2.5
mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet.
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Figure 51. Serum aspartate aminotransferase activity (U/L) of T.putitora fingerlings after

feeding graded levels of Co-NPs supplemented diets for 90 days

Bars shows the values as average+ SE, n = 9. Different letters on bars shows significant difference.
Data was analyzed by adopting one-way ANOVA followed by LSD test to determine the significant

difference among diet groups.
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Table 27. Immunological indices of T.putitora fingerlings after feeding graded levels of Co-NPs supplemented diets for 90 days

Diet Groups Statistical Analysis
NO N1 N2 N3 N4 NS N6 SEM  P-value F-value
plasma protein (mg/ml) 11.93¢ 13.13° 13.68° 14.75% 11.65% 11.37° 10.80¢ 0.190  0.001 110.89
IgM (mg/ml ) 3.77° 4.11° 4.50% 4.59% 3.45¢ 3.17¢ 2.87" 0.131  0.001 49.69

lysozyme activity (png/ml) 1.92¢ 2.52¢ 2.68° 2.84° 2.37° 2.204 2.154 0.073  0.001 39.561

WBC (10 w/L) 165.117  169.50°  169.87°  171.61¢  220.97° 238.90° 245.52*  0.484  0.001 11106.33

Data is expressed as average value (n=9). Values with different letters within the same rows are different significantly (P<0.05). Data was analyzed
by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

4=Pooled standard error mean

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5= 2.5
mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet.
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Figure 52. NBT (Nitro-blue tetrazolium) activity of T.putitora fingerlings after feeding graded
levels of Co-NPs supplemented diets for 90 days

Bars shows the values as average + SE, n = 6. Different letters on bars shows significant difference
among Co-NPs fed diet groups. Data was analyzed by adopting one-way ANOVA followed by LSD

test to determine the significant difference among diet groups.
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Figure 53. Cumulative mortality (%) after challenge with A. hydrophila in different groups of
fish reared on Co-NPs supplemented diet

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-
NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5= 2.5 mg Co-NPs/kg diet; N6= 3 mg Co-NPs/kg diet.
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Table 28. Intestinal enzyme activities of T.putitora fingerlings after feeding graded levels of Co-NPs supplemented diets for 90 days

Diet Groups Statistical Analysis
NO N1 N2 N3 N4 N5 N6 SEM P-value F-value
Amylase (U/mg) 0.076%® 0.067%¢ 0.100? 0.079° 0.090® 0.056 0.036° 0.0198 0.04 2.392
Protease (U/mg) 0.153¢ 0.160 0.165° 0.183? 0.107¢ 0.0984¢ 0.091°¢ 0.0049 0.0001 114.05
Cellulase (U/mg) 0.181% 0.183? 0.182% 0.1772 0.165° 0.169° 0.154¢ 0.0206 0.117 1.748

Data is expressed as average value (n=9). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

4=Pooled standard error mean

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5= 2.5
mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet
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Table 29. Muscle proximate composition of T.putitora fingerlings after feeding graded levels of Co-NPs supplemented diets for 90 days

Diet Groups Statistical Analysis
NO N1 N2 N3 N4 N5 N6 PSE? P-value F-value
Crude protein (%) 65.20°¢ 67.16° 68.79? 68.83% 63.95¢ 61.94° 60.87" 0.41 0.001 118.3
Crude fat (%) 6.015? 6.11° 6.79% 7.16% 6.78® 6.02° 5.94¢ 0.35 0.004 3.961
Crude ash (%) 9.566° 11.344 11.47¢ 11.82¢4 12.15°¢ 12.72° 15.39? 0.26 0.001 87.68

Data is expressed as average value (n=6). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

4=Pooled standard error mean

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg diet; N5= 2.5
mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet.
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Table 30. Bioaccumulation of metals in the muscle of T. putitora fingerlings after feeding graded levels of Co-NPs supplemented

diets for 90 days
Metal concentration Diet Groups Statistical Analysis
(ng/g of tissue) NO N1 N2 N3 N4 NS N6 SEM P-value  F-value
Iron 0.064*  0.062°  0.058°  0.057° 0.052¢ 0.048°  0.043" 0.0085  0.001 161.145
Manganese 0.003*  0.003*  0.002°  0.002° 0.002° 0.001¢ 0.001° 0.0009 0.001 149.975
Cobalt 0.014¢  0.015" 0.016° 0.017¢ 0.018° 0.019°  0.02° 0.0002  0.001 24142.7

Data is expressed as average value (n=6). Values with different letters within the same rows are significantly different (P<0.05). Data
was analyzed by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups of fish.

=Pooled standard error mean

NO= Control group; N1= 0.5 mg Co-NPs/kg diet; N2= 1.0 mg Co-NPs /kg diet; N3= 1.5 mg Co-NPs/kg diet; N4= 2.0 mg Co-NPs/kg
diet; N5= 2.5 mg Co-NPs/kg diet; N6= 3.0 mg Co-NPs/kg diet.
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Phase 11
Experiment B
Effect of graded levels of Co-Met complex supplemented diet on T.putitora

Growth performance

Dietary Co-Met complex supplementation showed significant effect on the growth
performance of the fish (Table 31). One-way ANOVA indicated significant differences in final
body weight (n=3, F¢,14=5043.39; PSE=0.183; P<0.001), %WG(n=3, Fe,14=2602.29;PSE=0.406;
P<0.001), %SGR (n=3, F¢,14=28.077; PSE= 0.020; P<0.001), AWG(n=3, Fs, 14=4291.79;PSE=
0.02; P<0.Z2001) and ADG (n=3, F¢,14=2228.11; PSE= 0.003; P<0.001) among all diet groups of
fish. Furthermore, pair-wise comparison showed the highest %WG in a M6 group of fish.
Moreover, linear regression of data showed a significant increase in %WG (R?>=0.966), AWG
(R*=0.966), ADG (R*=0.967) and %SGR (R*=0.937) with an increasing Co-Met complex intake.
In addition to that, significant difference was also observed in the feed conversion ratio (n=3, Fe,
14=614.53; PSE=0.021; P<0.001) among all diet groups of fish. Here, FCR showed an inverse

relationship, i.e., FCR decreased with an increase in Co-Met complex intake (R* = 0.978).
Hematological indices

Dietary Co-Met complex supplementation showed significant effect on hematological
indices of T. putitora fingerlings in a dose dependant manner (Table 32). One-way ANOVA
showed significant differences in RBC count (n=9, Fs s56-590.65; PSE=0.179; P<0.001), Hb level

(n=9, Fe.s6 =533.13; PSE=0.122; P<0.001), %HCT (n=9, Fss=135.34; PSE=0.250; P<0.001),
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MCV (n=9, Fs, 56=581.7; PSE=0.126; P<0.001), MCH (n=9, F¢s56=170.15; PSE=0.174; P=0.001)
and MCHC (n=9, Fs, 56=151.55; PSE=0.467; P=0.001) among all Co-Met supplemented diet
groups of fish. The pair-wise comparison showed the highest values of hematological indices in a
M6 group followed by a M5 group of fish. Additionally, the positive correlation was observed
between the dietary Co-Met complex supplementation level and the RBC count (R? = 0.964), Hb
(R? = 0.983), %HCT (R? = 0.9911), MCH (R? = 0.935) and MCHC (R? = 0.93). Furthermore,
significant difference was observed in serum AST activity of T.putitora fingerlings reared on diet
supplemented with different levels of Co-Met complex (n=9, F¢56=79.79; PSE=0.047;
P<0.001).The pairwise comparison showed the lowest serum AST activity in a M6 group of fish
(Fig.54). Moreover, an inverse relationship was observed between Co-Met complex

supplementation level and serum AST activity (R? = 0.906).
Immunological Indices

Dietary Co-Met complex supplemented diets showed significant effect on the
immunological indices of T.putitora fingerlings (Table 33). One-way ANOVA showed significant
differences in plasma protein (n=9, Fss¢ =33.77; PSE=0.284; P<0.001), IgM level (n=9,
Fs,56=34.44; PSE=0.194; P<0.001), lysozyme activity (n=9, Fs56=22.93; PSE=0.211; P<0.001),
NBT activity (n=6, Fs35=76.63; PSE=0.035; P<0.001) and WBC count (n=9, Fs, ¢3 =8.119;
PSE=0.345; P<0.001) among all diet groups of fish. The pair-wise comparison showed the highest
values of immunological indices in a M6 group of fish as compared to other diet groups. Moreover,
no mortality was observed in a M6 group of fish after challenged with pathogenic bacteria, A.

hydrophila (Fig.56).
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Intestinal enzyme activities

Dietary Co-Met complex supplementation also showed a significant effect on the intestinal
enzyme activities of all diet groups of T. putitora fingerlings (Table 34).One-way ANOV A showed
significant differences in the activity of amylase (n=9, Fss56=158.41; PSE=0.0048; P<0. 0001),
protease (n=9, Fes56=75.97; PSE=0.0024; P<0.0001) and cellulase (n=9, Fss6= 635.74; PSE=
0.0032; P<0001) among all diet groups of fish. Pairwise comparison showed the highest activity
of intestinal enzymes in a M6 group of fish. The linear regression analysis data indicated an
increase in the activities of intestinal enzymes amylase (R? = 0.985), protease (R? = 0.842), and

cellulase (R? = 0.943) with an increase in the dietary Co-Met complex supplementation level.
Muscle proximate composition of fish

Dietary Co-Met complex supplemented diets also showed a significant effect on the proximate
composition of muscle (Table 35). Statistical analysis done by using one-way ANOVA showed
significant difference in muscle % crude protein (n=6, F¢35=215.87; PSE=0.43; P<0.001) and %
crude fat (n=6, Fs35=132.66; PSE=0.31; P<0.001) and % crude ash (n=6, Fs35=31.11; PSE=0.239;
P<0.001) among all diet group of fish. Pairwise comparison showed the highest %crude protein

and % fat in a M6 group of fish as compared to other diet groups.
Muscle metal bioaccumulation

Bioaccumulation of metal in the muscle tissues of T. putitora fingerlings reared on graded
level of dietary Co-Met complex is shown in Table 36. Statistical analysis done by using one way

ANOVA showed non-significant difference in the muscle bioaccumulation of Fe (n=6,
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F,35=0.222; PSE=0.001; P=0.963), Mn (n=6, F¢35=2.15; PSE=0.001; P=0.112) and Co (n=6, Fs,

35=3.545; PSE= 0.001; P=0.024) among all diet groups of fish.
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Table.31. Growth performance of T. putitora fingerlings after feeding graded levels of Co-Met complex supplemented diets for 90 days

Diet groups Statistical Analysis

Mo M1 M2 M3 M4 MS Meé PSE? P-value F- value

Wi () 638  6.37 638  6.37 6.35 6.34 6.36 0.009 0.256  1.678
Wi (g) 11.687 12.25¢ 12,539 13.21° 13.61° 14.01° 14.02* 0.183 0.001  5043.39
WG (%) 83.20° 92.381° 96.439 107.32° 114.40° 120.59* 120.68* 0.406 0.001  2602.29
AWG/fish (g) 5307 588  6.15¢ 6.84° 726  7.66° 7.66°  0.020 0.001  4291.79
ADG fish (g) 0.059" 0.065° 0.068¢ 0.076° 0.080° 0.085* 0.085* 0.003 0.001  2228.11
SGR (%body weight/day) 0.67° 0.727° 0.750° 0.810° 0.80°  0.879* 0.87*  0.020 0.001  28.077
FCR 2.86° 2.610° 2.50° 2294¢ 208 1965 190"  0.021 0.001  614.53

Data is expressed as average value (n=3). Values with different letters within the same rows are significantly different (P<0.05).
Data was analyzed by adopting one-way ANOVA followed by LSD to determine the significant difference among diet groups of
fish.

a=Pooled standard error mean; W;= average initial weight of fish; W= average final weight of fish; %WG= percentage weight gain;
AWG= Average weight gain during 90 days/fish; ADG= Average daily weight gain/fish; %SGR=Specific growth rate (%body
weight/day); FCR= Feed conversion ratio

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-
Met/kg diet; M5= 2.5 mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet.
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Table.32. Hematological indices of T.putitora fingerlings after feeding graded levels of Co-Met complex supplemented diets for 90 days

Diet groups Statistical Analysis
MO0 M1 M2 M3 M4 M5 M6 PSE P-value  F-value

RBC (10°p/L) 0.968 1.05° 1.11¢ 1.154 1.18° 1.27° 1.39° 0.179 0.001 590.65
HB (g d/l) 6.238 6.50" 6.58° 6.814 6.88° 7.17° 7.28° 0.122 0.001 533.13
HCT (%) 34.53¢  35.39° 36.75¢ 37.74¢  38.57° 39.15°  40.35*  0.250 0.001 135.34
MCYV (cm? erythrocyte) 151.565  168.157  168.86° 169.46° 169.83° 170.24°  170.50*  0.126 0.001 581.7

MCH (pg) 30.665  38.85° 39.87°  43.58¢  4582° 49.84>  50.07° 0.174 0.001 170.15
MCHC (Hb/100 ml blood) 41.70f 42.40° 43.57¢ 45.564 47.21° 48.55° 53.35% 0.467 0.001 151.55

Data is expressed as average value (n=9). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed by

adopting one-way ANOVA followed by LSD test to determine the significant difference among all diet groups.

a=Pooled standard error mean; RBC= red blood cell count; HB= Hemoglobin level; HCT= hematocrit; MCV=mean corpuscular volume; MCH=mean

corpuscular hemoglobin; MCHC= corpuscular hemoglobin concentration

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-Met/kg diet; M5= 2.5
mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet.
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Figure 54. Serum aspartate aminotransferase activity (U/L) of T.putitora fingerlings after

feeding graded levels of Co-Met complex supplemented diets for 90 days

Bars shows the values as average+ SE, n = 9. Different letters on bars shows significant difference.
Data was analyzed by adopting one-way ANOVA followed by LSD test to determine the significant

difference among diet groups.
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Table 33. Immunological indices of T.putitora fingerlings after feeding graded levels of Co-Met complex supplemented diets for 90 days

Diet Groups Statistical Analysis
Mo M1 M2 M3 M4 M5 Mé SEM F-value P-value
plasma protein (mg/ml) 11.91¢ 13.05° 13.21° 14.20° 14.53° 14.59° 15.392 0284 3377 0.001
IgM (mg/ml ) 3.75¢ 4.02¢ 4.61¢ 4.96% 5.31b 5.64% 5912 0.194 3444 0.001
lysozyme activity (ug/ml) 1.91° 3.02° 3.20° 3.33° 3.44° 3.84° 4.14° 0211 2293 0.001
WBC (10° w/L) 164.13°  164.99*°  165.10°  164.62®®  164.11°°  163.83°¢  163.35¢ 0345 g qj9 0.001

Data is expressed as average value (n=9). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

4=Pooled standard error mean

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-Met/kg diet; M5=2.5
mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet.
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Figure 55. NBT activity of T.putitora fingerlings after feeding graded levels of Co-Met complex
supplemented diets for 90 days

Bars shows the values as average + SE, n = 6. Different letters on bars shows significant difference
among Co-Met fed diet groups. Data was analyzed by adopting one-way ANOVA followed by LSD

test to determine the significant difference among diet groups.
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Figure 56. Cumulative mortality (%) after challenge with A. hydrophila in different groups of

fish reared on Co-Met complex supplemented diet

MO= Control group; M1= 0.5 mg Co/kg diet; M2=1.0 mg Co/kg diet; M3= 1.5 mg Co/kg diet; M4=2.0
mg Co /kg diet; M5=2.5 mg Co /kg diet; M6=3.0 mg Co /kg diet.
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Table 34. Intestinal enzyme activities of T.putitora fingerlings after feeding graded levels of Co-Met complex supplemented diets for 90 days

Diet Groups Statistical Analysis
MO M1 M2 M3 M4 M5 M6 SEM* F-value P-value
Amylase (U/ mg) 0.0768 0.101f 0.112° 0.148¢ 0.162° 0.176° 0.195% 0.0048 158.41 0.001
Protease (U/mg) 0.1539 0.1539 0.168° 0.168° 0.173% 0.173° 0.197% 0.0024 75.97 0.001
Cellulase (U/mg) 0.181F 0.242¢ 0.250° 0.272¢ 0.288° 0.307° 0.356* 0.0032 635.74 0.001

Data is expressed as average value (n=9). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed

by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

=Pooled standard error mean

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-Met/kg diet; M5= 2.5
mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet.
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Table 35. Muscle proximate composition of Tor putitora fingerlings after feeding graded level of Co-Met complex supplemented diets for 90 days

Diet Groups Statistical Analysis
MO M1 M2 M3 M4 M5 M6 PSE*  P-value  F-value
Crude Protein (%) 65.20" 67.76°  71.03¢  71.90%¢ 72.66°  76.25°  77.83*  0.43 0.001 215.87
Crude Fat (%) 6.015¢ 9.969¢  10.08°  12.13° 127 12.89°  13.28*  0.31 0.05 132.66
Ash (%) 9.564 10.65¢  11.25°  11.62° 11.68°  1221°  1220*  0.23 0.001 31.11

Data is expressed as average value (n=6). Values with different letters within the same rows are significantly different (P<0.05).Data was
analyzed by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups.

a=Pooled standard error mean

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-Met/kg diet;
M5= 2.5 mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet

171



RESULTS

Table 36. Bioaccumulation of metals in the muscle of T. putitora fingerlings after feeding graded levels of Co-Met complex

supplemented diets for 90 days

Diet Groups Statistical Analysis
Metal concentration
Mo M1 M2 M3 M4 M5 Mé6 SEM F-value P-value
(ng/g)
Iron 0.0639? 0.0639? 0.0636* 0.0636% 0.06392 0.0632 0.06442 0.0006 0.222 0.963
Manganese 0.0033% 0.0031° 0.003° 0.0031° 0.0031° 0.003° 0.0031° 0.0001 2.15 0.112
Cobalt 0.0141°¢ 0.0141¢ 0.0142b¢ 0.0143%°¢ 0.0143b¢ 0.014% 0.0145% 0.001 3.545 0.024

Data is expressed as average value (n=6). Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed

by adopting one-way ANOVA followed by LSD test to determine the significant difference among diet groups

=Pooled standard error mean

MO= Control group; M1= 0.5 mg Co-Met/kg diet; M2= 1.0 mg Co-Met /kg diet; M3= 1.5 mg Co-Met /kg diet; M4= 2.0 mg Co-Met/kg diet; M5=
2.5 mg Co-Met/kg diet; M6= 3.0 mg Co-Met/kg diet.
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Comparative effect of graded levels of different chemical forms of dietary cobalt
on T.putitora fingerlings
Growth performance

The comparative effect of graded levels of different chemical forms of dietary cobalt on the
growth performance of mahseer is shown in figure 57. Statistical analysis was done by two-way
ANOVA showed a significant effect of different chemical forms and dosage levels of dietary cobalt
on growth performance, 1i.e., W (chemical form, F;40=5860.13, P<0.001; dosage level,
F1328=259.03, P<0.001), %WG (chemical form, F;40=6716.24, P<0.001; dosage level, Fi323=303.2,
P<0.001), AWG (chemical form, F;40=6727.84, P<0.001; dosage level, Fi3, 25=301.79,P<0.001)
ADG (chemical form, F;40=6602.56, P<0.001; dosage level, Fi325=300.91, P<0.001) and %SGR
(chemical form, F140=428.08, P<0.001; dosage level, Fi325=18.5, P<0.001) of T.putitora. The FCR
was also affected by chemical forms (Fi, 49=5427, P<0.001) and dosage level (dosage level, Fi3,
28=214.8, P<0.001) of cobalt. Moreover, a significant interaction between two variables (Table 37)
indicated the manner how chemical forms and dosage level of dietary cobalt influence the growth
performance and FCR of fish. Pairwise comparison between different chemical forms of dietary
cobalt at every dose level indicated a significantly higher positive effect of dietary Co-Met complex
in contrast to Co-NPs supplemented diet on every growth performance parameters. Furthermore, post
hoc pairwise comparison between dosage levels indicated that dietary Co-Met complex at 3mg/kg
diet showed the highest %WG (120.68%) while Co-NPs showed its maximum effect (88.78%WG)
at 1.5 mg/kg diet. Here further, increase in Co-NPs in diet negatively affected the growth performance
of fish. Overall results indicated maximum %WG in a group of fish fed 3mg Co-Met/kg diet (37.48%
higher WG as compared to control group), while at the same dosage level, Co-NPs showed a negative

effect i.e., 7.11% reduced WG as compared to control group.
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Hematological indices

The comparative effect of the graded level of different chemical forms of dietary cobalt on
the hematological indices of fish is shown in figures 58—64. Statistical analysis done by two-way
ANOVA showed a significant effect of different chemical forms and dosage levels on the
hematological indices i.e., RBC count (chemical form, Fi124= 4151.13, P<0.001; dosage level,
Fi3,112=378.71, P<0.001), HB level (chemical form, Fii24= 4210.09, P<0.001; dosage level,
F13,112=338.73, P<0.001), HCT(chemical form, Fi,124=491.04, P<0.001; dosage level, F13,112=53.575,
P<0.001), MCV (chemical form, F,124= 170579, P<0.001; dosage level, F3,112=52752.8, P<0.001),
MCH (chemical form, Fi,24=391013, P<0.001; dosage level, Fi3,112=12438.3, P<0.001), MCHC
(chemical form, Fii124= 102.01, P<0.001; dosage level, Fi3112=168.55, P<0.001) of T. putitora.
Furthermore, a significant interaction between two variables (chemical forms and dosage level of
dietary cobalt) indicated how these two variables affected the hematological indices of T.putitora
(Table 38). Pair-wise comparison between different chemical forms of dietary cobalt at every dosage
level indicated the most significant positive effect of dietary Co-Met complex in contrast to Co-NPs
supplemented diet on the hematological indices of fish. Furthermore, post hoc pairwise comparison
between dosage levels indicated a dose-dependent most significant positive effect of dietary Co-Met
complex in contrast to Co-NPs supplementation. However, dietary Co-NPs showed a positive effect
up to 1.5 mg/kg diet while further increase negatively affected the hematological indices of fish

(Table 26).

Two-way ANOVA also indicated the significant effect of different chemical forms
(F1,124=1873.25; P<0.001) and dosage level (F13,112=91.01; P<0.001) of dietary cobalt on the serum
AST activity of fish. Moreover, a significant interaction between chemical forms and dosage level of

dietary cobalt indicated how these two variables affected the serum AST activity of fish (Table 38).
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Pair-wise comparison between different chemical forms of dietary cobalt at every dose level indicated
a significantly higher serum AST activity in response to Co-NPs supplemented diet as compared to
Co-Met complex supplemented diet on fish. Furthermore, post hoc pairwise comparison between
dosage levels indicated the non-significant effect of Co-NPs supplemented diet (up to 1.5mg/kg) on
serum AST activity of the fish. However further increase in Co-NPs supplementation in the diet
resulted in a significant increase in serum AST activity with maximum activity in a N6 group of fish
(3mg Co-NPs/kg diet). On the other hand, a decrease in serum AST activity was observed in fish with

the increase of dietary Co-Met complex supplementation.
Immunological indices

The comparative effect of the graded level of different chemical forms of dietary cobalt on
the immunological indices of mahseer is shown in figures 65—69. Statistical analysis done by two-
way ANOVA showed a significant effect of different chemical forms and dosage levels of cobalt on
the immunological indices 1.e., plasma protein (chemical form, Fy 124=225.6, P<0.001; Dosage level,
F13,112=38.35, P<0.001), IgM (chemical form, F; 124= 311.76, P<0.001; dosage level, Fi3,112=16.12,
P<0.001), lysozyme activity (chemical form, Fy124= 221.51, P<0.001; dosage level, Fi3,112=28.8,
P<0.001),WBC count (chemical form, Fi124= 42741.1, P<0.001, dosage level, Fi3,112=7091.51,
P<0.001) and NBT activity (chemical form, F; 124= 668.94, P<0.001; dosage level, Fi3,112=61.63.51,
P<0.001) of T. putitora. Furthermore, a significant interaction between two variables (chemical
forms, and dosage level of dietary cobalt) indicated how these two variables affected the
immunological indices of T.putitora (Table 39). Pair-wise comparison between different chemical
forms of dietary cobalt at every dose level indicated the most significant positive effect of dietary Co-
Met complex in contrast to Co-NPs supplemented diet on the immunological indices of fish.

Furthermore, post hoc pairwise comparison between dosage levels indicated dose-dependent,
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significant positive effect of dietary Co-Met complex in contrast to Co-NPs supplementation.
However, dietary Co-NPs showed positive effect up to 1.5 mg/kg diet while further, increase

negatively affected the immunological indices of fish (Table 27).
Intestinal enzymes activities

The comparative effect of the graded level of different chemical forms of dietary cobalt on the
intestinal enzymes activities of fish is shown in figures 70—72. Statistical analysis done by two-way
ANOVA showed a significant effect of different chemical forms and dosage levels of cobalt on the
intestinal enzyme activities i.e. amylase (chemical form, Fi 24= 223.21, P<0.001; dosage level,
Fi3,112=4.396, P<0.001), protease (chemical form, Fi 4= 479.83, P<0.001; dosage level,
F13,112=55.38, P<0.001), and cellulase (chemical form, Fi24= 880.51, P<0.001; dosage level,
F13,112=37.07, P<0.001) of T. putitora. Furthermore significant interaction between two variables
(chemical forms, and dosage level of dietary cobalt) indicated how these two variables affected the
intestinal enzyme activities of T.putitora (Table 40). Pair-wise comparison between different
chemical forms of dietary cobalt at every dose level indicated the most significant positive effect of
dietary Co-Met complex in contrast to Co-NPs on the intestinal enzyme activities of fish.
Furthermore, post hoc pairwise comparison between dosage levels indicated a dose-dependent,
comparatively most significant positive effect of dietary Co-Met complex in contrast to Co-NPs
supplementation. However, dietary Co-NPs above 1.5 mg/kg inclusion level negatively affected the

intestinal enzyme activities of fish (Table 28).
Muscle proximate composition

The comparative effect of the graded level of different chemical forms of dietary cobalt on the
muscle proximate composition of T. putitora after 90 days feeding trial is shown in figures 73—75.

Statistical analysis done by two-way ANOVA showed a significant effect of different chemical forms,
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and dosage levels of cobalt on the muscle proximate composition i.e., %crude protein (chemical form,
Fi8= 1705.88, P<0.001; dosage level, Fi3,70=70.1; P<0.001), %crude fat (chemical form, Fig=
1213.88, P<0.001; dosage level, Fi370=60.17, P<0.001), and %crude ash (chemical form, Fig=
61.82, P<0.001; dosage level, Fi370=106.17, P<0.001), of T. putitora. Furthermore, a significant
interaction between two variables (chemical forms, and dosage level of dietary cobalt) indicated how
these two variables affected the muscle proximate composition of T.putitora (Table 41). Pair-wise
comparison between different chemical forms of dietary cobalt at every dosage level indicated the
most significant positive effect of dietary Co-Met complex in contrast to Co-NPs supplemented diet
on the muscle proximate composition of fish. Furthermore, post hoc pairwise comparison between
dosage levels indicated most significant positive effect of dietary Co-Met complex in contrast to Co-
NPs supplemented diet on the muscle crude protein and fat content of fish. Moreover, post hoc
pairwise comparison between dosage level indicated that dietary Co-Met complex at 3mg/kg diet
showed the highest muscle %crude protein (77.83%), and % fat (12.89%) contents while Co-NPs
showed maximum effect (68.83% crude protein, and 7.16% crude fat) ati.e. 1.5 mg/kg diet and then

showed decreasing trend.

Muscle metal bioaccumulation level

The comparative effect of the graded level of different chemical forms of dietary cobalt on the
muscle metal bioaccumulation level of mahseer is shown in figures 76—78. Statistical analysis done
by two-way ANOVA showed a significant effect of different chemical forms, and dosage levels of
cobalt on the muscle metal bioaccumulation level i.e. Fe (chemical form, Fig= 990.42, P<0.001;
dosage level, Fi370=94.5, P<0.001;) figure 76, Mn (chemical form, F;g= 1086.6, P<0.001; dosage
level, Fi370=126.43, P<0.001) figure 77, and Co (chemical form, Fig= 10255.4, P<0.001; dosage

level, Fi370=1058.92, P<0.001) figure 78 of T. putitora. A significant interaction between two
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variables (chemical forms, and dosage level of dietary cobalt) indicated how these two variables
affected the muscle metal bioaccumulation level of T.putitora (Table 42). Post-hoc pairwise
comparison between dosage levels indicated no effect of dietary Co-Met supplemented diet on the
muscle Fe, Mn, and Co bioaccumulation level of fish. However, Co-NPs supplemented diet
significantly reduced the muscle Fe, and Mn bioaccumulation level of fish. Moreover, an increase in
muscle cobalt bioaccumulation level was observed with the increasing dosage level of Co-NPs in

diet.
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Table 37: Summary of Two way ANOVA showing the comparative effect of graded levels of

different chemical forms of dietary cobalt on the growth performance of T.putitora fingerlings

df SS MS F- value P-value

Wi(g)

Chemical forms 1 20.63 20.63 5860.13 <0.001

Dosage 6 5.46 0.912 259.03 <0.001

Chemical forms x Dosage 6 11.26 1.87 533.17 <0.001
%WG

Chemical forms 1 5109.09 5109.09 6716.24 <0.001

Dosage 6 1383.89 230.64 303.2 <0.001

Chemical forms x Dosage 6 2877.55 479.59 630.45 <0.001
AWG/fish (g)

Chemical forms 1 20.66 20.66 6727.84 <0.001

Dosage 6 5.56 0.927 301.79 <0.001

Chemical forms x Dosage 6 11.43 1.906 620.42 <0.001
ADG/fish (g)

Chemical forms 1 0.003 0.003 6602.56 <0.001

Dosage 6 0.001 0.00115 300.91 <0.001

Chemical forms x Dosage 6 0.001 0.000238 624.87 <0.001
%SGR

Chemical forms 1 0.149 0.149 428.08 <0.001

Dosage 6 0.039 0.006 18.5 <0.001

Chemical forms x Dosage 6 0.085 0.014 40.58 <0.001
FCR

Chemical forms 1 3.46 3.46 5427 <0.001
Dosage 6 0.823 0.137 214.8 <0.001
Chemical forms x Dosage 6 1.98 0.331 518.68 <0.001
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Figure 57. % WG of T .putitora fingerlings after feeding graded levels of Co-NPs, and Co-Met
complex supplemented diet for 90 days

Bars show the values as average+ SE (n=3). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different chemical
forms, and dosage of dietary cobalt. Moreover, difference between the two diet groups i.e., Co-NPs,
and Co-Met complex at specific dosage level was determined by using paired T-test at 95%

confidence intervals.

ns= non-significant difference; *= P<0.01 ; **= P<0.001; ***=P<0.001
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Table 38. Summary of Two way ANOVA showing the comparative effect of graded levels of

different chemical forms of dietary cobalt on the hematological indices of T.putitora fingerlings

SS MS F- value P-value

RBC (10°u/L)

Chemical forms 0.852 0.852 4151.13 <0.001

Dosage 0.466 0.078 378.71 <0.001

Chemical forms x Dosage 0.873 0.146 708.78 <0.001
HB (g d/l)

Chemical forms 25.046 25.046 4210.09 <0.001

Dosage 12.091 2.015 338.73 <0.001

Chemical forms x Dosage 38.034 6.506 1093.55 <0.001
HCT (%)

Chemical forms 224.43 33543 491.04 <0.001

Dosage 146.91 24.48 53.575 <0.001

Chemical forms x Dosage 564.42 94.07 205.62 <0.001
MCYV (cm? erythrocyte)

Chemical forms 8454.55 8454.55 170579 <0.001

Dosage 15687.77 2614.62 52752.8 <0.001

Chemical forms x Dosage 17784.01 2963.83 59798.3 <0.001
MCH

Chemical forms 4963.02 4963.02 391013 <0.001

Dosage 947.255 157.87 12438.3 <0.001

Chemical forms x Dosage 1759.01 293.17 23097.4 <0.001
MCHC (Hb/100 ml blood)

Chemical forms 68.546 68.546 102.01 <0.001

Dosage 679.52 113.25 168.55 <0.001

Chemical forms % Dosage 2048.188 341.36 508.05 <0.001
AST (U/L)

Chemical forms 20.064 20.06 1873.25 <0.001
Dosage 5.84 0.975 91.01 <0.001
Chemical forms x Dosage 26.93 4.48 419.132 <0.001
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Figure 58. Red blood cells count RBCs (10%u/L) of T.putitora fingerlings after graded levels of
Co-NPs, and Co-Met complex supplemented diet for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 59. Hemoglobin level (g d/l) of T.putitora fingerlings after feeding graded levels of Co-
NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 60. %HCT in blood of T.putitora fingerlings after graded levels of Co-NPs, and Co-Met
complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***= P<0.001
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Figure 61. Mean corpuscular volume (cm? erythrocyte) of T.putitora fingerlings after feeding

graded levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 62. Mean corpuscular hemoglobin (pg) of T.putitora fingerlings after feeding graded
levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001

186



RESULTS

OCo-NPs BCo-Met Hokk -
a
= ns \ b Bl r—*—\ — a
-g 50 cd - d be
=) 1 ¢ e
= gh gh g h
E = —— i
g -l =
S
=
=
E 30
Q
S
20
=
10
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Dietary cobalt (mg/kg)

Figure 63. Mean corpuscular Hemoglobin dosage (Hb/100 ml blood) of T.putitora fingerlings
after feeding graded levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***= P<0.001
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Figure 64. Serum aspartate aminotransferase activity AST (U/L) of T.putitora fingerlings after

feeding graded levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Table 39. Summary of Two way ANOVA showing the comparative effect of graded levels of

different chemical forms of dietary cobalt on the immunological indices of T.putitora fingerlings

df SS MS F- value P-value
Plasma protein(mg/ml
Chemical forms 1 59.443 59.44 225.6 <0.001
Dosage 6 60.63 10.1 38.35 <0.001
Chemical forms x Dosage 6 121.44 20.24 76.82 <0.001
IgM (mg/ml)
Chemical forms 1 38.762 38.76 311.76 <0.001
Dosage 6 12.03 2.005 16.12 <0.001
Chemical forms x Dosage 6 46.54 7.76 62.42 <0.001
Lysozyme activi ml
Chemical forms 1 24.893 24.89 221.51 <0.001
Dosage 6 12.42 3.23 28.8 <0.001
Chemical forms x Dosage 6 13.58 2.32 20.65 <0.001
WBC count (103 w/L)
Chemical forms 1 34116 34116 42741.1 <0.001
Dosage 6 33962.8 5660.46 7091.51 <0.001
Chemical forms x Dosage 6 36589.8 6098.31 7640.06 <0.001
NBT activity (OD=540nm)
Chemical forms 1 1.902 1.902 668.94 <0.001
Dosage 6 1.051 0.175 61.63 <0.001
Chemical forms x Dosage 6 1.753 0.292 102.79 <0.001
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Figure 65. Plasma protein level of T.putitora fingerlings after feeding graded levels of Co-NPs,
and Co-Met complex supplemented diets for 90 days
Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data

was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical
forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 66. Plasma immunoglobulin (IgM) level of T.putitora fingerlings after feeding graded
levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***= P<0.001
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Figure 67. Serum lysozyme activity of T.putitora fingerlings after feeding graded levels of Co-
NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical
forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 68. White blood cell count of T.putitora fingerlings after feeding graded levels of Co-NPs,
and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 69. NBT (Nitro-blue tetrazolium) activity of T.putitora fingerlings after feeding graded
levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Table 40. Summary of Two way ANOVA showing the comparative effect of graded levels of
different chemical forms of dietary cobalt on the intestinal enzymes activities of T. putitora

fingerlings

df SS MS F- value P-value
Amylase (U/mg)
Chemical forms 1 0.207 0.207 223.21 <0.001
Dosage 6 0.024 0.004 4.396 0.001
Chemical forms x Dosage 6 0.070 0.012 12.53 <0.001
Protease (U/mg)
Chemical forms 1 0.032 0.032 479.83 <0.001
Dosage 6 0.022 0.004 55.38 <0.001
Chemical forms x Dosage 6 0.064 0.011 157.69 <0.001
Cellulase (U/mg)
Chemical forms 1 0.284 0.284 880.51 <0.001
Dosage 6 0.072 0.012 37.07 <0.001
Chemical forms x Dosage 6 0.132 0.022 68.35 <0.001
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Figure 70. Amylase activity of T.putitora fingerlings after feeding graded levels of Co-NPs, and
Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***= P<0.001
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Figure 71. Protease activity of T.putitora fingerlings after feeding graded levels of Co-NPs, and
Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 72. Cellulase activity of T.putitora fingerlings after feeding graded levels of Co-NPs and,
Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference. Data
was analyzed by adopting ANOVA followed by LSD test to compare the effect of different Chemical

forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Table 41. Summary of Two way ANOV A showing the comparative effect of graded levels

of different chemical forms of dietary cobalt on the muscle proximate composition of T.

putitora fingerlings

df SS MS F- value P-value

Crude Protein (%)

Chemical forms 1 902.38 902.38 1705.88 <0.001
Dosage 6 222.5 37.08 70.1 <0.001
Chemical forms x Dosage 6 846.88 141.14 266.82 <0.001
Crude Fat (%)

Chemical forms 1 454.45 454.45 1213.88 <0.001
Dosage 6 135.16 22.52 60.17 <0.001
Chemical forms x Dosage 6 114.6 19.1 51.02 <0.001
Crude Ash (%)

Chemical forms 1 11.901 11.901 61.82 <0.001
Dosage 6 122.638 20.44 106.17 <0.001
Chemical forms x Dosage 6 21.67 2.613 18.76 <0.001
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Figure 73. Muscle crude protein (%) content of T.putitora fingerlings after feeding graded

levels of Co-NPs, and Co-Met complex supplemented diets for 90 days

Bars show the values as averaget SE (n=9). Different letters on bars show significant
difference. Data was analyzed by adopting ANOV A followed by LSD test to compare the effect

of different Chemical forms, and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs, and Co-Met complex at
specific dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 74. Muscle crude fat (%) content of T.putitora fingerlings after feeding graded

levels of Co-NPs and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant

difference. Data was analyzed by adopting ANOV A followed by LSD test to compare the effect

of different Chemical forms and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001

201



RESULTS

20
OCo-NPs O Co-Met
k%
16 b
ns B
? ns
é ns ns ns —— in
= —— rf—*—\ cde gef fIcl def ] 212 212
< 12 ns _eI£ _1’1_ f = — —
"]
E — £ ]
= h h
o e
8
4
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Dietary cobalt (mg/kg)

Figure 75. Muscle crude ash (%) content of T.putitora fingerlings after feeding graded
levels of Co-NPs and Co-Met complex supplemented diets for 90 days

Bars show the values as averaget SE (n=9). Different letters on bars show significant
difference. Data was analyzed by adopting ANOVA followed by LSD test to compare the effect

of different Chemical forms and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **= P<0.001; ***=P<0.001
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Table 42.Summary of two way ANOVA showing the comparative effect of graded levels of

different chemical forms of dietary cobalt on the metal bioaccumulation levels in muscle of

T.putitora fingerlings
df SS MS F- value P-value

Iron
Chemical forms 1 0.001000 0.001000 990.42 <0.001
Dosage 6 0.001000 0.000085 94.5 <0.001
Chemical forms x Dosage 6 0.001000 0.000091 100.74 <0.001
Manganese
Chemical forms 1 0.000009 0.000009 1086.86 <0.001
Dosage 6 0.000006 0.000001 126.43 <0.001
Chemical forms x Dosage 6 0.000005 0.000001 111.755 <0.001
Cobalt
Chemical forms 1 0.000086 0.000086 10255.4 <0.001
Dosage 6 0.000054 0.000009 1058.92 <0.001
Chemical forms X Dosage 6 0.000043 0.000007 842.765 <0.001
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Figure 76. Muscle iron bioaccumulation level of T.putitora fingerlings after feeding graded

levels of Co-NPs and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference.
Data was analyzed by adopting ANOVA followed by LSD test to compare the effect of different

Chemical forms and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 77. Muscle manganese bioaccumulation level of T.putitora fingerlings after feeding

graded levels of Co-NPs and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference.
Data was analyzed by adopting ANOVA followed by LSD test to compare the effect of different

Chemical forms and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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Figure 78. Muscle cobalt bioaccumulation level of T.putitora fingerlings after feeding graded

levels of Co-NPs and Co-Met complex supplemented diets for 90 days

Bars show the values as average+ SE (n=9). Different letters on bars show significant difference.
Data was analyzed by adopting ANOVA followed by LSD test to compare the effect of different

Chemical forms and dosage of dietary cobalt.

Moreover, difference between the two diet groups i.e., Co-NPs and Co-Met complex at specific
dosage level was determined by using paired T-test at 95% confidence intervals.

ns= non-significant difference; *= P<0.01 ; **=P<0.001; ***=P<0.001
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CHAPTER 4

Evaluation of the practical application of organic and
inorganic forms of cobalt supplemented diets on

T.putitora



RESULTS

Growth performance.

The effect of Co-NPs and Co-Met complex supplemented diets on the growth performance
of T. putitora after 90 days of rearing in earthen ponds is shown in table 43. Statistical analysis
done by one-way ANOV A showed a significant difference in the final weight (n=3, F4,10=303.45;
PSE=0.329; P<0.001), %WG (n=3, F410=458.36; PSE=1.699; P<0.001), %SGR (n=3,F,
10=445.26; PSE=0.0078; P<0.001), AWG (n=3, F4,10=412.92; PSE=0.283; P<0.001) and ADG
(n=3, F4,10=353.35; PSE=0.003; P<0.001) among all diet groups of fish. The post hoc pairwise
comparison indicated the positive effect of dietary Co supplementation on the growth performance
of TNI (Co-NPs 1.5mg/kg), TM3 (Co-Met 1.5mg/kg), and TM4 (Co-Met 3mg/kg) groups while a
negative effect on a TN2 group (Co-NPs 3mg/kg), of fish. Results also showed improved growth
performance parameters with an increase in Co-Met-complex supplementation while dietary Co-
NPs showed a negative effect at a higher levels (3mg/kg diet). The all pairwise comparison
indicated the highest growth performance parameters of TM4 followed by a TM3 and then a TNI

group of fish.
Immunological indices

The effect of Co-NPs and Co-Met complex supplemented diets on the immunological
indices of T. putitora after 90 days rearing in earthen ponds is shown in table 44. Statistical analysis
done by one-way ANOVA showed a significant difference in the plasma protein (n=30,
F4,145=898.16; PSE=0.057; P<0.001), IgM (n=30, F4145=1644.32; PSE=0.038; P<0.001),
lysozyme activity (n=30, F4,145=888.29; PSE=0.048; P<0.001), WBCs count (n=30, F4,145=523.45;

PSE=2.403; P<0.001),respiratory burst activity (n=30, F4,145=216.32; PSE=0.015; P<0.001) and
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phagocytic activity (n=30,F4,145=131.74; PSE=1.85; P<0.001) among all diet groups of fish. The
post hoc pairwise comparison indicated the positive effect of dietary Co supplementation on the
immunological indices of TNI (Co-NPs 1.5mg/kg), TM3 (Co-Met 1.5mg/kg), and TM4 (Co-Met
3mg/kg) groups whereas it showed negative effect on TN2 group (Co-NPs 3mg/kg) of fish.
Furthermore, TN2 group of fish showed highest respiratory burst activity (NBT activity) and WBC

count as compared to other diet groups.
Hematological indices

The effect of Co-NPs and Co-Met complex supplemented diets on the hematological
indices of T. putitora after 90 days rearing in earthen ponds is shown in table 45. Statistical analysis
done by one-way ANOV A showed a significant difference in the RBC count (n=30, F4,145=328.82;
PSE=0.014; P<0.001), Hb(n=30, F4,145=593.51; PSE=0.031; P<0.001), HCT (n=30, F4,145=110.41;
PSE=0.521;P<0.001),MCV(n=30,F4,145=15534.34;PSE=0.307;P<0.001),MCH(n=30,F4,145=4951.
69;PSE=0.187; P<0.001) and MCHC (n=30, F4,145=7711.30; PSE=0.121; P<0.001) among all diet
group of fish. The post hoc pairwise comparison indicated the positive effect of dietary Co
supplementation on the hematological indices of TNI (Co-NPs 1.5mg/kg), TM3 (Co-Met
1.5mg/kg), and TM4 (Co-Met 3mg/kg) groups while a negative effect on TN2 group (Co-NPs
3mg/kg) of fish. Results also indicated improved blood parameters with an increase in Co-Met-
complex supplementation whereas Co-NPs showed a negative effect at a higher level (3mg/kg
diet). Pairwise comparison indicated significantly highest blood parameters in TM4 followed by a

TM3 group of fish.
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Biochemical indices

The effect of Co-NPs and Co-Met complex supplemented diets on the serum biochemical indices
of T. putitora after 90 days rearing in earthen ponds is shown in table 46. Statistical analysis done
by one-way ANOVA showed a significant difference in the serum AST (n=30, F4, 145=161.33;
PSE=0.043; P<0.001) and ALT (n=30, F4,145=57.35; PSE=0.060; P<0.001) activities among all
diet groups of fish. The post hoc pairwise comparison indicated highest AST and ALT activity in
TN2 (Co-NPs 3mg/kg) followed by TN1 (Co-NPs 1.5mg/kg) and CNM group of fish whereas

lowest activity was observed in TM4 (Co-Met 3mg/kg) group of fish.
Muscle proximate composition

The effect of Co-NPs and Co-Met complex supplemented diets on the on muscle proximate
composition of T. putitora after 90 days rearing in earthen ponds is shown in table 47. Statistical
analysis done by one-way ANOVA showed a significant effect on the muscle %crude protein
(n=30, F4,145=217.39; PSE=0.0478; P<0.001), %fat (n=30,F4,145=448.25; PSE= 0.178; P<0.001)
and ash % (n=30, F4,145=114.83; PSE=0.277; P<0.001) content among all diet groups of fish. The
post hoc pairwise comparison indicated highest muscle crude protein and fat content in TM4 group
(Co-Met 3mg/kg) of fish followed by TM3 (Co-Met 1.5 mg/kg) and TN1 (Co-NPs 1.5mg/kg)
group of fish whereas highest muscle crude ash content was observed in TN2 (Co-NPs 3mg/kg)

group of fish.
Muscle amino acid profile

The effect of Co-NPs and Co-Met complex supplemented diets on the muscle amino acid

profile of T. putitora after 90 days rearing in earthen ponds is shown in table 48. Statistical analysis
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done by one-way ANOVA showed a significant effect on the muscle amino acids profile among
all diet groups of fish i.e., threonine(n=6,F425=53.4;PSE=0.030;P<0.001),methionine(n=6,
F425=68.5;PSE=0.156;P<0.001),leucine(n=6,F4,5=190;PSE=0.043;P<0.001),valine(n=6,F45=10
4;PSE=1.25;P<0.001),Isoleucine(n=6,F4,5=58.6;PSE=0.128;P<0.001),phenylalanine(n=6,F4 5=
349;PSE=0.254;P<0.001),Histidine(n=6,F425=79.2; PSE=0.168; P<0.001),lysine(n=6, F425=27.6;
PSE=0.278; P<0.001),arginine(n=6, F4,5=209; PSE=0.112; P<0.001), Aspartic acid (n=6,
F425=4.08; PSE=0.162; P<0.001), Serine (n=6, F4,5=61; PSE=0.093; P<0.001), and Alanine (n=6,
F425=220; PSE=0.164; P<0.001). The post hoc pairwise comparison indicated highest muscle

essential amino acids in TM4 group of fish followed by TM3 and TN1 group of fish.
Expression of growth and stress related genes

The effect of Co-NPs and Co-Met complex supplemented diets on the mRNA expression
of MyoD, MyoG in muscle and heat shock protein 70KDa in the liver of T. putitora after 90 days
rearing in earthen ponds is shown figure 79, 80 and 81 respectively. Statistical analysis done by
one-way ANOVA showed a significant effect on the mRNA level of MyoD
(n=6,F4,5=243.93;PSE=0.061;P<0.001), MyoG (n=6,F425=36.26;PSE=0.104;P<0.001) in the
muscle and HSP-70KDa (n=6,F425=48.81;PSE=0.176;P<0.001) in the liver of all diet groups of
fish. The post-hoc pairwise comparison indicated a significant higher mRNA levels of MyoD and
MyoG in the muscle of fish reared on diet supplemented with 3mg Co-met complex/kg diet (TM4
group) as compared to other diet groups of fish. However both of these growth genes were
downregulated in muscle of TN2 group of fish. (Fig. 79 and 80 respectively). Moreover, highest
expression of heat shock protein was observed in the liver of TN2 group (Co-NPs 3mg/kg) of fish

which were fed 3mg Co-NPs kg diet followed by TN1 group of fish (Fig.81).
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RESULTS

Table 43. Growth performance of T. putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Diet groups Statistical Analysis
CNM TN1 TN2 T™M3 T™4 PSE # P-value F- value

Wi (g) 15.97? 15.98? 15.97% 15.93? 15.92? 0.940 0.953 0.162

Wi (g) 36.904 39.92¢ 33.70° 40.90° 44377 0.329 0.001 303.45
WG (%) 131.04¢ 149.82°¢ 111.23¢ 156.83° 178.67% 1.699 0.001 458.36
SGR(%body weight/day) 0.93¢ 1.02°¢ 0.83° 1.05° 1.14% 0.0078 0.001 445.26
AWG (g) 20.93¢ 23.94¢ 17.73¢ 24.97° 28.45° 0.283 0.001 412.92
ADG (g) 0.234 0.27° 0.20° 0.28° 0.322 0.003 0.001 353.35

Data is expressed as average value (n=3).Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed by
adopting ANOVA followed by LSD.

Wi=average initial weight of fish Wi=average final weight of fish; %WG= percentage weight gain; AWG= Average weight gain during 90 days/fish;
ADG= Average daily weight gain/fish; %SGR=Specific growth rate (%body weight/day);

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs/kg diet; TM3= 1.5 mg Co-Met complex /kg diet; TM4= 3.0 mg Co-Met
complex /kg diet.
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Table 44. Immunological indices of T.putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Diet groups Statistical Analysis

CNM TNI1 TN2 T™M3 TM4 PSE® — Povalue — F-value
Plasma protein (mg/ml) 5.63¢ 6.13°¢ 4.82° 6.83° 8.01% 0.057 0.001 898.16
IgM (mg/ml) 3.26¢ 3.81° 2.28°¢ 4.51° 5.23% 0.038 0.001 1644.32
lysozyme activity (png/ml) 6.254 6.97° 6.01° 7.45° 8.54? 0.048 0.001 888.29
WBC (10° w/L) 158.79° 159.52° 247.87° 163.40° 162.49° 2.403 0.001 523.45
NBT (OD=540nm) 0.642° 0.675° 0.804% 0.462¢ 0.394°¢ 0.015 0.001 216.32
Phagocytic activity (%) 51.94¢ 55.63° 29.14¢ 57.08° 70.67° 1.85 0.001 131.74

Data is expressed as average value (n=30).Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting ANOVA followed by LSD.

a=Pooled standard error mean

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs /kg diet; TM3= 1.5 mg Co-Met complex/kg diet; TM4= 3.0 mg Co-Met
complex /kg diet
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Table 45. Hematological indices of T. putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Diet groups Statistical Analysis

CNM TN1 TN2 T™3 T™M4 PSE 2 P-value F- value
RBC (10°w/L) 1.110¢ 1.178° 1.074¢ 1.201° 1.55% 0.014 0.001 328.82
HB (g d/1) 6.8029 7.22° 6.49° 7.367° 7.88% 0.031 0.001 593.95
HCT (%) 33.11°¢ 36.79° 32.15°¢ 36.09° 42.02% 0.521 0.001 110.41
MCYV (cm? erythrocyte) 171.9° 172.31° 114.29¢ 175.19% 178.09% 0.307 0.001 15534.34
MCH (pg) 32.684 33.14¢ 27.08° 43.93% 50.03% 0.187 0.001 4951.69
MCHC (Hb/100 ml blood) 42.63¢ 45.97° 39.27¢ 55.53° 55.82% 0.121 0.001 7711.30

Data is expressed as average value (n=30).Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed

by adopting ANOVA followed by LSD

a=Pooled standard error mean; RBC= red blood cell count; HB= Hemoglobin level; HCT= hematocrit; MCV=mean corpuscular volume; MCH= mean

corpuscular hemoglobin; MCHC= corpuscular hemoglobin concentration

CNM-= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs/kg diet; TM3= 1.5 mg Co-Met complex /kg diet; TM4= 3.0 mg Co-Met

complex /kg diet
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Table 46: Biochemical indices of T. putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Diet groups Statistical Analysis
CNM TN1 TN2 TM3 TM4 PSE @ P-value F- value
AST activity (U/L) 301b 3.17° 3.53° 2.96° 2.484 0.043 0.001 161.33
ALT activity (U/L) 2.81° 2.82° 3.44° 2.80° 2.58° 0.060 0.001 57.35

Data is expressed as average value (n=30).Values with different letters within the same rows are significantly different (P<0.05).

a=Pooled standard error mean

CNM-= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs/kg diet; TM3= 1.5 mg Co-Met complex/kg diet; TM4= 3.0 mg Co-Met

complex /kg diet
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Table 47: Muscle proximate composition of T.putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex

(organic) supplemented diets

Diet groups Statistical Analysis
CNM-2 TN1 TN2 ™3 T™M4 PSE 2 P-value F- value
Protein (%) 60.319 65.88° 57.94¢ 66.87° 70.16* 0.478 0.0001 217.39
Fat (%) 9.125° 12.81° 8.90° 14.31° 14.22° 0.178 0.0001 448.25
Ash (%) 11.83¢ 13.05° 17.26% 12.76° 13.30° 0.277 0.0001 114.83

Data is expressed as average value (n=30).Values with different letters within the same rows are significantly different (P<0.05). Data was analyzed
by adopting ANOVA followed by LSD a=Pooled standard error mean

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs/kg diet; TM3= 1.5 mg Co-Met complex/kg diet; TM4= 3.0 mg Co-Met
complex /kg
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Table. 48. Muscle amino acid profile of T.putitora after 90 days rearing in earthen ponds on Co-

NPs (inorganic) and Co-Met complex (organic) supplemented diets

Diet groups Statistical Analysis
CNM TN1 TN2 TM3 T™M4 PSE?* P-value F-value

Essential amino acids (EAA)
Threonine 1.37¢ 1.72°  0.49¢ 1.70°>  2.41*  0.030 0.001 534
Methionine 494>  671*  376°  650° 656  0.156  0.001 685
Leucine 1.71° 1.77°  0.69° 1.74>  235*  0.043  0.001 190
Valine 7.96%  10.94° 6.83%¢ 1647 19.21* 1250  0.001 104
Isoleucine 2,134 2.64° 1.46° 332>  3.96*  0.128 0.001 58.6
Phenylalanine 6.06¢  10.44° 627  13.70> 17.05* 0254  0.001 349
Histidine 1.53¢ 256  031° 323> 415 0168  0.001 792
Lysine 355 426 1919 471° 585 0278  0.001  27.6
Non-Essential amino acids (NEAA)
Arginine 5679 618 352 7.16°  7.59%  0.112  0.001 209
Aspartic acid 1.172 1.07%°  1.13*  0.61®  1.53*  0.162  0.001  4.08
Serine 374 429 273 363 465  0.093 0001 61
Alanine 6.22°  5.66°  11.53* 6.57° 893> 0164  0.001 220

Data is expressed as average value (n=6).Values with different letters within the same rows are significantly

different (P<0.05). Data was analyzed by adopting ANOVA followed by LSD.

a=Pooled standard error mean

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs/kg diet; TM3= 1.5 mg Co-Met
complex/kg diet; TM4= 3.0 mg Co-Met complex/kg diet
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Figure 79. mRNA expression level of myoblast determination protein 1 homolog MyoD gene
in muscle tissues of T.putitora after 90 days rearing in earthen ponds on Co-NPs (inorganic)

and Co-Met complex (organic) supplemented diets

Bars shows the values as average+ SE (n=6). Data was analyzed by adopting ANOVA followed
by LSD. Different letters on bars shows significant difference.

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs /kg diet; TM3= 1.5
mg Co-Met complex/kg diet; TM4= 3.0 mg Co-Met complex/kg diet
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Figure 80. mRNA expression level of myogenin gene in Muscle tissues of T. putitora after 90
days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Bars shows the values as average+ SE (n=6). Different letters on bars shows significant difference.
Data was analyzed by adopting ANOVA followed by LSD

CNM-= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NP /kg diet; TM3= 1.5 mg
Co-Met complex/kg diet; TM4= 3.0 mg Co-Met complex/kg diet
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Figure 81. mRNA expression level of heat shock protein 70KDa in liver of T. putitora after
90 days rearing in earthen ponds on Co-NPs (inorganic) and Co-Met complex (organic)

supplemented diets

Bars shows the values as average+ SE (n=6). Different letters on bars shows significant difference.
Data was analyzed by adopting ANOVA followed by LSD

CNM= Control group; TN1= 1.5 mg Co-NPs/kg diet; TN2= 3.0 mg Co-NPs /kg diet; TM3= 1.5
mg Co-Met complex/kg diet; TM4= 3.0 mg Co-Met complex/kg diet
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DISCUSSION

The important role of many minerals in various intra and extracellular physiological functions
of the body and their impact at an optimum level on the growth and annual production of fish is well
documented (Lall, 2003). A dietary mineral requirement of fish depends on different factors, like
chemical form, particle size of the mineral, dosage level, genetic makeup, nutritional status, and
developmental stage of fish (Kratzer, 2018). Based on concentration and consumption, many
investigators reported dose-dependent toxicity of various metals in different fish species (Jaishankaret

al., 2014; Green and Planchart, 2018; Ale et al., 2018).

Though the effect of dietary cobalt supplementation on the growth performance, survival,
protein synthesis, hematological, and immune indices of fish has been reported by some investigators
(Blust, 2011; Nasri et al., 2019), no information is available regarding cobalt uptake, its utilization,
bioaccumulation, and nutritional requirement in T.putitora. Therefore, the present study was designed
to determine the optimum dietary supplementation levels of an organic and inorganic form of cobalt
for T. putitora. The study was conducted in three phases. First optimum dietary supplementation level
of the conventional inorganic form of cobalt, cobalt chloride (CoCl) was determined by feeding
graded levels of CoCl as feed supplement for 90 days to different groups of fish and evaluating its
effect on growth performance, proximate body composition, and metal bioaccumulation level in the

muscle of advanced fry of T. putitora.

Fish growth performance is considered a reliable indicator to evaluate the beneficial and
toxicological effects of metal (Jaishankar et al., 2014). In the present study, the improved growth
performance of the fish i.e., higher %WG, %SGR and AWG was observed with the increasing level
of cobalt up to supplementation level of 2mg/kg diet (R?>= 0.889; Fig.34) and beyond that fish showed
reduced growth (Table 22). Like our results, Sapkale et al. (2011) also reported improved growth
performance of Lates calcarifer at the same dosage level, i.e., 2mg Co/kg diet. However, other fish

species showed optimum growth performance at different dosage levels, 1.e., greater than or lower
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than the dosage level observed in the present study. For instance, Mukherjee and Kaviraj, (2009)
reported a 40% increase in weight gain and improved survival rates of C. carpio hatchlings when
reared on diet supplemented with ImgCo/kg diet, while at the same dosage level (Img Co/kg diet),
Blust, (2011) reported a 229% increase in weight gain, and 108% increase in total body length of Liza
parsia. However, Ictalurus punctatus showed optimum growth performance at lower dosage levels,
i.e., 0.5mg Co/kg diet (Sapkale et al., 2011), while 0.1% and 0.003% dietary cobalt supplementation
had been proved as an important candidate to improve the growth indices of Heteropneustes fossilis
(Mukherjee and Kaviraj, 2011), and C.carpio fingerlings (Mukherjee and Kaviraj, 2009) respectively.
Moreover, some fish showed better performance at higher dosage level e.g. Clarias batrachus at Smg
Co/kg diet (Sapkale and Singh, 2011), and Epinephelus malabaricus at 10mgCo/kg diet (Lin et al.,
2010).The dietary requirement of minerals depends on species, developmental stage, size, sex,
feeding, and culture conditions of fish (Hans and Jana, 2018).Therefore, differences in optimal dietary
requirement of cobalt in different fish species may be due to variation in feeding habits, physiology,
and metabolic demand of micro minerals. The improved growth performance observed here or
reported by others in different fish species in response to dietary cobalt could be due to the
involvement of Co as a cofactor in many metabolic enzymes and regulation of physiological and
biochemical processes, manufacturing of muscular protein and hemoglobin synthesis in fish (Paul,
2001; Blust, 2011). Moreover, Hertz et al.(1989) reported an increase in the labeled amino acid
incorporation into fish muscle proteins in response to dietary Co supplementation and indicating a

protein-sparing effect of cobalt in fish.

Cobalt is an essential micro-mineral (Blust, 2011), but beyond optimum requirement, it
becomes toxic (Mukherjee and Kaviraj, 2009). For instance, at higher cobalt supplementation,
Oncorhynchus mykiss showed a reduced growth rate, hemorrhage in the gastrointestinal tract, and

changes in WBCs count (Atamanalp et al., 2011). In our study, dietary cobalt above the 2mg/kg diet
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inclusion level negatively affected the growth performance of fish, i.e., groups of fish fed 2.5mg
Co/kg diet, and 3mg Co /kg diet showed 8% and 11% reduced %WG respectively (Table 22) as
compared to control group of fish, thus indicating a dosage-dependent toxic effect of dietary cobalt
in fish. Similar observations have been reported to show reduced growth performance of fish in
response to dietary cobalt above the optimal level, e.g. Heteropneustes fossilis showed reduced
weight gain when a dietary supplementation level of Co was above 0.01% (Mukherjee et al., 2011).
Similarly, in rainbow trout, Co at higher dietary supplementation level, i.e., above 5g/kg diet caused
toxicity (Chanda et al., 2015), while L. rohita showed decrease growth rate when exposed to sub-
lethal concentrations of cobalt (Alkesh and Bharat, 2014). The reduced growth rate may be due to
reduced feed intake (Javed, 2013) or inhibition of certain enzymes. It is well-documented that cobalt
has a high affinity with SH (sulthydryl) groups and at higher concentration it displaced the cations
(Fe, Zn, etc.) from metal activated enzymes and inhibits important mitochondrial enzymes involved
in respiration (Additives et al., 2009), thus resulting in oxidative stress and damage DNA, protein,
and fat (Marr et al., 1998; Blust, 2011; Simonsen et al., 2012). Many investigators reported cytotoxic,
carcinogenic, and genotoxic effects associated with the inflammatory response and necrosis in
response to concentrations of Co above optimal levels in different organisms (De Boeck et al., 2003;

Simonsen et al., 2012).

Dietary cobalt up to an inclusion level of 2mg/kg also showed a significant dose-dependent
positive effect on the proximate composition of T. putitora. The impact of the feed formulation on
the overall proximate composition of fish is well documented (Shearer, 1994; Rasmussen, 2001;
Karapanagiotidis et al., 2019). The proximate composition, i.e., crude protein, fat, and ash contents
provides information about the efficiency of nutrient transfer from feed to the fish (Pangle and Sutton,
2005) and the overall physiological condition of fish (Yeannes and Almandos, 2003). It is considered

an important quality indicator that depends on multiple exogenous (water temperature, salinity, DO,
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etc.), endogenous (age, strain, size of fish), and dietary factors (composition, feeding frequency,
ration level, etc.) (Alemu et al., 2013). In the present experiment, all groups of fish were reared on

the same 40% crude protein diet under similar culture conditions.

Fish are nutritious source of proteins, vitamins, omega-3 fatty acids, and minerals. Protein
content of fish has biological importance due to the presence of all essential amino acids and higher
digestibility value (Kaushik and Seiliez, 2010; Sujatha et al., 2013). In our experiment, crude protein
level of advanced fry of T. putitora increased in response to cobalt up to an inclusion level of 2mg/kg
as compared to a non-supplemented group of fish (control) (Table 23). According to Finley et al.
(2012), cobalt is involved in the synthesis of proteins, RBC, and fatty acids and repairs of the myelin
sheath of central nervous system (CNS). Consistent with our results, different scientists had reported
an increase in crude protein content of fish in response to dietary cobalt. Mukherjee and Kaviraj
(2009) have reported an increase in the muscle crude content of C. carpio when reared on diet
supplemented with 1% cobalt, whereas 0.10% cobalt supplemented diet significantly improved the
crude protein level of Heteropneustes fossilis (Mukherjee and Kaviraj, 2011). Furthermore, similar
results were reported by Tonye and Sikoki (2014) in Oreochromis niloticus and Al-Ghanem (2011)
in C. carpio. The increase in protein content in response to cobalt observed here and reported by
others may be due to the involvement of Co in protein-sparing effect and the incorporation of amino
acids in fish muscle (Hertz et al., 1989; Kawakami et al., 2012). According to Tonye and Sikoki
(2014) cobalt is a biologically active element which plays several metabolic function inside the body;
enhanced synthesis of muscular protein, and nitrogen assimilation. In our experiment, increase in
dietary cobalt supplementation above 2mg/kg reduced the whole body crude protein content of fish,
which may be due to the dose-dependent toxic effect of cobalt inside the body (Finley et al., 2012).
In contrast, body crude protein and fat contents showed an increasing trend with an increased level

of Co in the diet (Fig.37). Similar to our results, an increase in crude fat in response to dietary cobalt
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was observed in common carp (Mukherjee and Kaviraj, 2009; Al-Ghanem, 2011), Heteropneustes
fossilis (Bloch) (Mukherjee and Kaviraj, 2011), and Oreochromis niloticus (Tonye and Sikoki, 2014).
Other than fish, dietary cobalt up to 0.15-0.25 mg/kg feed is commonly used as a fattening agent in

cattle farming (Schwarz et al., 2000; Spears, 2002; Kincaid et al., 2003; Nocek et al., 2006).

Fish are a healthy source of essential micro minerals for human consumption (Steftens, 2006).
The fish's proximate composition analysis also includes analysis of ash content: mineral content in
fish. Unfortunately, the inclusion of dietary minerals above their optimum supplementation levels
results in toxic effects, whereas deficiency of any particular micro mineral leads to the
bioaccumulation of other metals inside the fish body such as gut, liver, kidney, and muscle. Thus,
their inclusion in the diet should be carefully monitored so that they do not bio-accumulate
(Tchounwou et al., 2003; Soetan et al., 2010). We did not find any previous report regarding the RDA
(recommended daily allowance) standardization of cobalt supplementation in T. putitora. In our
study, crude ash content was found to be directly correlated with the dietary cobalt dosage level, with
a maximum level in a group of fish fed 3mg Co/kg diet. It may indicate an increase in metal
bioaccumulation in different tissues with an increase in the dosage level of Co (Lall, 2003). Cobalt
does not strongly accumulate in most fish species like other metals, but its bioaccumulation and

distribution mechanism in fish is still not precisely known.

The International Atomic Energy Agency (IAEA) published a report in 2010 on cobalt
bioaccumulation levels in different fish species. According to them, cobalt bioaccumulation in fish
depends on various factors, including routes of exposure, water temperature, feeding rate, size,
species and metabolic state of the fish. Thus, literature revealed variation in the rate of
bioaccumulation of Co in different fish species (Ozparlak et al., 2012; Visetpotjanakit and
Khrautongkieo, 2018; Niemiec, et al., 2019). Cobalt is mostly taken up in the body via a dietary

source (Blust, 2011), water-soluble cobalt compounds are easily absorbed across the small intestine
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(Simonsen et al., 2012). Tissue partitioning of cobalt is time and dosage-dependent and in general
most of the ingested cobalt is accumulated in kidneys, liver, gut and to some extent in the skeletal
muscles. International Commission on Radiological Protection (ICRP) had developed the biokinetics
of inorganic forms of ingested cobalt inside the body. According to them, 50% of the ingested cobalt
is removed via excretion, while 5% store in the liver and 45% of the remaining cobalt is stored in

other body organs (Unice et al., 2012; Czarnek et al., 2015).

In the present study, we found a direct correlation between dietary cobalt and the muscle
cobalt bioaccumulation level (R? = 0.952) (Fig.41). Similar results were reported by Yildiz (2008) in
different fish species. Most metals are competitive inhibitors of each other for their uptake across the
intestinal membranes (Bertolo et al., 2001). Here, an increased inclusion level of cobalt in diet
negatively affected bioaccumulation of divalent metals, i.e., Fe and Mn (Table 24). It seems that Co
by competitive-concentration-dependent interaction restricts mucosal uptake of these metals across
intestinal lumen. Cobalt is mostly absorbed across the tissues via DCTI (di-valent metal transporter)
voltage-gated calcium channels (VGCC) (Okamoto and Eltis, 2011), and the same DCTI is also

involved in the transport and absorption of Fe and other divalent ions (Hediger et al., 2002)

For the validation of results, we also determined the effect of Co supplementation on the
expression of growth-related genes (myoblast determination protein 1MyoD and Myogenin MyoGQG)
in the muscle, and the stress response gene (heat shock protein, HSP-70KDa) in the liver. The
physiological function and health status of fish depend on genetic makeup, environmental factors
(including nutrients), and interactions among them (Bimal et al., 2020). Therefore, basic molecular
level knowledge is required to understand growth mechanisms and enhance annual aquaculture
production (Hakim et al., 2018). Nowadays, nutrigenomics is gaining much attention (Martin and
Krol, 2017) and research is in progress to evaluate the effect of feed supplements on gene expression

and regulation of gmechanisms (Martin and Krol, 2017; Williams and Watts, 2019). Unfortunately,
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genomic study related to dietary cobalt effect on fish is inadequate and is limited to particular fish

species and specific genes (Blust, 2011).

Yet, the whole genome of T.putitora is not sequenced, therefore, we first cloned the genes of
interest and then sequenced them to obtain their nucleotide sequence. Since mahseer belongs to the
Cyprinidae family, the multiple species alignments of peptide sequences of MyoD, MyoG, and HSP-
70kDa with other closely related fish species such as Danio rerio, Cyprinus carpio and
Ctenopharyngodon idella showed the highest sequence similarities, i.e., with C. idella (100%), D.
rerio (99.3%) and C. Carpio (97.9%) whilst it was 87.1 to 92.4% similar to other fish species.
However, it was less similar to mammalian orthologues i.e., 82.1% with Homo sapiens and 82.9%
with Mus musculus (Fig. 14 and 15). Additionally, the MyoG gene was 90.2% and 94.1% similar
with D. rerio and C. carpio (Fig. 19 and 20). Furthermore, HSP-70kDa was 98.3% to D. rerio (Fig.
24 and 25). After gene cloning, MyoD, MyoG, and HSP-70kDa were submitted to NCBI to obtain
their accession numbers. Here the expression of both growth-related genes MyoD and MyoG in
muscle is in accord with growth performance data, i.e., up-regulated in response to dietary cobalt at
2mg/kg inclusion level. It may be due to activation of hypoxia-inducible factor HIFa in the presence
of cobalt (Wagatsuma et al., 2011), and the stimulation of several myogenic regulating factors (MRF),
1.e., MYF- 4 and 5, and MyoD (Rescan, 2001). HIFa is localized in the nuclear and cytoplasmic
regions of growing myoblasts and myotubes. Co increases the expression of HIFa which then
stimulates several myogenic regulating factors (MRF), i.e., MYF- 4 and 5, and MyoD (Rescan,
2001). These myogenic factors encode the basic helix looped helix (b HLH) proteins in fish, whose
increased expression plays an important role in the regulation of myogenesis and specification of
newly synthesized muscles (Lin et al., 2006). Since MyoD regulates the proliferation, and activation
of satellite cells towards the myogenic lineage while MyoG is involved in the myoblast fusion, and

cell differentiation to synthesize new muscle fibers during fish muscle growth; a key regulator of
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skeletal muscle synthesis (Braun and Gautel, 2011), thus the expression of both of these genes
resulted in the increased number of muscle fibers size of fish skeletal muscle and overall growth
performance of the fish. Besides myogenesis, cobalt also induces the expression of glucose
transporters and various glycolytic enzymes, which in turn facilitates the anaerobic energy

metabolism of newly formed myofibers (Wagatsuma et al., 2011).

At the cellular level, fish possess highly developed stress response mechanisms to cope with
the changing internal and external environmental conditions (Kayhan and Duman, 2010). According
to Oksala et al. (2014), the cell can respond to chemical stress by inducing the activation of a series
of stress proteins including heat shock proteins. Several heat shock proteins have been identified in
fish which are activated in response to both biotic and abiotic stress (Iwama et al., 1998). Among
them, HSP-70KDa is commonly used as a stress biomarker due to its significant role in cytoprotection
and rapid expression under cellular stress (Basu et al., 2002). Here, we found a significant increase
in expression of HSP-70KDa in the liver of groups of fish reared on a diet supplemented with 3mg
Co/kg than other groups of fish, indicating cobalt toxicity. It seems that at higher dosage levels of Co,
the cytoprotective mechanisms of T. putitora became activated. Over expression of HSP-70KDa
gene, 1.e., activation of cytoprotective mechanisms against metal toxicity is also reported by Piano et
al. (2004). It is documented that under stress conditions, fish reduce the feed intake (Trenzado et al.,
2006), thus the poor growth performance at higher dosage levels of cobalt may also be due to poor

feed intake and insufficient availability of essential nutrients required for optimal growth of fish.

Several intrinsic and extrinsic factors affect the mineral bioavailability inside the body (Forbes
and Erdman Jr, 1983; Harvey, 2001). Among them, the size of the supplemented mineral is an
important extrinsic factor that affects mineral absorption and its utilization in animals (Miles and
Henry, 2000; Kratzer, 2018). New techniques including nanotechnology have recently become

attractive in fish nutrition for improving the stability, absorption, and bioavailability of the
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micronutrients in the body (Handy, 2012). Nanotechnology involves the synthesis and application of
materials/elements at their molecular levels i.e., at their nanometer scales (Lin, 2007). Metal
nanoparticles (MNPs) are very small in size (<100 nm) and possess unique physical and chemical
properties. Generally, the reduction in size, i.e., from bulk to nano-scale, also changes the
physiological and chemical properties of materials e.g. convert the non-soluble, non-diffusible, and
inert materials into soluble, diffusible and reactive ones (Wang and Li, 2010). The high absorption
and assimilation of nano forms of several minerals, including zinc (Zn), selenium (Se), and iron (Fe)
and their positive impact on growth and immune responses of different fish species is well
documented e.g. Pangasius hypophthalmus (Kumar et al., 2017), Macrobrachium rosenbergii
(Muralisankar et al., 2014), Argyrosomus regius (Mansour et al., 2017), Clarias batrachus (Akter et
al., 2018), and Sparus aurata (Rigos et al., 2010). By realizing the efficiency of NPs, we also prepared
cobalt nanoparticles (Co-NPs) by adopting a top-down approach and evaluated their efficacy and

optimum dosage for T. putitora.

MNPs can be prepared by physical, chemical, and biological methods (Rajput, 2015). Two
approaches, i.e., bottom-up and top-down are commonly under consideration during the preparation
of NPs. The bottom-up approach involves the assembly of atoms, ions, and molecules as building
blocks, while top-down involves the decomposition of bulk solid into nano-scale by mechanical force,
which also controls the shape and size of particles. Top-down approach is the cheapest, fastest, and
most suitable method for the synthesis of nanoparticles at industrial level (Ghiuta et al., 2017). We
also adopted this approach and used a ball mill device for the synthesis of Co-NPs. Our prepared
particles (Co-NPs) were <20nm in size and had a spongy surface (Fig. 45). Like us, Mirzaie et al.
(2013) also used a similar method for the synthesis of cobalt chloride nanoparticles. Due to the high
chance of contamination, some scientists have been concernecd (Rajput, 2015). However, the electron

dispersal spectrum (EDS) of our Co-NPs did not show any impurities (other metals close to these
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synthesized NPs) and indicated the presence of 21% oxygen, 40.33% chloride, and 37% cobalt (Fig.

50A).

The chemical form is also the main extrinsic factor that affects mineral utilization in living
organisms (Kratzer, 2018). Metal-amino acid complexes are commonly present in biological systems
and perform an important function in bio-inorganic chemistry such as absorption, storage, and
transport of metal ions and metalloproteins to the target sites, where they play different roles e.g., act
as enzyme catalysts, transport of oxygen, part of important vitamins, etc. (Ashmead, 2012). In our
experiment, we converted the inorganic form of cobalt i.e., CoClz into its organic form by its chemical
conversion into cobalt methionine complex (Co-Met). We used methionine for complexing cobalt,
which is an important amino acid for the living body and is considered a limiting amino acid in the
fish diet (Luo et al., 2005). Synthesized Co-Met complex was characterized for size and surface
morphology by using x-rays diffraction spectroscopy (XRD) (Fig.46), and scanning electron
microscope (SEM) (Fig. 48). XRD is mostly used for solid crystalline substances, as they can diffract
x-rays at their inter planer surfaces that allow us to study their accurate crystalline phases and structure
(Sharma et al., 2012). Unfortunately, XRD analysis of Co-Met did not show any peak, which might
be due to the amorphous nature of the complex. We further characterized the Co-Met complex by
using a scanning electron microscopy. SEM image revealed the average size of complex 82.69 nm
with a honeycomb like octahedral structure, which might be due to the bonding of central cobalt with
methionine (Ashry and Melegy, 2015). Literature revealed that cobalt methionine complex has been
used as a feed supplement (Qadir et al., 2014; Ayub et al., 2017), as an antimicrobial agent (McAuliffe

et al., 1966; Rusu et al., 2009).

In the present study, we used graded levels of different chemical forms of dietary cobalt (Co-
NPs and Co-Met complex), and evaluated their beneficial and toxicological effect on T.putitora

fingerlings. No previous work so far has been done to evaluate the effect of dietary Co-NPs and Co-
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Met complemented diets in T.putitora. The results of our feeding trials indicated the significant effect
of graded levels of both forms of dietary cobalt on the growth performance of fish. Improved growth
performance (%WG, %SGR and ADG) was observed in groups of fish reared on diets supplemented
with Co-NPs up to an inclusion level of 1-1.5mg Co/kg (Table 25). Though some scientists had
reported growth the stimulating effect of cobalt in different fish species (Mukherjee and Kaviraj,
2009; Al-Ghanem, 2011; Blust, 2011; Mukherjee and Kaviraj, 2011), however, we did not find any
literature regarding the effect of nanoform of cobalt chloride supplemented diet on growth
performance of T.putitora. Like our results, many scientists reported the improved growth
performance of different fish species in response to the dietary inclusion of other metals NPs
supplemented diets e.g. Zhou et al. (2009) reported the improved growth performance, increased
muscle protein, and reduced feed conversion ratio of Carassius auratus gibelio in response to Se-
NPs, and Faiz et al. (2015) reported the improved the growth performance of Ctenopharyngodon

idella in response to ZnO-NPs supplemented diet.

In the present study, improved growth performance in response to Co-NPs supplemented diet
as compared to the control group of fish could be due to increased mineral absorption across the
gastrointestinal membranes (Bhattacharyya et al., 2015). NPs an have different effect on different fish
species at different developmental stages, depending on their chemical nature, form, and size (Zhu et
al., 2012; Baker et al., 2014; Koelmans et al., 2015). According to Sajid et al. (2015), dietary metals
NPs significantly affect the growth performance of aquatic organisms due to their increased
absorption from the gut lining into the body rather than partly or unused excreted from the
gastrointestinal tract. Due to their small size and high surface area to volume ratio, NPs are highly
bio-available thus required in less quantity which makes them cost-effective (Griffitt et al., 2008).

Our results also confirm this, as we observed improved growth performance of T. putitora at lower
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dosage levels of Co-NPs (1-1.5 mg/Kg diet) as compared to conventional CoCl» (macro-scale) which

is required at higher dosage levels (2 mg/kg diet).

In this part of the study, dietary Co-NPs, above 1.5mg Co/kg inclusion level significantly
reduced the growth performance of the fish in a dosage-dependant manner with the lowest growth
performance in a N6 group of fish reared on 3mg Co-NPs/kg diet. Reduced growth performance may
indicate the toxicological effect of NPs (Sarkar et al., 2015). Several scientists had reported NPs
toxicity in aquatic animals (Kovacic and Somanathan, 2013; Zaichenko and Stoika, 2014; Ahmad et
al., 2015; Mansouri et al., 2015; Sajjadi and Sarasiab, 2018). It is well documented that higher dosage
levels of MNPs negatively affect the development and survival of fish and result in concentration-
dependent increased mortality (Shaw and Handy, 2011). Kwon et al. (2009) reported the cytotoxic
effect of Co-NPs at high concentration levels that negatively affected the growth performance of L.
rohita. Several factors affect the MNPs toxicity in fish including size, shape, surface morphology,
structural properties, and chemical composition. These factors affect the physiological interaction

between metal nanoparticles (MNPs), and the target tissue (Handy et al., 2008).

Overdosing of trace minerals is a major concern to wild populations of aquatic organisms, due
to the discharge of aquaculture effluent in natural water bodies (Griaslund and Bengtsson, 2001). An
excess of these minerals not only poses a health risk to fish but also unhealthy for human
consumption. Commercial fish feed usually contained a considerably high level of zinc, selenium,
manganese, iron, and copper than the optimum requirement of fish (Nguyen et al., 2019). Mostly
inorganic forms of minerals like acetate, nitrate, sulfate, chloride, and carbonate are less costly, so

they are generally overdosed in commercial fish feeds to make sure their generous safety factor

(Nguyen et al., 2019).

In aquaculture feed industry, amino acid chelated mineral (an organic form of minerals) for

trace mineral supplementation is also getting importance due to their enhanced absorption (Rider et
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al., 2010). In our study, Co-Met complex enriched diet also showed dose-dependent improved growth
performance of T.putitora fingerlings as compared to a non-supplemented group of fish (P<0.05)
(Table 31). As compared to Co-NPs, Co-Met did not show any toxicological effect and showed
optimum growth performance at 3 mg Co-Met/kg diet dosage level. No literature is available for the
comparison of our results. However, some scientists reported significantly improved bioavailability
of other trace elements chelated with amino acid and their positive impact on the growth performance
of different fish species. For instance, Apines-Amar et al. (2004) reported improved growth
performance of Oncorhynchus mykiss when reared on a diet supplemented with Zn-Met complex
(organic) as compared to the inorganic form of Zn. Similarly, Wang and Lovell (1997) observed
improved growth performance in channel catfish Ictalurus punctatus in response to selenium
methionine complex supplemented diet in contrast to the inorganic form of selenium. The high
bioavailability and most significant positive effect of amino acid chelated minerals could be due to
their stable configuration. According to Bharadwaj et al. (2014), the presence of heterocyclic ring
structure in amino-chelated trace elements protect them from any chemical reaction in the
gastrointestinal lumen and made them resistant for their binding to different antagonists/ inhibitors,
thus making them less susceptible to precipitating out into intestinal lumen, easily attach to the
intestinal receptor sites and absorbed. We further observed that groups of fish fed Co-Met complex
performed better as compared to fish fed the same dosage levels of conventional CoCl> or Co-NPs.
It seems the Co-Met complex is required in less amount as compared to inorganic form of Co. Many
investigators indicated the less dietary requirement of amino acid chelated trace minerals (organic
form) as compared to an inorganic form of metals that suggested that it may be due to the higher
bioavailability, better utilization, minimum loss of metals to the environment (Spears, 1996; Nollet
etal., 2007). According to Taylor-Pickard and Tucker (2005), in natural fish feed ingredients minerals

are bonded to amino acids and protein, so using amino acid chelated elements (organic form) is a
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natural way to supplement trace elements and protect both culture and wild fish stocks from metal

toxicity.

For the determination of the optimum supplementation level of dietary inorganic and organic
Co, we used several biological and molecular markers. In aquaculture, hematological indices are an
important tool to monitor the physiological status, immune potential, and pathological changes
in fish.It depends on many extrinsic and intrinsic factors including species, sex, size, stocking density,
culture system, diet compositions, water quality, etc. (Fazio, 2019). Many investigators reported
changes in hematological indices of different fish species in response to various toxicants, including
metals (Atamanalp et al., 2010; Ololade and Oginni, 2010; Abarghoei et al., 2015; Burgos-Aceves et
al., 2019). In this part of the study, we observed significant effects of graded levels of both organic
and inorganic forms of Co on the hematological indices such as RBC, Hb, MCH, MCHC, and MCV
of T. putitora. All groups of fish fed Co-Met complex supplemented diets showed dose-dependent,
increasing trend in hematological parameters (RBCs, Hb, HCT%, MCV, MCH, and MCHC) of fish,
with a maximum at a dosage level of 3mg Co-Met /kg diet (Table 32). However, in response to dietary
Co-NPs, an increasing trend in hematological parameters was observed up to 1.5mg Co-NPs/kg diet,

then all indices showed a decreasing trend with an increasing dosage level of Co-NPs (Table 26).

Cobalt plays an important role in hemopoiesis via activation of hypoxia-mediated signaling
mechanisms HIF-1a, and stimulation of erythropoietin (EPO) gene expression (Maxwell and
Salnikow, 2004; Ke and Costa, 2006). Besides these, cobalt ions also induce several hematopoietic
and non-hematopoietic effects of erythropoietin such as modification of glucose and lipid metabolism
(Hojman et al., 2009), and the expression of other HIF response genes like multiple angiogenic
growth factors e.g., VEGF (vascular endothelial growth factor) and angiopoietin, glucose
transporters, cell proliferation, etc. (Simonsen et al., 2012). EPO is an important glycoprotein that

stimulates the production of red blood cells and modification of glucose, and lipid metabolism
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(Hojman et al., 2009). Increased EPO gene expression in response to cobalt has been observed in rats
after a single intraperitoneal injection of cobalt chloride (60 mg/kg body weight) (Lison, 2015). Here,
the improved hematological indices of T.putitora especially RBCs and HB, in response to Co may
indicate the stimulation of erythropoietin production and improvement in oxygen-carrying capacity
and overall health of fish (Lippi et al., 2006; Finley et al., 2012). Unfortunately, no comparable study
is available for comparison of our results of dietary organic (Co-Met complex) and inorganic (Co-
NPs) cobalt effect on the hematological indices of fish. However, Atamanalp et al. (2010) reported
increased RBCs count and %HCT in Salmo trutta fario and RBCs count and MCHC level in
Oncorhynchus mykiss after 180 pg/L CoCl, exposure. Moreover, Kubrak, et al. (2012) reported

increased blood hemoglobin level in Carassius auratus in response to cobalt (50—150 mg/L).

The presence of toxic levels of metal in the aquatic environment and food exerts a toxic effect
at both cellular and molecular levels that ultimately results in physiological and biochemical changes
in fish (Jiwan and Ajah, 2011; Liu et al., 2016). Though we did not notice any toxic signs on the
hematological indices of fish fed Co-Met complex supplemented diet yet, a dose-dependent
decreasing trend was observed in groups of fish fed Co-NPs above 1.5mg/kg diet. Like our results,
many scientists reported a dose-dependent toxic effect of cobalt exposure on hematological indices
of fish (Finley et al., 2012). For instance, Oreochromis mossambicus showed reduced RBC and Hb
level, when exposed to Co at higher concentration (30-150 ppm) (Suganthi et al., (2015). Similarly,
Saravi et al. (2009) also reported a decrease in RBC count in Cyprinus carpio after exposure to 200
mg/L. CoCl. In our study, dose-dependent reduced HCT (%) and RBC count at higher dosage levels
of Co-NPs could be due to an insufficient supply of healthy RBC to blood. Moreover, reduced MCHC
and Hb level might be due to reduced oxygen-carrying capacity of blood during cobalt toxicity
(Atamanalp et al., 2011). According to EM (2011), cobalt interferes with the binding ability of

hemoglobin to oxygen during respiration. Due to the insufficient supply of oxygen, respiration could
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not be maintained efficiently. Furthermore, reduced MCV at higher dosage levels of Co-NPs may be
due to competitive inhibition of Fe (Massey 1992 et al., 2015). Literature revealed the dose-dependent
toxic effect of many other MNPs on hematological indices of fish. For instance, CuO-NPs at 4000
mg/l resulted in reduced RBC, Hb, and HCT in Rutilus rutilus (Jahanbakhshi et al., 2015), and at
100ppm in Oncorhynchus mykiss (Khabbazi et al., 2015). Moreover, Bukhari and Suganthi (2017),
also reported significantly reduced hematological indices i.e., RBC, Hb, HCT, MCH, MCHC, and
MCYV in Oreochromis mossambicus when exposed to CuO. According to Burgos-Aceves et al.
(2019), the toxic effect of concentration-dependent CuO-NPs could be due to transient changes in

blood chemistry and depletion of plasma sodium ions.

Nutrition plays a vital role in enhancing fish growth, improves health status, and maintain the
fish’s ability to overcome stress and protect themselves from disease-causing agents in aquaculture
(Pohlenz and Gatlin 111, 2014). According to Trichet (2010), several dietary feed ingredients including
both essential and non-essential nutrients have a profound effect on immune systems when supplied
at specific pharmacological dosage levels. Therefore, before considering the beneficial aspects of
specific dietary nutrients, it is essential to evaluate its optimal dosage level. Though essential trace
minerals are required in trace quantity but are vital for physiological functioning and maintaining fish
health. Minerals act as co-factors of important enzymes involved in several metabolic, biochemical,
and physiological processes, thus help to improve immune competence and performance of fish (Paul,
2001; Kiron, 2012; Alpert, 2017). The deficiency of a particular mineral results in reduced disease
resistance and makes the animal more susceptible to disease (Teles, 2012). According to Eisa and
Elgebaly (2010), micro minerals such as Cu, Fe, Zn, etc., at optimum level improve the immune
functions in fish by enhancing the functioning of several immune cells e.g. lymphocytes, leukocytes,

and neutrophils.
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In our experiment, graded levels of both organic and inorganic forms of cobalt supplemented
diets showed a significant effect on immune responses of fish such as the plasma protein, IgM level,
serum lysozyme activity, and resistance against pathogens. Co-Met complex showed a dosage
dependant increase in plasma protein level, IgM level, serum lysozyme activity but did not show a
profound effect on WBCs count and NBT activity up to 2.5mg/kg diet while further increase of
dosage level (3mg/kg diet) did not show further improvement, and effect was somewhat statistically
comparable to 2.5mg/kg dosage level (Table 33). However, fish fed Co-NPs supplemented diet
showed an increase in plasma protein, IgM level, and lysozyme activity up to 1.5mg/kg diet while
further increase showed a negative effect, i.e., decrease in the level of these immunological indices
and increase in WBCs count and NTB activity (Table 27). These results indicated the higher
efficiency of the organic form of Co (Co-Met complex) as compared to inorganic form (Co-NPs)
could be due to higher bioavailability, stable structural configuration, and bactericidal activities

(Stanila et al., 2011).

According to Kadim et al. (2003) dietary cobalt improve the protein availability, digestion,
and absorption of other nutrients. In our study, increased plasma protein levels in response to cobalt
supplemented diet might be due to the protein-sparing effect (Hertz et al., 1989) or the increase in the
synthesis of protein (Hsu et al., 1953). Unfortunately, no literature is available to compare our results,
however, Al-Habsi et al. (2007) reported low levels of plasma protein in cobalt deficient Omani goats
as compared to the Co-treated group. Furthermore, in our experiment both chemical forms of dietary
cobalt showed a significant increase level of plasma IgM, thus indicating a strong innate immune

response (Asadi et al., 2012).

Cobalt is a precursor of vitamin B> which is involved in cellular and humoral immunity
(Erkurt et al., 2008). Vitamin B2 plays an important role in the regulation of the immune system, and

its deficiency suppresses the protective immune response mechanisms against pathogenic bacteria in
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animals (Maggini et al., 2007). Unfortunately, literature regarding the immuno-stimulatory effect of
dietary cobalt in fish is poorly documented. However, some scientists observed increased plasma IgM
level in goats in response to parenteral injection of hydroxyl-cobalamin (Johnson et al., 2016), and
humans in response to cyanocobalamin treatment (Erkurt et al., 2008). Moreover, Tamura et al.
(1999), observed increase plasma IgM level, when vitamin Biz-deficient patients were treated with
methyl-vitamin B2. According to them, vitamin B> is essential for the proliferation of B cells into
plasma cells, which are involved in the secretion of antibodies and required adaptive immune
responses. The negative effect, i.e., impairment in antibody production and functioning of neutrophil
and phagocytic cells in response to the low dosage of dietary cobalt is well documented (Spears,

2000; Johnson et al., 2010; Johnson et al., 2016).

Nowadays, research is in progress to explore the antimicrobial activity of MNPs (Ravishankar
Rai, 2011). The small size and high surface area to volume ratio enhance the interaction of positively
charged NPs with microbes and carry out the wide array of antibacterial activities (Wang et al., 2017).
In the present study, the improved disease resistance and immunological indices of T. putitora in
response to the optimum supplementation level of both forms of Co could be direct i.e., destruction
of the cell wall of bacteria due to the strong affinity of positively charge Co to the negatively charged
bacterial cell or may be indirect because of hypoxia-mimic property of Co that results in the increased
expression of series of hypoxia-responsive genes. Recently, HIF-1 has been reported as a macrophage
regulator that plays an important role in innate immune and neutrophil inflammatory function. It is a
transcriptional regulator that controls some of the key aspects of several immune responses like acts
as a promising agent for immune-boosting cures (Zinkernagel et al., 2007). HIF-1 boosting
therapeutic drugs are being used against several infectious diseases since it is considered as the main
regulator of several cellular stress responses and is involved in controlling and activation of immune

cells against pathogenic microbes (Hellwig-Biirgel et al., 2005; Palazon et al., 2014) i.e., production
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of phagocytic cells, including macrophages and neutrophils (Oda et al., 2006). Being considered as a
master regulator of innate immune responses, the expression of HIF in epithelial cells controls the
release of chemo-attractant that stimulates the migration of macrophage to the site of infection
(Bhandari and Nizet, 2014; Palazon et al., 2014). Inside these macrophages, HIF increases the
bactericidal activities via increased production of a wide range of different types of antimicrobial
agents such as peptides, proinflammatory cytokines, and NO (nitric oxide) (Mancino et al., 2008;
Elks et al., 2011). Besides these HIF also extends the lifespan of functional neutrophils by inhibiting

NF-JB-dependent apoptotic pathway (Elks et al., 2011).

In the past few years, amino acid complexes with transition metals had received much
attention due to their chemotherapeutic properties which allow them to behave as antifungal and
antibacterial agents against various pathogenic bacteria e.g. S. aureus, E. coli, etc. Cobalt and copper
ions have been used in the past to inhibit the growth of pathogenic bacteria (Chang et al., 2010).
Cobalt and its complexes show a diverse array of antibacterial and antiviral properties that can be
used for antibacterial and antiviral drugs (Rasu et al., 2009). These complexes possess diverse
antibacterial activities against S. cerevisiae and C. albicans. Adewuyi et al. (2011) reported broad-
spectrum antibacterial actions of cobalt complexes with chitosan due to the positively charged metal
ion which facilitates the polycationic interaction of the complex with the negatively charged bacterial
cell wall, resulting in bacterial death. According to Chohan et al. (2006), Schiff bases-transition
metals complexes shows a wide range of anti-fungal/bacterial activities, thus introducing a new, and

novel era of metal-based therapeutic drugs against bacteria and fungi.

In aquaculture, Infectious diseases present a major challenge, causing high mortality, and
impaired growth due to infection (Houston, 2017). It is documented that cobalt possesses a diverse
array of antibacterial and antiviral properties that can be used in many drugs (Heffern et al., 2013).

Nowadays, cobalt and its complexes are widely used as antibacterial and antiviral agents in many
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therapeutic drugs (Rusu et al., 2009). In our experiment, after 90 days feeding trial, both forms of Co,
showed improved resistance of fish against A. hydrophila infection. Here like growth, immunity
indices, group of fish reared on Co-NPs supplemented diets above 1.5mg Co/kg inclusion level
showed less resistance against bacteria with the highest % cumulative mortality in the N6 group fed
diet supplemented with 3mg Co-NPs/kg diet (Fig. 53), may be due oxidative stress and suppression
of immune response (Mansouri et al., 2015). The oxidative stress generated reactive oxygen species
(ROS), which are responsible for the majority of the diseases in fish (Sevcikova et al., 2011). The
oxidative stress and toxicity due to the higher Co-NPs inclusion level are evident in our study while
observing the WBCs count, NBT, and serum AST activity of fish. The higher NBT (Fig. 52) and AST
activity (Fig. 51) may be due to the production of higher amounts of intracellular ROS by phagocytic
cells (Sakai, 1999). Hosseini et al. (2014) also reported increased ROS production and AST activity
during cobalt toxicity. Moreover, Ale et al. (2018) also reported increased AST activity in
Prochilodus lineatus when exposed to Ag-NPs (25 ug/l). It is well documented that ROS weaken the
immune response and damage the cellular bio-molecules (proteins, carbohydrates, lipids, enzymes
and, nucleic acids) (Weidinger and Kozlov, 2015; Kanwal et al., 2016). Kanwal et al. (2019) reported
increased WBCs count in Labeo rohita when exposed to the toxic level of cobalt. Similar results were
reported by Atamanalp et al. (2011) and Suganthi et al. (2015) in O. mykiss and O. mossambicus
respectively when exposed to cobalt chloride at a toxic level (180ug/l and 150ppm respectively).
Hosseini et al. (2014) also reported increased ROS production and AST activity during copper

toxicity.

Nutrient digestibility is an important factor since it reduces the excretion of undigested
nutrients in the surrounding water. Determination of intestinal enzyme (amylase, protease, and
cellulase) activities helps to quantify the digestive capacity and optimization of micronutrient

concentration in the feed. The activity of these enzymes is directly related to the composition of feed
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(ROnnestad et al., 2013). These enzymes take part in degradation mechanisms, which enable the fish
to efficiently metabolize nutrients (Furne et al., 2005; Chaudhuri et al., 2016). The capabilities of
gastrointestinal enzymes, their activities, and metabolism plays an important role while formulating
fish feed, since nutrient utilization in fish is dependent on the availability of these enzymes in the GI-

tract.

The current study showed a significant effect of graded levels of both chemical forms of
dietary cobalt on intestinal enzyme activities of T. putitora. Amylase and protease activities increased
in both diet groups but a decreasing trend was observed in the Co-NPs group of fish when fed a diet
supplemented with Co-NPs at a toxic level, i.e., above 1.5.mg Co-NP/kg diet (Table 28). Even though
no literature is available on the effect of Co-NPs and Co-Met complex supplemented diets on
intestinal enzyme activities in fish, but few scientists reported positive effects of conventional cobalt
on intestinal enzyme activities of fish e.g. Al-Ghanem (2011) and Mukherjee and Kaviraj (2011)
reported the improved intestinal enzyme activities in Cyprinus carpio and Heteropneustes fossilis

when they were fed diet supplemented with 1.5% and 0.1% cobalt respectively.

The GI tract of fish comprises a complex microfloral ecosystem which is essential for
pathological, physiological, and nutritional points of view. According to Nayak (2010), a diverse
range of different types of microbes from surrounding water/sediment and food colonize the
gastrointestinal tract (GI tract) of fish. Among these, obligate and facultative anaerobic bacteria are
the main colonizers in the GI tract. In aquaculture, gut microbiota plays a significant role in nutrient
metabolization thus has a direct impact on the digestive physiology of the host (Rowland et al., 2018).
Intestinal microflora has a symbiotic relationship with the fish that is important for immune responses,
maintaining physiological functioning, and mainly helps in digestion (Neish 2009). According to
Skrodenyte-Arbaciauskiene et al. (2006), GI microflora can synthesize several types of growth

factors, vitamins, amino acids, metabolites, and release of enzymes including amylase, esterase,
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carbohydrase, phosphatase, cellulase, protease, lipase, and peptidase, thus playing an important role
as a contributory source of GI enzymes in fish. For instance, Ray et al. (2012) reported the microbial
amylase and cellulase activity in C. idella, Dicentrarchus labrax, Plecoglossus altivelis, Oreochromis
niloticus, and Ictalurus punctatus, and indicated that the only source of cellulase activity in
omnivorous and carnivorous fish is bacteria which harbor the GI tract of the fish from feed or

surrounding.

In our experiment, increased intestinal enzyme activities might also be due to the indirect
involvement of cobalt via microbial vitamin Bi2 production (Lin et al., 2010). Cobalt is the integral
component of vitamin B2 (Zhang et al., 2009), thus considered an essential trace mineral in animal
diets (Gonzalez-Montafia et al., 2020). Intestinal bacteria synthesize vitamin Bi2 by utilizing cobalt
from dietary sources (Lin et al., 2010). Li et al. (2016) reported the increased intestinal enzyme
activities of Megalobrama amblycephala fingerlings in response to vitamin B2 supplemented diet at
the inclusion level of 0.12mg/kg, and suggested that an increase in enzyme activity is related to the
increased digestive and assimilative mechanisms which are activated by vitamin Bi». In the present
study, no significant difference in cellulase activity was observed in T. putitora in response to Co-
NPs supplemented diet up to 1.5mg Co-NP/kg. However, a further increase in Co-NPs
supplementation level negatively affected the cellulase and amylase activity which could be due to
the toxicity produced by cobalt chloride nanoparticles at higher concentrations. It seems that at the
higher dosage level Co accumulated in the intestinal tract and hinder the colonization of bacteria, thus

drastically affects the concentration of these enzymes.

Fish muscle is composed of different components such as protein, fat, fiber, mineral, vitamins,
and moisture, which altogether contribute to the overall proximate composition of fish (Alemu et al.,
2013; Puke and Galoburda, 2020). In our study, a graded level of both chemical forms of dietary

cobalt showed a significant effect on muscle contents of crude protein, fat, and ash. Unfortunately,
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no relevant literature is available to compare our results. However, few scientists reported increased
muscle content of crude protein and fat in different fish species, H. fossilis (Mukherjee and Kaviraj,
2011), O. niloticus (Tonye and Sikoki, 2014), and C. carpio (Al-Ghanem, 2011) in response to Co

supplemented diets.

In our feeding experiment, all groups of fish fed Co-Met complex supplemented diets showed
a dose-dependent increasing trend in muscle crude protein and fat contents with a maximum level at
an inclusion level of 3mg Co-Met /kg diet (Table 35). However, in response to dietary Co-NPs, an
increasing trend was observed up to 1.5mg Co-NPs/kg diet, then both muscle crude % protein and fat
showed a decreasing trend with an increase in the concentration of Co-NPs in the diet. The decrease
in muscle protein content in groups of fish reared on toxic levels of dietary Co-NPs could be due to
the use of protein as an energy source for detoxification and maintenance of homeostasis (Zheng et
al., 2013; Wang et al., 2015). According to Kanwal et al. (2019), the toxic level of MNPs induces

toxicity is destructive to the energy stores, thus causing overall reduced weight gain of fish.

In our study, we also observed higher muscle ash content in a N6 group of fish reared on a
3mg Co-NPs/kg supplemented diet, indicating higher mineral accumulation in fish muscle. No
literature is available that indicates the effect of dietary Co-NPs on the proximate composition of fish.
However, Wang et al. (2015) reported a decrease in muscle crude protein and fat content and an
increase in crude ash of Juvenile Epinephelus coioides in response to Cu-NPs (100 pg/1) exposure as
compared to the control group of fish. Moreover, crude ash content was considerably lower in the
muscle of fish reared on Co-Met supplemented diets than those reared on Co-NPs supplemented diet
indicated their low bioaccumulation level in fish muscle. Hunt et al. (2011) also reported an increase
in muscle crude protein and fat contents of rainbow trout when fed 3mg/kg organic selenium as Sel-
Plus®. Moreover, they did not observe any effect on crude ash content of fish in response to organic

selenium supplemented diet.
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The nutritional value of minerals depends on their supplementation level in the diet and
bioavailability in living organisms (Richards et al., 2010). In our study, dietary Co-NPs above
1.5mg/kg supplementation level negatively affected the iron and manganese absorption across the
internal membrane and subsequently their accumulation in the muscle of fish. Different factors such
as mineral interaction with other dietary components, their chemical form, solubility in water and
lipids, size and charge of metal, diet-related factors, presence of antagonists and host-related factors,
i.e., expression of cellular transporters affect the mineral absorption inside the GI tract (Harvey 2001).
Usually, minerals are absorbed across the GI tract via simple diffusion, facilitated diffusion, active
transport, different types of carries protein, and metals specific receptor sites that facilitate their
absorption (Venugopal, 2013). Since Fe, Mn, and Co are metabolically similar, thus they compete for
their absorption at receptor sites in the GI tract (Norwood et al., 2003; Younus et al., 2020). It seems
that at a higher concentration of Co-NPs, a saturation of carrier proteins resulted in a decrease in

absorption and accumulation of Fe and Mn.

In this part of the study, we also observed an increase in cobalt bioaccumulation with the
increasing Co-NPs supplementation level in the diet (Table 30). The bioaccumulation of metals in
different tissues of fish depends on the chemical form and size of metals, dosage level, duration, and
nature of tissues (Giiner, 2010; Mansouri et al., 2011; Mansouri et al., 2012). The dose-dependent
increase in Co bioaccumulation in the muscle of T.putitora in response to Co-NPs supplemented diet
may be due to their small size which facilitates the faster penetration of NPs through the intestinal
luminal mucosal epithelial membranes (Venugopal, 2013; Bunglavan et al., 2014). Moreover, the
muscle ash content and their relationship with Co-NPs supplementation level in the diet also confirm

the dose-dependent accumulation of Co in the muscle of fish.

Contrary to Co-NPs, we did not observe any dose-dependent effect of Co-Met complex

supplemented diet on the bio-accumulation of Fe and Mn in the muscle of T. putitora (Table 36) may
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be due to the inert nature of amino acid-metal chelates which protect them from anti-nutritional
factors present in the diet and intestinal lumen ( Apines-Amar et al., 2004). It seems that organic
forms of cobalt do not interfere with the absorption of other divalent cations. According to
Paripatananont and Lovell (1997), chelated minerals are highly bio-available and their accumulation
level in tissue is low. This is in accord with our results, we also did not observe their accumulation in
the muscle tissue up to 2.5 mg/kg diet however, further increase in dosage level (3mg/kg diet) showed
slight accumulation of Co. It seems that beyond optimum requirement, organic form of Co could be
accumulated in the muscle of fish. Further study is required to determine the toxic level of the dietary

Co-Met complex.

Statistical analysis of all results of this part of the study indicated the significant effect on the
dosage level and chemical form of dietary Co on the growth performance, health status, immunity,
and muscle proximate composition of fish (Table 37—42). Moreover, significant (P<0.05) interaction
between dosage levels and chemical forms of Co indicated the importance of chemical form in the
determination of the optimum dietary supplementation level. Here both forms of Co (organic and
inorganic) showed variable optimum supplementation level requirement, i.e., 1.5 mg/kg diet for Co-
NPs and 2.5mg/kg diet for Co-Met complex, we observed the highest growth performance in a M6
group of fish reared on 3mg/kg Co-Met supplemented diet, whereas N6 group of fish reared on
3mg/kg Co-NPs supplemented diet showed the poor growth performance. All other biological
markers (hematological and immunological parameters) followed the same trends. Moreover,
pairwise comparison at each dosage level also indicated the higher efficiency of the organic form of
Co (Co-Met complex) in contrast to inorganic form (Co-NPs). Our results are in accord with literature
which indicated that mineral bioavailability depends on supplementation levels and its chemical form

(Rider et al., 2010).
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Many scientists studied the comparative efficacy of organic and inorganic form of minerals
in fish and reported the higher efficiency of the organic form of minerals e.g. Dominguez et al. (2017)
reported improved growth performance of Sparus aurata (Linnaeus, 1758) when reared on diet
supplemented with organic Zn, Mn, and Se as compared to their inorganic forms. Furthermore, Wang
et al. (1997) also reported the improved post-challenge immune response of channel catfish against
Edwardsiella ictaluri when they were previously reared on diets supplemented with organic selenium
as compared to inorganic form. Moreover, Rider et al. (2010) reported high efficiency of organic
selenium supplemented diets in Oncorhynchus mykiss. Katya et al. (2017) reported the beneficial
effect of the chelated mineral complex on the growth performance of Sebastes schlegelias as
compared to inorganic mineral premix supplemented diets. Furthermore, Lin et al. (2013) reported
the improved growth performance, survival rate and immune response of Litopenaeus vannamei when
reared on a diet supplemented with Zn-Methionine as compared to the control group of shrimps.
Apines-Amar et al. (2004) and Tan and Mai (2001) also reported improved growth and immune
response in fish when fed chelated minerals supplemented diets. Paripatananont and Lovell (1997)
studied the comparative absorption of organic and inorganic minerals supplemented diets in Ictalurus
punctatus and reported the higher bio-availability and less requirement of chelated organic minerals
compared to inorganic form. Other than fish, some reports are also available which indicates the
improved efficiency of organic zinc as compared to ZnSO4 when used as feed supplemented in

poultry feed (Chang, 2001; Caoet al., 2002).

Keeping in view the above results we can conclude that Co-NPs supplemented diet resulted
in improved growth performance, hemato-immunological indices, intestinal enzyme activities, and
muscle proximate composition of fish at a lower inclusion level in diet i.e. 1.5mg Co/kg. However,
their further supplementation is detrimental to fish. On the other hand, no toxic signs were observed

in Co-Met supplemented diet group of fish even at higher dosage levels, and at each dosage level,
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Co-Met complex supplemented showed the most positive effect on all studied parameters as

compared to Co-NPs supplemented diets.

Worldwide, the fisheries and aquaculture sector is increasing annually and is considered as a
reliable and fastest sector to overcome protein shortage in human diets (Little et al., 2016). With time,
fish farmers had adopted various advanced technologies and intensification approaches to increase
their annual production (Watanabe et al., 2002). Advancement in fish nutrition is considered a key
point that should be properly addressed for sustainable and successful aquaculture (Subasinghe et al.,
2009). Low cost, non-contaminated, nutritionally complete, and high-quality artificial feed play an
important role in effective aquaculture production (Hixson, 2014). According to Prabu et al. (2017),
higher fish production can be achieved by feeding them nutritionally balanced diet via using animal

and plant-based feed ingredients along with essential supplements such as vitamins, minerals, etc.

The literature revealed that the optimum level of essential vitamins and minerals determined
in a controlled environment does not always consistent with semi-intensive earthen pond culture
systems. It is documented that a controlled environment, prevents the interaction of environmental
effects, like temperature, water quality, and live food organisms with the studied nutrient (Lovell,
1989; Cuzon et al., 2004). Thus, before recommending the optimum requirement of any nutrient for
practical feed formulations, it is suggested to conduct experiments under conditions as similar as
possible to the conditions where the results will be applied (FAO, 2020). T.putitora in captivity is
mostly cultured in semi-intensive culture condition, there we further expanded our study and
conducted experiment under semi-intensive culture conditions. According to Edwards al. (2000)
optimum level of essential vitamins and minerals in the diet is a prerequisite while rearing fish in
fertilized ponds. Unfortunately, mineral supplementation in aquatic feed is facing major concern as
most of the farmers are not well aware of the actual quantity of particular mineral supplementation

required in semi-intensive culture systems (Robb et al., 2013).
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In this phase of our study, based on results of the previous experiment, we selected two dosage
levels (1.5 and 3mg Co/kg diet) of both Co-NPs and Co-Met complex and conducted a completely
randomized feeding trial for the evaluation of the practical application of both forms of cobalt as a
feed supplement. An experiment was conducted in earthen ponds in a semi-intensive culture
conditions. All the ponds were adjacent to each other in the same vicinity and were under the similar
environmental conditions. Moreover, to minimize the other factors and obtaining the effects of only
Co supplements, efforts were made to maintain water quality by the addition of fresh water at dawn
and dusk, regular monitoring of pond fertility. Additionally, fish in each pond was stocked at the
same stocking density. Results indicated no noticeable difference in water quality parameters of
different ponds. Thus any difference in growth and hemato-immunological responses among different
groups of fish are likely due to the effect of different dosage levels of organic and inorganic form of

Co.

In this part of the study, growth performance indices (WG%, SGR%, AWG and, ADG) (Table
43), immunological indices (Table 44), hematological indices (Table 45) showed a similar trend in
response to Co-NPs and Co-Met complex supplemented diets as observed in the previous experiment
1.e., organic form of Co (Co-Met complex) showed a most significant positive effect in a dose-
dependent manner on all studied parameters as compared to the inorganic form of Co (Co-NPs) which
showed toxicological effect (poor growth performance and lowest hemato-immunological response )
at higher level 1.e., 3mg/kg diet. Although, group of fish fed 1.5mg Co-NPs supplemented feed (TN1)
also showed improved growth performance, health status, and immunity of fish as compared to the
control group of fish but the impact of Co-NPs was less significant in contrast to the effect of Co-Met
complex at the same dosage level i.e., 1.5mg/kg diet. Furthermore, the highest NBT activity in a
group of fish (TN2) fed a higher dosage of Co-NPs also indicated toxicological effect caused by

oxidative stress i.e., increased production of reactive oxygen species (Tewari et al., 2002).
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In this part of the study, we also studied the serum enzymes, i.e., aspartate transaminase (AST)
and alanine transaminase (ALT) levels (Table 46). Serum biochemical analysis in fish is considered
a powerful tool for quantitative measurement of metal toxicity and a source of valuable information
regarding the ecological significance of metallic ions and their effect on the body (Ghoreishi et al.,
2013). AST and ALT are commonly considered stress indicators, and are frequently used to determine
pesticide and heavy metal toxicity in fish (Authman et al., 2015). Both of these enzymes are sensitive
to metal exposure and are involved in amino acid and protein metabolism (Oner et al., 2008). The
higher serum levels of both AST and ALT in a group of fish reared on 3mg Co-NPs/kg diet is the
indication of toxicological effects of Co-NPs and maybe due to liver damage; hepatocellular necrosis
due to loss of functional integrity of plasma membrane of liver cells and cellular leakage. Many
scientists reported an increase in serum AST and ALT activity in response to heavy metal toxicity in
animals. For instance, Ghoreishi et al. (2013) reported increased activity of both of these enzymes in
lambs in response to the higher dosage level of cobalt nano-particles. Similarly. Oner et al. (2008)
also reported increased ALT and AST activity in Nile tilapia when they were exposed to heavy metals.
Moreover, Atli et al. (2015) reported increased activities of both of these enzymes during increased
Cd and Pb exposure in O. niloticus resulting in impaired metabolism and tissue damage. According
to Ziki¢ et al. (2001), increased activities of these enzymes indicate the tissue damage that occurs due

to the stress-induced by metal toxicants.

Fish is an excellent source of high quality protein, omega-3 fatty acids and vitamins and
minerals (Chalamaiah et al., 2012). The nutritive of fish depends on many factors, including the
amount and quality of food that the fish eats (Beveridge et al., 2013). The literature revealed the
impact of feed supplement on the proximate composition of fish e.g. significant effect of dietary Zn
on the proximate composition of Labeo rohita (Akram et al., 2019), Ctenopharyngodon idella (Liang

et al., 2012), Ctenopharyngodon idella (Val.) (Wu et al., 2015), and Acipenser baerii (Moazenzadeh
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etal., 2018). Moreover, others reported a significant effect of Cu supplemented diets on the proximate
composition of Pelteobagrus fulvidraco and Acipenser baerii (Tan et al. 2011; Moazenzadeh et al.
2020). Furthermore, Ling et al. (2010) reported significant effect of Fe supplemented diets on
proximate composition of Cyprinus carpio while Zhou et al. (2009), and Zhu et al. (2012) reported a
significant effect of dietary Se on the proximate composition of Carassius auratus gibelio and
Micropterus salmoide respectively. We also observed a significant effect of dietary Co
supplementation on the proximate composition of T.putitora. Our results showed highest muscle
crude protein and fat contents in a TM4 group of a fish fed diet supplemented with 3mg Co-Met
complex/kg diet followed by a TM3 and TN1 groups of fish fed diets supplemented with 1.5mg/kg
diet Co-Met complex and Co-NPs respectively indicated the higher efficiency of Co-Met Complex
as compared to Co-NPs. The highest ash content and significantly less contents of protein and fat in
a TN2 group of fish fed diet supplemented with 3 mg Co-NPs /kg diet in contrast to Co-Met complex
indicated that Co-NPs at higher dosage level could cause toxicity and negatively affect the proximate
composition of fish (Table 47). No comparable study is available to compare our results; however,
many investigators reported the negative impact of a higher dosage of other metals on the proximate
composition of different fish species. For instance, Abdel-Tawwab et al. (2016) reported reduced
crude protein and fat content of Oreochromis niloticus when exposed to the toxic level of Zn.
Moreover, Berntssen et al. (1999) reported reduced whole body crude protein of Salmo salar when

reared on toxic levels of dietary copper.

The muscle amino acid profile of the different groups of fish further validated our results and
indicated a higher level of essential amino acids in the TM4 group of fish followed by the TM3 and
TN1 group of fish (Table 48). Scientists had reported improved amino acid profile of fish in response
to mineral supplemented diets e.g. Jiang et al. (2016) reported significantly improved muscle amino

acid profile of grass carp in response to dietary Mn. However, a decrease in muscle amino acid
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concentration was observed when fish were reared on cobalt-NPs supplemented diet at higher dosage
level i.e., 3mg/kg diet (TN2 group) indicating the negative effect of Co-NPs supplemented diet on
the nutritive quality of fish. Like our result, Bharat and Alkesh (2014) reported a decrease in quality
and quantity of amino acids in the muscle of Labeo rohita exposed to cobalt sulfate at a higher

concentration level for long duration.

Here the expression trend of growth and stress-related genes were also in accord with our
other observations and indicated the higher efficiency of dietary Co-Met complex i.e., dose-dependent
significantly higher expression of MyoD and MyoG genes in muscle and lower expression of heat
shock protein HSP-70KDa in the liver as compared to Co-NPs. However, the impact of dietary Co-
NPs at a dosage level of 1.5mg/kg diet on gene expression was significantly higher than control and
statistically lower than dietary Co-Met complex. Moreover, the toxicological effect of Co-NPs at
higher dosage level i.e., 3mg Co-NPs/kg was evident i.e., significantly suppressed expression of
MyoD and MyoG genes in muscle and higher expression of heat shock protein HSP-70KDa in the
liver as compared to genes expression observed in a control group of fish. The overall result indicated
the most significant dose-dependent positive effect of the Co-Met complex supplemented diet on the
myogenesis. Since HSP-70KDa is considered as a stress indicator in fish, its increased expression
indicated disruption of normal cellular processes in response to toxicity. Different scientists reported
increased production of heat shock protein in response to metal toxicity e.g. in Tanichthys albonubes
(Jing et al., 2013), Danio rerio (Guo et al., 2018), O. niloticus (Girilal et al., 2015), and Chanos

chanos (Rajeshkumar et al., 2013).
Conclusion

Overall results of this study indicate that the beneficial and toxicological effect of dietary
supplementation depends on the particle size and chemical form of cobalt. Conventional CoCl, up to

dosage level of 2mg/kg diet showed dose-dependent positive effect on the growth and proximate body
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composition of fish but at greater doses showed a negative effect on study parameters. However, Co-
NPs supplementation showed somewhat more pronounced beneficial effects at lower dosage level
i.e., 1-1.5mg/kg diet and above these levels toxicological effects appeared. Moreover, as compared
to inorganic form of cobalt (Co-NPs), the Co-Met complex (organic) showed the most pronounced
dose-dependent positive effect on growth performance, hemato-immunological response, proximate
body composition, intestinal enzyme activities, and myogenesis in T.putitora. It is clear that
supplementation that Co-Met complex supplemented diet minimizes negative effects associated with
higher doses or other forms and is an alternative possible candidate for cobalt supplementation during

practical feed formulations.

251



REFERENCES



REFERENCES

Abarghoei, S., Hedayati, S. A., Ghafari Farsani, H., Gerami, M. H. (2015). Hematological
responses of Goldfish (Carassius auratus) to different acute concentrations of silver sulfate

as a toxicant. Pollution, 1(3), 247-256.

Abbas, S., Javed, M. (2016). Growth performance of Labeo rohita under chronic dual exposure of

water-borne and dietary cobalt. Pakistan Journal of Zoology, 48(1), 257-264.

Abdallah, A., EI-Husseiny, O., Abdel-Latif, K. (2009). Influence of Some Dietary Organic Mineral

Supplementations. International Journal of Poultry Science, 8(3), 291-298.

Abdel-Hammed, M., M Allam, S., A Metwally, A., A El-Deeb, K., F Abdel-Aziz, M. (2019). A
comparative study of Nano-iron and zinc as feed additive on growth performance, feed
efficiency and chemical body composition of Nile tilapia fingerlings (Oreochromis nilotiucs).

Egyptian Journal of Aquatic Biology and Fisheries, 23(5),367-380.

Abdel-Tawwab, M., El-Sayed, G. O., Shady, S. H. (2016). Growth, biochemical variables, and zinc
bioaccumulation in Nile tilapia, Oreochromis niloticus (L.) as affected by water-born zinc

toxicity and exposure period. International Aquatic Research, 8(3), 197-206.

Additives, E. P. O., Feed, P.O.S.U.L.A. (2009). Scientific Opinion on the use of cobalt compounds

as additives in animal nutrition. Europian Food Safety Authority, 7(12), 1383-1428.

Adewuyi, S., Kareem, K., Atayese, A., Amolegbe, S., Akinremi, C. (2011). Chitosan—cobalt (II)
and nickel (II) chelates as antibacterial agents. International journal of biological

macromolecules, 48(2), 301-303.

Ahmad, F., Liu, X., Zhou, Y., Yao, H. (2015). An in vivo evaluation of acute toxicity of cobalt
ferrite (CoFe2Os4) nanoparticles in larval-embryo Zebrafish (Danio rerio). Aquatic

Toxicology, 166, 21-28.

252



REFERENCES

Ahmad, M., Zuberi, A., Ali, M., Syed, A., Khan, A., and Kamran, M. (2020). Effect of acclimated
temperature on thermal tolerance, immune response and expression of HSP genes in Labeo

rohita, Catla catla and their intergeneric hybrids. Journal of Thermal Biology, 89, 102570.

Akram, Z., Fatima, M., Shah. S.Z., Afzal, M., Hussain, S.M., Hussain, M., Khan, Z.1., Akram,
K. (2019). Dietary zinc requirement of Labeo rohita juveniles fed practical diets. Journal of

Applied Animal Research, 47(1), 223-229.

Akter, N., Alam, M.J., Jewel, M.A., Ayenuddin, M., Haque, S.K., Akter, S. (2018). Evaluation of
dietary metallic iron nanoparticles as feed additive for growth and physiology of Bagridae
catfish Clarias batrachus (Linnacus, 1758). International

Journal of Fisheries and Aquatic Studies, 6(3), 371-377.

Ale, A., Bacchetta, C., Rossi, A.S., Galdoporpora, J., Desimone, ML.F., Fernando, R., Gervasio,
S., Cazenave, J. (2018). Nanosilver toxicity in gills of a neotropical fish: Metal accumulation,
oxidative stress, histopathology and other physiological effects. Ecotoxicology and

Environmental Safety, 148, 976-984.

Alemu, L., Melese, A., Gulelat, D. (2013). Effect of endogenous factors on proximate composition
ofnile tilapia (Oreochromis niloticus L.) fillet from lake zeway. American Journal of Research

Communication, 1(11), 405-410.

Al-Ghanem, K. A. (2011). Effect of cobalt-supplemented diets on bioaccumulation, digestive
enzyme activities and growth of Cyprinus carpio. Toxicological and Environmental

Chemistry, 93(5), 985-995.

Al-Habsi, K., Johnson, E. H., Kadim, I. T., Srikandakumar, A., Annamalai, K., Al-Busaidy, R.,

Mahgoub, O. (2007). Effects of low concentrations of dietary cobalt on liveweight gains,

253



REFERENCES

haematology, serum vitamin B> and biochemistry of Omani goats. The Veterinary Journal,

173(1), 131-137.

Alkesh, S. I., Bharat, V. M. (2014). Studies on effect of cobalt sulphate on fish Labeo rohita. Journal

of Environmental Research And Development, 9(1), 169-176.

Alpert, P. T. (2017). The role of vitamins and minerals on the immune system. Home Health Care

Management and Practice, 29(3), 199-202.

Amir, ., Zuberi, A., Imran, M., Ullah, S. (2018). Evaluation of yeast and bacterial based probiotics

for early rearing of Labeo rohita (Hamilton, 1822). Aquaculture Research, 49(12), 3856-3863.

Amir, L., Zuberi, A., Kamran, M., and Imran, M. (2019). Evaluation of commercial application of
dietary encapsulated probiotic (Geotrichum candidum QAUGCO1): Effect on growth and
immunological indices of rohu (Labeo rohita, Hamilton 1822) in semi-intensive culture

system. Fish & Shellfish Immunology, 95, 464-472.

Anadu, D., Anozie, O., Anthony, A. (1990). Growth responses of Tilapia zillii fed diets containing

various levels of ascorbic acid and cobalt chloride. Aquaculture, 88(3-4), 329-336.
Anderson, J., Young, L. (2003). Fat-soluble vitamins. Food and nutrition series. Health; no. 9.315.

Anderson, D. P., and Zeeman, M. G. (1995). Immunotoxicology in fish. Fundamentals of Aquatic

Toxicology, 2, 371-404.

Andrieu, S. (2008). Is there a role for organic trace element supplements in transition cow health?

The Veterinary Journal, 176(1), 77-83.

Antony, Schrama, J. W., Kaushik, S. J. (2016). Mineral requirements of fish: a systematic review.

Reviews in Aquaculture, 8(2), 172-219.

254



REFERENCES

Apines-Amar, M. J. S., Satoh, S., Caipang, C. M. A., Kiron, V., Watanabe, T., Aoki, T. (2004).
Amino acid-chelate: a better source of Zn, Mn and Cu for rainbow trout, Oncorhynchus

mykiss. Aquaculture, 240(1-4), 345-358.

Asadi, M., Mirvaghefei, A., Nematollahi, M., Banaee, M., Ahmadi, K. (2012). Effects of
Watercress (Nasturtium nasturtium) extract on selected immunological parameters of rainbow

trout (Oncorhynchus mykiss). Open Veterinary Journal, 2(1), 32-39.

Ashmead, H.D., Zunino, H. (1992). Factors which affect the intestinal absorption of minerals. The
role of amino acid chelates in Animal nutrtion. Noyes Publications, Westwood, New Jersey,

USA, ISBN: 0-8155-1312-7 21-46.

Ashmead, H.D. (2012). Amino acid chelation in human and animal nutrition: Taylor and Francis,

CRC Press.ISBN 978-1-4398-9767-6.

Ashouri, S., Keyvanshokooh, S., Salati, A. P., Johari, S. A., Pasha, Z. H. (2015). Effects of
different levels of dietary selenium nanoparticles on growth performance, muscle
composition, blood biochemical profiles and antioxidant status of common carp (Cyprinus

carpio). Aquaculture, 446(1), 25-29.

Ashry, G. M. E., Melegy, K. M. E. (2015). Synthesis, Characterization and Effectiveness of
Chelated Mineral as Aflatoxin Absorbents. Journal of Chemical Biology and Therapeutics,

1(1), 1-5, ISSN: 2572-0406.

Atamanalp, M., Aksakal, E., Kocaman, E. M., Ucar, A., Sisman, T., Tiirkez, H. (2011). The
alterations in the hematological parameters of rainbow trout, Oncorhynchus mykiss, exposed

to cobalt chloride. Journal of the Faculty of Veterinary,17, 73-76.

255



REFERENCES

Atamanalp, M., Kocaman, E. M., Ucar, A., Alak, G. (2010). The alterations in the hematological
parameters of brown trout Salmo trutta fario, exposed to cobalt chloride. Journal of Animal

and Veterinary Advances, 9(16): 2167-2170

Atli, G., Canli, M. (2007). Enzymatic responses to metal exposures in a freshwater fish Oreochromis
niloticus. Comparative Biochemistry and Physiology Part C: Toxicology and Pharmacology,

145(2), 282-287.

Atli, G., Ariyurek, S.Y., Kanak, E.G., Canli, M. (2015). Alterations in the serum biomarkers
belonging to different metabolic systems of fish (Oreochromis niloticus) after Cd and Pb

exposures. Environmental Toxicology and Pharmacology, 40(2), 508-515.

Authman, M.M., Zaki, M.S., Khallaf, E.A., Abbas, H.H. (2015). Use of fish as bio-indicator of
the effects of heavy metals pollution. Journal of Aquaculture Research and Development,
6(4),1-13.

Ayub, M. (2007). Freshwater fish seed resources in Pakistan. Assessment of Freshwater Fish Seed

Resources for Sustainable Aquaculture, Fisheries and Aquaculture Department, (501), 381.

Ayub, M., Zuber, M., Khan, Z. 1., Yousaf, M., Ahmad, K., Sher, M., Mahmood,N. Bashir,H.
Shad, H. A. (2017). Cobalt methionine complex as feed additive in buffaloes in selected

districts of Punjab, Pakistan. Feb-Fresenius Environmental Bulletin, 26(12), 7243-7254.

Baker, T. J., Tyler, C. R., Galloway, T. S. (2014). Impacts of metal and metal oxide nanoparticles

on marine organisms. Environmental Pollution, 186, 257-271.

Basu, N., Todgham, A., Ackerman, P., Bibeau, M., Nakano, K., Schulte, P., Iwama, G. K. (2002).

Heat shock protein genes and their functional significance in fish. Gene, 295(2), 173-183.

256



REFERENCES

Behera, T., Swain, P., Rangacharulu, P., Samanta, M. (2014). Nano-Fe as feed additive improves
the hematological and immunological parameters of fish, Labeo rohita H. Applied

Nanoscience, 4(6), 687-694.

Bertolo, R. F., Bettger, W. J., Atkinson, S. A. (2001). Calcium competes with zinc for a channel
mechanism on the brush border membrane of piglet intestine. The Journal of Nutritional

Biochemistry, 12(2), 66-72.

Bennett, B, Holz R.C. (1997). EPR Studies on the Mono- and Di-cobalt (II)-substituted forms of the
aminopeptidase from Aeromonas proteolytica. Insight into the catalytic mechanism of di-

nuclear hydrolases. Journal of American Chemical Society, 119 (8): 1923-1933.

Berntssen, H.G., M., Hylland, K., Bonga, S. E. W., Maage, A. (1999). Toxic levels of dietary

copper in Atlantic salmon (Salmo salar L.) parr. Aquatic Toxicology, 46(2), 87-99.

Berntssen, M.H.G., Sundal, T., Olsvik, P., Amlund, H., Rasinger, J., Ornsrud, R. (2017).
Sensitivity and toxic mode of action of dietary organic and inorganic selenium in Atlantic

salmon (Salmo salar). Aquatic Toxicology, 192, 116-126.

Beveridge, M.C., Thilsted, S.H., Phillips, M.J., Metian, M., Troell, M., Hall, S.J. (2013). Meeting
the food and nutrition needs of the poor: the role of fish and the opportunities and challenges

emerging from the rise of aquaculture. Journal of Fish Biology, 83(4), 1067-1084.

Beyersmann, D., Hartwig, A. (1992). The genetic toxicology of cobalt. Toxicology and Applied

Pharmacology, 115(1), 137-145.

Beyersmann, D., Hartwig, A. (2008). Carcinogenic metal compounds: recent insight into molecular

and cellular mechanisms. Archives of Toxicology, 82(8), 493.

257



REFERENCES

Bhagawati, K., Chadha, N., Sarma, D., Sawant, P., Akhtar, M. (2015). Physiological responses
of golden mahseer (Tor putitora) fry to dietary zinc and assessment of its optimum
requirement. Proceedings of the National Academy of Sciences, India Section B: Biological

Sciences, 85(2), 499-506.

Bhandari, T., Nizet, V. (2014). Hypoxia-inducible factor (HIF) as a pharmacological target for
prevention and treatment of infectious diseases. Infectious Diseases and Therapy, 3(2), 159-

174.

Bharadwaj, A. S., Patnaik, S., Browdy, C. L., Lawrence, A. L. (2014). Comparative evaluation of
an inorganic and a commercial chelated copper source in Pacific white shrimp Litopenaeus

vannamei (Boone) fed diets containing phytic acid. Aquaculture, 422, 63-68.

Bhatt, J. P., Pandit, M. K. (2016). Endangered Golden mahseer Tor putitora Hamilton: a review of

natural history. Reviews in Fish Biology and Fisheries, 26(1), 25-38.

Bimal, P.M., Satabdi, G., Arabinda, M., Tandrima, M., Sasmita M. (2020). Nutrigenomics and

fish. CAB Reviews, 15(48), 1-19.
Blust, R. (2011). Cobalt. Fish Physiology, 31(A): 291-326

Braun, T., Gautel, M. (2011). Transcriptional mechanisms regulating skeletal muscle
differentiation, growth and homeostasis. Nature reviews Molecular cell biology, 12(6), 349-

361.
Boling, J. (1993). The role of amino acid chelates in animal nutrition. Animal Science, 187-203.

Bora, P. (2014). Anti-nutritional factors in foods and their effects. Journal of Academia and Industrial

Research, 3(6), 285-290.

258



REFERENCES

Bruggraber, S. F., French, G., Thompson, R. P., Powell, J. J. (2004). Selective and effective
bactericidal activity of the cobalt (IT) cation against Helicobacter pylori. Helicobacter, 9(5),

422-428.

Bukhari, A. S., Suganthi, P. (2017). Effect of CuO nanoparticles on haematological parameters of
Oreochromis mossambicus. Journal of Science and Technology Investigation, 1(1). ISSN

2456-8082.

Bunglavan, S. J., Garg, A., Dass, R., Shrivastava, S. (2014). Use of nanoparticles as feed additives
to improve digestion and absorption in livestock. Livestock Research Inernational, 2(3), 36-

47.

Burgos-Aceves, M. A., Lionetti, L., Faggio, C. (2019). Multidisciplinary haematology as prognostic
device in environmental and xenobiotic stress-induced response in fish. Science of the Total

Environment, 670, 1170-1183.
Candlish, D. (2000). Minerals. http://www.nutrition-matters.co.uk/free_docs/tracelements.htm

Camus, A. C., Wise, D. J., Khoo, L. H., Shi, J., Berghaus, R. D. (2014). Iron status of channel
catfish Ictalurus punctatus affected by channel catfish anemia and response to parenteral iron.

Diseases of Aquatic Organisms, 107(3), 241-248.

Carriquiriborde, P., Handy, R., Davies, S. (2004). Physiological modulation of iron metabolism in
rainbow trout (Oncorhynchus mykiss) fed low and high iron diets. Journal of Experimental

Biology, 207(1), 75-86.

Catacutan, M. R., Coloso, R. M. (1995). Effect of dietary protein to energy ratios on growth,
survival, and body composition of juvenile Asian seabass, Lates calcarifer. Aquaculture,

131(1-2), 125-133.

259



REFERENCES

Chalamaiah, M., Hemalatha, R., Jyothirmayi, T. (2012). Fish protein hydrolysates: proximate
composition, amino acid composition, antioxidant activities and applications: a review. Food

chemistry, 135(4), 3020-3038.

Chanda, S., Paul, B., Ghosh, K., Giri, S. (2015). Dietary essentiality of trace minerals in

aquaculture-A Review. Agricultural Reviews, 36(2), 100-112.

Chang,B., E. L., Simmers, C., Knight, D. A. (2010). Cobalt complexes as antiviral and antibacterial

agents. Pharmaceuticals, 3(6), 1711-1728.

Chatta, A. M., Ahmad, Z., Hayat, S., Naqvi, S. A. (2015). Studies on indoor culture of indus golden
Mabhseer (Tor macrolepis) in Central Punjab, Pakistan. Pakistan Journal of Nutrition, 14(4),

229.

Chaudhuri, A., Mukherjee, S., Homechaudhuri, S. (2016). Dietary preference and digestive
physiology of plankti-benthivorous fishes inhabiting mudflats of Indian Sundarban estuaries.

Tropical Zoology, 29(2), 53-72.

Chen, Z., Zuo, Q., Song, F., Fan, W., Wang, Z., Wu, D., Cheng, W. (2013). Reproductive toxicity
in adult male rats following intra-articular injection of cobalt—chromium nanoparticles.

Journal of Orthopaedic Science, 18(6), 1020-1026.

Chris, U. O., Singh, N., Agarwal, A. (2018). Nanoparticles as feed supplement on growth behaviour
of Cultured Catfish (Clarias gariepinus) fingerlings. Materials Today: Proceedings, 5(3),

9076-9081.

Chohan, Z. H., Arif, M., Akhtar, M. A., Supuran, C. T. (2006). Metal-based antibacterial and
antifungal agents: synthesis, characterization, and in vitro biological evaluation of Co (II), Cu
(IT), Ni (II), and Zn (II) complexes with amino acid-derived compounds. Bioinorganic

Chemistry and Applications, 2006, 1-13.

260



REFERENCES

Clearwater, S. J., Farag, A. M., Meyer, J. (2002). Bioavailability and toxicity of dietborne copper
and zinc to fish. Comparative Biochemistry and Physiology Part C: Toxicology and

Pharmacology, 132(3), 269-313.

Coates, D. (2002). Inland capture fishery statistics of Southeast Asia: current status and information

needs. FAO, RAP publication, 11, 114.

Combhaire, S., Blust, R., Van Ginneken, L., Vanderborght, O. L. (1994). Cobalt uptake across the
gills of the common carp, Cyprinus carpio, as a function of calcium concentration in the water
of acclimation and exposure. Comparative Biochemistry and Physiology Part C:

Pharmacology, Toxicology and Endocrinology, 109(1), 63-76. .

Craig, S., Helfrich, L. A., Kuhn, D., Schwarz, M. H. (2017). Understanding fish nutrition, feeds,

and feeding. Virginia Copperative extension. Publication 420-256 2002

Cuzon, G., Lawrence, A., Gaxiola, G., Rosas, C., Guillaume, J. (2004). Nutrition of Litopenaeus

vannamei reared in tanks or in ponds. Aquaculture, 235(1-4), 513-551.

Czarnek, K., Terpilowska, S., Siwicki, A. K. (2015). Selected aspects of the action of cobalt ions

in the human body. Central-European Journal of Immunology, 40(2), 236.

Dawood, M. A., Eweedah, N. M., Moustafa, E. M., El-Sharawy, M. E., Soliman, A. A., Amer,
A. A., Atia, M. H. (2020). Copper nanoparticles mitigate the growth, immunity, and oxidation

resistance in common carp (Cyprinus carpio). Biological Trace Element Research, 198, 283-

292

De Boeck, M., Kirsch-Volders, M., Lison, D. (2003). Cobalt and antimony: genotoxicity and
carcinogenicity. Mutation Research/Fundamental and Molecular Mechanisms of

Mutagenesis, 533(1-2), 135-152.

261



REFERENCES

DeForest, D. K., Meyer, J. S. (2015). Critical review: toxicity of dietborne metals to aquatic

organisms. Critical Reviews in Environmental Science and Technology, 45(11), 1176-1241.

Deluca, H. F., Cantorna, M. T. (2001). Vitamin D: its role and uses in immunology. The Federation

of American Societies for Experimental Biology, 15(14), 2579-2585.

DeLuca, H. F. (2004). Overview of general physiologic features and functions of vitamin D. The

American journal of clinical nutrition, 80(6), 1689-1696.

Desai, V. (2003). Synopsis of biological data on the tor mahseer Tor tor (Hamilton, 1822): Food and

Agriculture Organization FAO.

Dominguez, D., Rimoldi, S., Robaina, L. E., Torrecillas, S., Terova, G., Zamorano, M. J.,
Izquierdo, M. (2017). Inorganic, organic, and encapsulated minerals in vegetable meal based

diets for Sparus aurata (Linnaeus, 1758). PeerJ-Life and Environment, 5,3710.

Duman, M., Saticioglu, I. B., Suzer, B., Altun, S. (2019). Practices for drawing blood samples from

teleost fish. North American Journal of Aquaculture, 81(2), 119-125-

Edwards, P., Lin, C. K., Yakupitiyage, A. (2000). Semi-intensive pond aquaculture. Tilapias:

Biology and Exploitation, ISBN: 978-94-011-4008-9, 377-403.

Eisa, A. M., Elgebaly, L. S. (2010). Effect of ferrous sulphate on haematological, biochemical and

immunological parameters in neonatal calves. Vetrinaria Italiana, 46(3), 329-335.

Elbetieha, A., Al-Thani, A. S., Al-Thani, R. K., Darmani, H., Owais, W. (2008). Effects of chronic
exposure to cobalt chloride on the fertility and testes in mice. Journal of Applied Biological

Sciences, 2(1), 1-6.

Elks, P. M., van Eeden, F. J., Dixon, G., Wang, X., Reyes-Aldasoro, C. C., Ingham, P. W,

Renshaw, S. A. (2011). Activation of hypoxia-inducible factor-la (Hif-1a) delays

262


https://www.google.com/search?q=Federation+of+American+Societies+for+Experimental+Biology&stick=H4sIAAAAAAAAAONgVuLUz9U3SC4zTzZfxGrplpqSWpRYkpmfp5CfpuCYm1qUmZyYpxCcn5yZWpKZWqyQll-k4FpRABTPTc0rScxRcMrMz8lPrwQAuHa6M0kAAAA&sa=X&ved=2ahUKEwiBtbbS0s3tAhWLgVwKHbqwCi8QmxMoATASegQIGhAD
https://www.google.com/search?q=Federation+of+American+Societies+for+Experimental+Biology&stick=H4sIAAAAAAAAAONgVuLUz9U3SC4zTzZfxGrplpqSWpRYkpmfp5CfpuCYm1qUmZyYpxCcn5yZWpKZWqyQll-k4FpRABTPTc0rScxRcMrMz8lPrwQAuHa6M0kAAAA&sa=X&ved=2ahUKEwiBtbbS0s3tAhWLgVwKHbqwCi8QmxMoATASegQIGhAD

REFERENCES

inflammation resolution by reducing neutrophil apoptosis and reverse migration in a zebrafish
inflammation model. Blood, The Journal of the American Society of Hematology, 118(3),

712-722.
Ellis, A. E. (1990). Lysozyme assays. Techniques in fish immunology, 1, 101-103.

El-Sayed, A. F. M. (2014). Is dietary taurine supplementation beneficial for farmed fish and shrimp?

A comprehensive review. Reviews in Aquaculture, 6(4), 241-255.

EM, K. (2011). The alterations in the hematological parameters of Rainbow Trout, Oncorhynchus
mykiss, exposed to cobalt chloride. Kafkas Universitesi Veteriner Fakiiltesi Dergisi, 17(A),

73-76.

Erkurt, M. A., Aydogdu, 1., Dikilitas, M., Kuku, 1., Kaya, E., Bayraktar, N., Sonmez, A. (2008).
Effects of cyanocobalamin on immunity in patients with pernicious anemia. Medical

Principles and Practice, 17(2), 131-135.

Evans, D. H., Piermarini, P. M., Choe, K. P. (2005). The multifunctional fish gill: dominant site of
gas exchange, osmoregulation, acid-base regulation, and excretion of nitrogenous waste.

Physiological Reviews, 85(1), 97-177.

Faiz, H., Zuberi, A., Nazir, S., Rauf, M., Younus, N. (2015). Zinc oxide, zinc sulfate and zinc oxide
nanoparticles as source of dietary zinc: Comparative effects on growth and hematological
indices of juvenile grass carp (Ctenopharyngodon idella). International Journal of

Agricultural Biology, 17(3), 568-574.

FAO, (2020). Aquaculture feed and fertilizer resources information, Nile tilapia - nutritional
requirements.http://www.fao.org/fishery/affris/species-profiles/nile-tilapia/nutritional-

requirements/en/

263



REFERENCES

Fazio, F. (2019). Fish hematology analysis as an important tool of aquaculture: a review.

Aquaculture, 500, 237-242.

Fernandes, J., Murakami, A., Sakamoto, M., Souza, L., Malaguido, A., Martins, E. (2008).
Effects of organic mineral dietary supplementation on production performance and egg

quality of white layers. Brazilian Journal of Poultry Science, 10(1), 59-65.

Finley, B. L., Monnot, A. D., Paustenbach, D. J., Gaffney, S. H. (2012). Derivation of a chronic

oral reference dose for cobalt. Regulatory Toxicology and Pharmacology, 64(3), 491-503.

Finley, B. L., Monnot, A. D., Gaffney, S. H., Paustenbach, D. J. (2012). Dose-response
relationships for blood cobalt concentrations and health effects: a review of the literature and

application of a biokinetic model. Journal of Toxicology and Environmental Health, Part B,

15(8), 493-523.

Francis, G., Makkar, H. P., Becker, K. (2001). Antinutritional factors present in plant-derived

alternate fish feed ingredients and their effects in fish. Aquaculture, 199(3-4), 197-227.

Forbes, R. M., Erdman Jr, J. W. (1983). Bioavailability of trace mineral elements. Annual Review

of Nutrition, 3(1), 213-231.

Forstner, U., Wittmann, G. T. (2012). Metal pollution in the aquatic environment: Springer Science

and Business Media.2™ edition, ISBN:978-3-540-12856-4

Furne, M., Hidalgo, M., Lopez, A., Garcia-Gallego, M., Morales, A., Domezain, A. Sanz, A.
(2005). Digestive enzyme activities in Adriatic sturgeon Acipenser naccarii and rainbow trout

Oncorhynchus mykiss. A comparative study. Aquaculture, 250(1-2), 391-398.

Gall, J. E., Boyd, R. S., Rajakaruna, N. (2015). Transfer of heavy metals through terrestrial food

webs: a review. Environmental monitoring and assessment, 187(4), 201.

264



REFERENCES

Gharibzahedi, S. M. T., Jafari, S. M. (2017). The importance of minerals in human nutrition:
Bioavailability, food fortification, processing effects and nanoencapsulation. Trends in Food

Science and Technology, 62, 119-132.

Ghiuta, 1., Cristea, D., Munteanu, D. (2017). Synthesis methods of metallic nanoparticles-An

overview. Bulletin of the Transilvania University of Brasov. Engineering Sciences. Series I,

10(2), 133-140.

Ghoreishi, S. M., Mohammadian, B., Rahimi, E., Afzalzadeh, M. R., Kazemi Varnamkhasti,
M., Darani, G. (2013). Effect of cobalt nano-particles on serum biochemical and
histopathological changes in liver and kidney of lambs. Iranian Journal of Veterinary Science

and Technology, 5(2), 1-8.

Girilal, M., Krishnakumar, V., Poornima, P., Fayaz, A. M., Kalaichelvan, P. T. (2015). A
comparative study on biologically and chemically synthesized silver nanoparticles induced

Heat Shock Proteins on fresh water fish Oreochromis niloticus.Chemosphere, 139, 461-468.

Gonzalez-Montaiia, J.-R., Escalera-Valente, F., Alonso, A. J., Lomillos, J. M., Robles, R.,
Alonso, M. E. (2020). Relationship between vitamin B> and cobalt metabolism in domestic

ruminant: An update. Animals,10(10), 1855.

Grant, K. R. (2015). Fish hematology and associated disorders. Veterinary Clinics: Exotic Animal

Practice, 18(1), 83-103.

Grislund, S., Bengtsson, B.E. (2001). Chemicals and biological products used in south-east Asian
shrimp farming, and their potential impact on the environment—a review. Science of the Total

Environment, 280(1-3), 93-131.

265



REFERENCES

Green, A. J., and Planchart, A. (2018). The neurological toxicity of heavy metals: A fish
perspective. Comparative Biochemistry and Physiology Part C: Toxicology and

Pharmacology, 208, 12-19.

Griffitt, R. J., Luo, J., Gao, J., Bonzongo, J. C., Barber, D. S. (2008). Effects of particle
composition and species on toxicity of metallic nanomaterials in aquatic organisms.

Environmental Toxicology and Chemistry: An International Journal, 27(9), 1972-1978.

Guillaume, J., Kaushik, S., Bergot, P., Metailler, R. (2001). Nutrition and feeding of fish and

crustaceans: Springer Science and Business Media.ISBN:1-85233-241-7.

Giiner, U. (2010). Bioaccumulation of cobalt in mosquitofish (gambusia affinis baird and girars,
1853) at different flow rates and concentrations. Journal of Fisheries Sciences. com, 4(1), 20-

27.

Guo, R., Henry, P., Holwerda, R., Cao, J., Littell, R., Miles, R., Ammerman, C. (2001). Chemical
characteristics and relative bioavailability of supplemental organic copper sources for poultry.

Journal of Animal Science, 79(5), 1132-1141.

Guo, S. N., Zheng, J. L., Yuan, S. S., Zhu, Q. L. (2018). Effects of heat and cadmium exposure on
stress-related responses in the liver of female zebrafish: Heat increases cadmium toxicity.

Science of The Total Environment, 618, 1363-1370.

Hakim, M. M., Ganai, N. A., Ahmad, S. M., Asmi, O., Akram, T., Hussain, S., Gora, A. H.
(2018). Nutrigenomics: Omics approach in aquaculture research to mitigate the deficits in
conventional nutritional practices. Journal of Entomology and Zoology Studies, 6(4), 582-

587.

Hans, K. B., Jana, T. (2018). Micronutrients in the life cycle: Requirements and sufficient supply.

Society of Nutrition and Food Science, 11, 1-11.

266



REFERENCES

Handy, R. (2012). FSBI briefing paper: nanotechnology in fisheries and aquaculture. Fisheries

Society of the British Isles, 1-29.

Handy, R. D., Henry, T. B., Scown, T. M., Johnston, B. D., Tyler, C. R. (2008). Manufactured
nanoparticles: their uptake and effects on fish—a mechanistic analysis. Ecotoxicology, 17(5),

396-409.

Hapke, M., Hilt, G. (2020). Introduction to cobalt chemistry and catalysis. Cobalt Catalysis in

Organic Synthesis: Methods and Reactions, ISBN: 9783527814855, 1-23.

Hardy, R. W., Gatlin 111, D. M. (2002). Nutritional strategies to reduce nutrient losses in intensive
aquaculture. In: Cruz-Suarez, L. E., Ricque-Marie, D., TapiaSalazar, M., Gaxiola-Cortés, M.
G., Simoes, N. (Eds.). Avances en Nutricion Acuicola VI. Memorias del VI Simposium

Internacional de Nutricion. 23-34
Harvey, L. (2001). Mineral bioavailability. Nutrition and Food Science, 31(4), 179-182.

Hasan, M. (2001). Nutrition and feeding for sustainable aquaculture development in the third
millennium. In R.P. Subasinghe, P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery and
J.R. Arthur, eds. Aquaculture in the Third Millennium. Technical Proceedings of the
Conference on Aquaculture in the Third Millennium, Bangkok, Thailand, 20-25 February

2000. 193- 219.

Hediger, M. A., Rolfs, A., Goswami, T. (2002). Iron transport and hemochromatosis.Journal of

Investigative Medicine, 50(5), 239-246.

Heffern, M. C., Yamamoto, N., Holbrook, R. J., Eckermann, A. L., Meade, T. J. (2013). Cobalt
derivatives as promising therapeutic agents. Current opinion in chemical biology, 17(2), 189-

196.

267



REFERENCES

Hellwig-Biirgel, T., Stiehl, D. P., Wagner, A. E., Metzen, E., Jelkmann, W. (2005). Hypoxia-
inducible factor-1 (HIF-1): a novel transcription factor in immune reactions. Journal of

Interferon and Cytokine Research, 25(6), 297-310.

Hertz, Y., Madar, Z., Hepher, B., Gertler, A. (1989). Glucose metabolism in the common carp

(Cyprinus carpio L.): the effects of cobalt and chromium. Aquaculture, 76(3-4), 255-267.

Heydarnejad, M. S., Khosravian-Hemamai, M., Nematollahi, A. (2013). Effects of cadmium at
sub-lethal concentration on growth and biochemical parameters in rainbow trout

(Oncorhynchus mykiss). Irish Veterinary Journal, 66(1), 1-7.

Hixson, S. M. (2014). Fish nutrition and current issues in aquaculture: the balance in providing safe
and nutritious seafood, in an environmentally sustainable manner. Journal of Aquaculture

Research and Development, 5(3),1-10

Hojman, P., Brolin, C., Gissel, H., Brandt, C., Zerahn, B., Pedersen, B. K., Gehl, J. (2009).
Erythropoietin over-expression protects against diet-induced obesity in mice through

increased fat oxidation in muscles. PloS one, 4(6).

Horwitz, W. (2000). Official methods of analysis of the AOAC: Association of Official Analytical

Chemists

Hossain, M., Hasan, N., Shah, A., Hussain, M. (2002). Optimum dietary protein requirement of

mabhseer, Tor putitora (Hamilton) fingerlings. Asian Fisheries Science, 15(3), 203-214.

Hosseini, M. J., Shaki, F., Ghazi-Khansari, M., Pourahmad, J. (2014). Toxicity of copper on
isolated liver mitochondria: impairment at complexes I, II, and IV leads to increased ROS

production. Cell Biochemistry and Biophysics, 70(1), 367-381.

268



REFERENCES

Houston, R. D. (2017). Future directions in breeding for disease resistance in aquaculture species.

Revista Brasileira de Zootecnia, 46(6), 545-551.

Hsu, J. M., Stern, J. R., McGinnis, J. (1953). Effect of vitamin B1> deficiency on chick plasma

proteins. Archives of Biochemistry and Biophysics, 42(1), 54-60.

Hunt, A. O., Berkoz, M., Ozkan, F., Yalin, S., Ercen, Z., Erdogan, E., Gunduz, S. G. (2011).
Effects of organic selenium on growth, muscle composition, and antioxidant system in

rainbow trout. Israeli Journal of Aquaculture-Bamidgeh, 63(562), 10.

Ilham, L., Siddik, M. A. B., Fotedar, R. (2016). Effects of organic selenium supplementation on
growth, accumulation, haematology and histopathology of juvenile barramundi (Lates

calcarifer) fed high soybean meal diets. Biological Trace Element Research, 174(2), 436-447.

Iwama, G. K., Thomas, P. T., Forsyth, R. B., Vijayan, M. M. (1998). Heat shock protein

expression in fish. Reviews in Fish Biology and Fisheries, 8(1), 35-56.

Jafri, A. (1998). Growth response, feed utilization and nutrient retention in Catla catla (Ham.) fry

fed varying levels of dietary carbohydrate. Asian Fisheries Science, 11, 223-230.

Jahanbakhshi, A., Hedayati, A., Pirbeigi, A., Javadimoosavi, M. (2015). Determination of acute
toxicity and the effects of sub-acute concentrations of CuO nanoparticles on blood parameters

in Rutilus rutilus. Nanomedicine Journal, 2(3), 195-202.

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B. B., Beeregowda, K. N. (2014). Toxicity,
mechanism and health effects of some heavy metals. Interdisciplinary Toxicology, 7(2), 60-

72.

Javed, M. (2013). Chronic effects of nickel and cobalt on fish growth. International Journal of

Agriculture and Biology, 15(3), 575-579.

269



REFERENCES

Jezierska, B., Lugowska, K., Witeska, M. (2009). The effects of heavy metals on embryonic

development of fish (a review). Fish Physiology and Biochemistry, 35(4), 625-640.

Jahanian, R., Moghaddam, H. N., Rezaei, A. (2008). Improved broiler chick performance by
dietary supplementation of organic zinc sources. Asian-Australasian Journal of Animal

Sciences, 21(9), 1348-1354.

Jing, J., Liu, H., Chen, H., Hu, S., Xiao, K., Ma, X. (2013). Acute effect of copper and cadmium
exposure on the expression of heat shock protein 70 in the Cyprinidae fish Tanichthys

albonubes. Chemosphere, 91(8), 1113-1122.

Johnson, E. H., Al-Habsi, K., Al-Busaidi, R., Al-Abri, M. (2016). Impaired antibody response and

phagocytosis in goats fed a diet low in cobalt. Small Ruminant Research, 140, 27-31.

Jiang, W., Kim, B. Y., Rutka, J. T., Chan, W. C. (2007). Advances and challenges of

nanotechnology-based drug delivery systems. Expert opinion on drug delivery, 4(6), 621-633.

Jiwan, S., Ajah, K. (2011). Effects of heavy metals on soil, plants, human health and aquatic life.

International Journal of Research in Chemistry and Environment, 1(2), 15-21.

Johnson, E. H., Al-Habsi, K., Al-Busaidy, R., Khalaf, S. K. (2010). The effect of low levels of
dietary cobalt on the chemiluminescence response of polymorphonuclear leukocytes of goats.

Research in Veterinary Science, 88(1), 61-63.

Joye, 1. J., Davidov-Pardo, G., McClements, D. J. (2014). Nanotechnology for increased

micronutrient bioavailability. Trends in Food Science and Technology, 40(2), 168-182.

Kadim, I. T., Johnson, E. H., Mahgoub, O., Srikandakumar, A., Al-Ajmi, D., Ritchie, A. Al-
Halhali, A. S. (2003). Effect of low levels of dietary cobalt on apparent nutrient digestibility

in Omani goats. Animal Feed Science and Technology, 109(1-4), 209-216.

270



REFERENCES

Kanwal, Z., Raza, M. A., Manzoor, F., Riaz, S., Jabeen, G., Fatima, S., Naseem, S. (2019). A
comparative assessment of nanotoxicity induced by metal (silver, nickel) and metal oxide

(cobalt, chromium) nanoparticles in Labeo rohita. Nanomaterials, 9(2), 309.

Kanwal, Z., Raza, M. A., Riaz, S., Naseem, S. (2016). Changes in biochemical, haematological and
histopathological parameters of freshwater fish Labeo rohita exposed to cobalt
nanoparticles.The 2016 world congress on Advances in civil, environmental, and materials

research, Jeju Island Korea, August 28-September 1, 2016.

Karapanagiotidis, 1. T., Psofakis, P., Mente, E., Malandrakis, E., Golomazou, E. (2019). Effect
of fishmeal replacement by poultry by-product meal on growth performance, proximate
composition, digestive enzyme activity, haematological parameters and gene expression of

gilthead seabream (Sparus aurata). Aquaculture Nutrition, 25(1), 3-14.

Katya, K., Lee, S., Bharadwaj, A. S., Browdy, C. L., Vazquez-Anon, M., Bai, S. C. (2017). Effects
of inorganic and chelated trace mineral (Cu, Zn, Mn and Fe) premixes in marine rockfish,
Sebastes schlegeli (Hilgendorf), fed diets containing phytic acid. Aquaculture Research,

48(8), 4165-4173.

Kaushik, S. J., Seiliez, 1. (2010). Protein and amino acid nutrition and metabolism in fish: current

knowledge and future needs. Aquaculture Research, 41(3), 322-332.

Kawakami, T., Hanao, N., Nishiyama, K., Kadota, Y., Inoue, M., Sato, M., Suzuki, S. (2012).
Differential effects of cobalt and mercury on lipid metabolism in the white adipose tissue of

high-fat diet-induced obesity mice. Toxicology and applied pharmacology, 258(1), 32-42.

Kayhan, F. E., Duman, B. S. (2010). Heat shock protein genes in fish. Turkish Journal of Fisheries

and Aquatic Sciences, 10(2), 287-293.

271



REFERENCES

Ke, Q., Costa, M. (2006). Hypoxia-inducible factor-1 (HIF-1). Molecular pharmacology, 70(5),

1469-1480.

Khabbazi, M., Harsij, M., Hedayati, S. A. A., Gholipoor, H., Gerami, M. H., Ghafari Farsani,
H. (2015). Effect of CuO nanoparticles on some hematological indices of rainbow trout

Oncorhynchus mykiss and their potential toxicity. Nanomedicine Journal, 2(1), 67-73.

Khaled, A. (2004). Heavy metals concentrations in certain tissues of five commercially important
fishes from El-Mex Bay, Alexandria, Egypt. Egyptian Journal of Aquatic Biology And

Fisheries, 8 (1),51-64.

Khan, K. U., Ullah, 1., Sarwar, H., Zuberi, A. (2019). Effects of dietary inclusion of vitamin C on
immune and antioxidant defence system in captive reared juvenile mahseer, Tor putitora

(Hamilton, 1822). Asian Fisheries Science, 32(1), 1-7.

Khan, K. U., Zuberi, A., Nazir, S., Ullah, L., Jamil, Z., and Sarwar, H. (2017). Synergistic effects
of dietary nano selenium and vitamin C on growth, feeding, and physiological parameters of

mabhseer fish (Tor putitora). Aquaculture Reports, 5, 70-75.

Khan, K. U., Zuberi, A., Nazir, S., Fernandes, J. B. K., Jamil, Z., Sarwar, H. (2016). Effects of
dietary selenium nanoparticles on physiological and biochemical aspects of juvenile Tor

putitora. Turkish Journal of Zoology, 40(5), 704-712.

Kincaid, R., Lefebvre, L., Cronrath, J., Socha, M., Johnson, A. (2003). Effect of dietary cobalt
supplementation on cobalt metabolism and performance of dairy cattle. Journal of Dairy

Science, 86(4), 1405-1414.

Kiron, V. (2012). Fish immune system and its nutritional modulation for preventive health care.

Animal Feed Science and Technology, 173(1-2), 111-133.

272



REFERENCES

Kishor, B., Bhatt, J., Rawat, V., Nautiyal, P. (1998). Variations in food habit of the Himalayan
mahseer—Tor putitora (Ham.) inhabiting the Ganga river system in Garhwal region. Indian

Journal of Fisheries, 45(1), 113-118.

Kishawy, A. T., Roushdy, E. M., Hassan, F. A., Mohammed, H. A., Abdelhakim, T. M. (2020).
Comparing the effect of diet supplementation with different zinc sources and levels on growth
performance, immune response and antioxidant activity of tilapia, Oreochromis niloticus.

Aquaculture Nutrition, 26(6), 1926-1942.

Koelmans, A. A., Besseling, E., Shim, W. J. (2015). Nanoplastics in the aquatic environment.

Critical review. In Marine anthropogenic litter, ISBN 978-3-319-16510-3,325-340.

Kovacic, P., Somanathan, R. (2013). Nanoparticles: toxicity, radicals, electron transfer, and

antioxidants. In Oxidative Stress and Nanotechnology, ISBN: 978-1-62703-475-3, 15-35.
Kratzer, H. F. (2018). Chelates in nutrition: CRC Press. ISBN: 9781315891408

Kriutler, B. (2019). Biological organometallic chemistry of vitamin Biz-derivatives. In Advances in

Bioorganometallic Chemistry, 399-430.

Kriutler, B. (2005). Vitamin Bi2: chemistry and biochemistry. In: Portland Press Limited, 33 (4):

806-810.

Kubrak, O. 1., Husak, V. V., Rovenko, B. M., Storey, J. M., Storey, K. B., Lushchak, V. I. (2011).
Cobalt-induced oxidative stress in brain, liver and kidney of goldfish Carassius auratus.

Chemosphere, 85(6), 983-989.

Kubrak, O. 1., Rovenko, B. M., Husak, V. V., Vasylkiv, O. Y., Storey, K. B., Storey, J. M.,

Lushchak, V. 1. (2012). Goldfish exposure to cobalt enhances hemoglobin level and triggers

273



REFERENCES

tissue-specific elevation of antioxidant defenses in gills, heart and spleen. Comparative

Biochemistry and Physiology Part C: Toxicology and Pharmacology, 155(2), 325-332.

Kumar, P., Mahajan, P., Kaur, R., Gautam, S. (2020). Nanotechnology and its challenges in the

food sector: a review. Materials Today Chemistry, 17, 100332-100349.

Kumar, N., Krishnani, K., Kumar, P., Jha, A. K., Gupta, S. K., Singh, N. (2017). Dietary zinc
promotes immuno-biochemical plasticity and protects fish against multiple stresses. Fish and

Shellfish Immunology, 62, 184-194.

Kumar, R., Pande, V., Singh, L., Sharma, L., Saxena, N., Thakuria, D. Sahoo, P. (2016).
Pathological findings of experimental Aeromonas hydrophila infection in golden mahseer

(Tor putitora). Fish Aquaculture Journal, 7(1), 1-6.

Kwon, Y.M., Xia, Z., Glyn-Jones, S., Beard, D., Gill, H. S., Murray, D. W. (2009). Dose-
dependent cytotoxicity of clinically relevant cobalt nanoparticles and ions on macrophages in

vitro. Biomedical Materials, 4(2), 1-8.

Lall, S. P. (2000). Nutrition and health of fish. Avances en Nutricion Acuicola V. Memorias del V
Simposium Internacional de Nutricién Acuicola. 19-22 Noviembre, 2000. Mérida, Yucatan,

Mexico.

Lall, S. P. (2002). The Minerals. Fish Nutrition. Elsevier Academic Press, San Diego, CA, USA,

259-308

Lall, S. P. (2003). The minerals. In Fish nutrition, Academic press, 3™ edition, ISBN:

9780080494920, 259-308.

Lall, S. P., Tibbetts, S. M. (2009). Nutrition, feeding, and behavior of fish. Veterinary Clinics of

North America: Exotic Animal Practice, 12(2), 361-372.

274



REFERENCES

Lall, S. P., Lewis-McCrea, L. M. (2007). Role of nutrients in skeletal metabolism and pathology in

fish—an overview. Aquaculture, 267(1-4), 3-19.

Leeson, S. (2009). Copper metabolism and dietary needs. World's Poultry Science Journal, 65(3),

353-366.

Liang, J. J., Yang, H. J., Liu, Y. J., Tian, L. X., and Liang, G. Y. (2012). Dietary zinc requirement
of juvenile grass carp (Ctenopharyngodon idella) based on growth and mineralization.

Aquaculture Nutrition,18(4), 380-387.

Li, X., Rezaei, R., Li, P., Wu, G. (2011). Composition of amino acids in feed ingredients for animal

diets. Amino acids, 40(4), 1159-1168.

Li, X.-F., Wang, F., Qian, Y., Jiang, G.-Z., Zhang, D.-D., Liu, W.-B. (2016). Dietary vitamin B>
requirement of fingerling blunt snout bream Megalobrama amblycephala determined by

growth performance, digestive and absorptive capability and status of the GH-IGF-I axis.

Aquaculture, 464, 647-653.

Li, P., Yin, Y. L., Li, D., Kim, S. W., Wu, G. (2007). Amino acids and immune function. British

Journal of Nutrition, 98(2), 237-252.

Lim, C., Klesius, P. H., Webster, C. D. (2001). The role of dietary phosphorus, zinc, and selenium

in fish health. Nutrition and fish health, CRC Press,ISBN: 1-56022-887-3, 201-212.

Lin, A. C. (2007). Size matters: regulating nanotechnology. Harvard Environmental Law Review.

31, 349.

Lin, S., Lin, X., Yang, Y., Li, F., Luo, L. (2013). Comparison of chelated zinc and zinc sulfate as
zinc sources for growth and immune response of shrimp (Litopenaeus vannamei).

Aquaculture, 406, 79-84.

275



REFERENCES

Ling, J., Feng, L., Liu, Y., Jiang, J., Jiang, W. D., Hu, K., Zhou, X. Q. (2010). Effect of dietary
iron levels on growth, body composition and intestinal enzyme activities of juvenile Jian carp

(Cyprinus carpio var. Jian).Aquaculture Nutrition, 16(6), 616-624.

Lin, Y.H., Wu, J.Y., Shiau, S.Y. (2010). Dietary cobalt can promote gastrointestinal bacterial
production of vitamin Bi> in sufficient amounts to supply growth requirements of grouper,

Epinephelus malabaricus. Aquaculture, 302(1-2), 89-93.

Lin, C.Y., Yung, R.F., Lee, H.C., Chen, W.T., Chen, Y.H., Tsai, H.J. (2006). Myogenic regulatory
factors Myf5 and Myod function distinctly during craniofacial myogenesis of zebrafish.

Developmental biology, 299(2), 594-608.

Lin, Y. H., Shih, C. C., Kent, M., Shiau, S. Y. (2010). Dietary copper requirement reevaluation for

juvenile grouper, Epinephelus malabaricus, with an organic copper source. Aquaculture,

310(1-2), 173-177.

Lippi, G., Franchini, M., Guidi, G. C. (2006). Blood doping by cobalt. Should we measure cobalt

in athletes? Journal of Occupational Medicine and Toxicology, 1(1), 18.

Lison, D. (2015). Cobalt. In Handbook on the Toxicology of Metals, 2" volume, ISBN: 978-0-444-

59453-2, DOI: https://doi.org/10.1016/C2011-0-07884-5, 743-763.

Little, E. E., Calfee, R. D., Theodorakos, P., Brown, Z. A., Johnson, C. A. (2007). Toxicity of
cobalt-complexed cyanide to Oncorhynchus mykiss, Daphnia magna, and Ceriodaphnia

dubia. Environmental Science and Pollution Research-International, 14(5), 333-337.

Little, D. C., Newton, R. W., Beveridge, M. C. M. (2016). Aquaculture: a rapidly growing and
significant source of sustainable food? Status, transitions and potential. Proceedings of the

Nutrition Society 75(3), 274-286.

276


https://doi.org/10.1016/C2011-0-07884-5

REFERENCES

Liu, W., Long, Y., Yin, N., Zhao, X., Sun, C., Zhou, Q., Jiang, G. (2016). Toxicity of engineered
nanoparticles to fish. Engineered Nanoparticles and the Environment: Biophysicochemical

Processes and Toxicity, ISBN: 9781119275855, DOI:10.1002/9781119275855.

Lopez, C. A., Skaar, E. P. (2018). The impact of dietary transition metals on host-bacterial

interactions. Cell Host and Microbe, 23(6), 737-748.

Loro, Lucia, V., Jorge, M. B., da Silva, K. R., Wood, C. M. (2012). Oxidative stress parameters
and antioxidant response to sublethal waterborne zinc in a euryhaline teleost Fundulus

heteroclitus: protective effects of salinity. Aquatic Toxicology, 110, 187-193.

Lovell, T. (1989). Nutrition and feeding of fish, New York: Van Nostrand Reinhold.1® edition,

ISBN: 978-1-4757-1176-9, DO1: https://doi.org/10.1007/978-1-4757-1174-5

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J. (1951) Protein measurement with

the Folin phenol reagent. Journal of Biological Chemistry. 193, 265-275.

Luo, Z., Liu, Y.J., Mai, K.S., Tian, L.X., Yang, H.J., Tan, X.Y., Liu, D.H. (2005). Dictary L-
methionine requirement of juvenile grouper Epinephelus coioides at a constant dietary cystine

level. Aquaculture, 249(1-4), 409-418.

Maggini, S., Wintergerst, E. S., Beveridge, S., Hornig, D. H. (2007). Selected vitamins and trace
elements support immune function by strengthening epithelial barriers and cellular and

humoral immune responses. British Journal of Nutrition, 98(1), 29-35.

Manangi, M., Vazquez-Anon, M., Richards, J., Carter, S., Buresh, R., Christensen, K. (2012).
Impact of feeding lower levels of chelated trace minerals versus industry levels of inorganic
trace minerals on broiler performance, yield, footpad health, and litter mineral concentration.

Journal of Applied Poultry Research, 21(4), 881-890.

277



REFERENCES

Malomo, G. A., IThegwuagu, N. E. (2017). Some aspects of animal feed sampling and analysis. Ideas
and applications toward sample preparation for food and beverage analysis, Mark T. Stauffer,

IntechOpen, DOI: 10.5772/intechopen.70856.

Mancino, A., Schioppa, T., Larghi, P., Pasqualini, F., Nebuloni, M., Chen, I.H. Sica, A. (2008).
Divergent effects of hypoxia on dendritic cell functions. Blood, The Journal of the American

Society of Hematology, 112(9), 3723-3734.

Mansour, A. T.E., Goda, A. A., Omar, E. A., Khalil, H. S., Esteban, M. A. (2017). Dietary
supplementation of organic selenium improves growth, survival, antioxidant and immune
status of meagre, Argyrosomus regius, juveniles. Fish and Shellfish Immunology, 68, 516-

524.

Mansouri, B., Maleki, A., Johari, S. A., Reshahmanish, N. (2015). Effects of cobalt oxide
nanoparticles and cobalt ions on gill histopathology of zebrafish (Danio rerio). Aquaculture,

Aquarium, Conservation and Legislation, 8(3), 438-444.

Mansouri, B., Pourkhabbaz, A., Babaei, H., Farhangfar, H. (2011). Experimental studies on
concentration and depuration of cobalt in the selected organs of fresh water fish Capoeta

fusca. World Journal of Fish and Marine Sciences, 3(5), 387-392.

Mansouri, B., Ebrahimpour, M., Pourkhabbaz, A., Babaei, H., Farhangfar, H. (2012).
Bioaccumulation and elimination rate of cobalt by Capoeta fusca under controlled conditions.

Journal of Animal and Plant Sciences, Lahore, 22(3), 622-626.

Marr, J., Hansen, J., Meyer, J., Cacela, D., Podrabsky, T., Lipton, J., Bergman, H. (1998).
Toxicity of cobalt and copper to rainbow trout: application of a mechanistic model for

predicting survival. Aquatic Toxicology, 43(4), 225-238.

278



REFERENCES

Martin, S. A., Krol, E. (2017). Nutrigenomics and immune function in fish: new insights from omics

technologies. Developmental and Comparative Immunology, 75, 86-98.

Massey, A. C. (1992). Microcytic anemia. Differential diagnosis and management of iron deficiency

anemia. The Medical Clinics of North America, 76(3), 549-566.

Miroshnikova, E., Arinzhanov, A., Kilyakova, Y., Sizova, E., Miroshnikov, S. (2015). Antagonist
metal alloy nanoparticles of iron and cobalt: impact on trace element metabolism in carp and

chicken. Human and Veterinary Medicine, 7(4), 253-259.

Moazenzadeh, K., Rajabi Islami, H., Zamini, A., Soltani, M. (2018). Effects of dietary zinc level
on performance, zinc status, tissue composition and enzyme activities of juvenile Siberian

sturgeon, Acipenser baerii (Brandt 1869). Aquaculture Nutrition, 24(4), 1330-1339.

Mondal, A. H., Behera, T., Swain, P., Das, R., Sahoo, S. N., Mishra, S. S. Ghosh, K. (2020). Nano
zinc vis-a-vis inorganic Zinc as feed additives: Effects on growth, activity of hepatic enzymes

and non-specific immunity in rohu, Labeo rohita (Hamilton) fingerlings. Aquaculture

Nutrition, 26(4), 1211-1222

Muralisankar, T., Bhavan, P. S., Radhakrishnan, S., Seenivasan, C., Manickam, N., Srinivasan,
V. (2014). Dietary supplementation of zinc nanoparticles and its influence on biology,
physiology and immune responses of the freshwater prawn, Macrobrachium rosenbergii.

Biological Trace Element Research, 160(1), 56-66.

Maxwell, P., Salnikow, K. (2004). HIF-1, an oxygen and metal responsive transcription factor.

Cancer Biology and Therapy, 3(1), 29-35.

McAuliffe, C., Quagliano, J., Vallarino, L. (1966). Metal complexes of the amino acid DL-

methionine. Inorganic Chemistry, 5(11), 1996-2003.

279



REFERENCES

McDowell, L. R. (2008). Vitamins in animal and human nutrition: John Wiley and Sons, 2"

edition,ISBN:0-8138-2630-6.

McRae, N. K., Gaw, S., Glover, C. N. (2016). Mechanisms of zinc toxicity in the galaxiid fish,
Galaxias maculatus. Comparative Biochemistry and Physiology Part C: Toxicology and

Pharmacology, 179, 184-190.

Miles, R. D., Henry, P. R. (2000). Relative trace mineral bioavailability. Ciéncia Animal Brasileira,

1(2), 73-93.

Mirzaie, M., Rahmani, Z., Taherkhani, A. (2013). Synthesis, Characterization and Thermal
Behavior Studies of Nanoparticles Cobalt (II) Chloride. Journal of Basic and Applied

Scientific Research, 3(1)183-186.

Mishra, A. K., Mohanty, B. (2008). Acute toxicity impacts of hexavalent chromium on behavior
and histopathology of gill, kidney and liver of the freshwater fish, Channa punctatus (Bloch).

Environmental Toxicology and Pharmacology, 26(2), 136-141.

Mody, V. V., Siwale, R., Singh, A., Mody, H. R. (2010). Introduction to metallic nanoparticles.

Journal of Pharmacy and Bioallied Sciences, 2(4), 282-289

Momin, J. K., Jayakumar, C., Prajapati, J. B. (2013). Potential of nanotechnology in functional

foods. Emirates Journal of Food and Agriculture (EJFA), 25(1), 10-19.

Mukherjee, S., Kaviraj, A. (2009). Evaluation of growth and bioaccumulation of cobalt in different
tissues of common carp, Cyprinus carpio (Actinopterygii: Cypriniformes: Cyprinidae), fed

cobalt-supplemented diets. Acta Ichthyologica et Piscatoria, 39(2), 87-93.

280



REFERENCES

Mukherjee, S., Kaviraj, A. (2011). Ecotoxicological assessment of cobalt used as supplement in the
diet of common carp Cyprinus carpio. Bulletin of Environmental Contamination and

Toxicology, 87(5), 527.

Mukherjee, S., Kaviraj, A. (2011). Bioaccumulation of cobalt, digestive enzyme activities, and
growth of freshwater catfish, Heteropneustes fossilis (Bloch), fed cobalt-supplemented diets.

Toxicological and Environmental Chemistry, 93(3), 575-584.

Nayak, S. K. (2010). Role of gastrointestinal microbiota in fish. Aquaculture Research, 41(11), 1553-

1573.

Naser, M. N. (2000). Role of iron in Atlantic salmon (Salmo salar) nutrition: Requirement,

bioavailability, disease resistance and immune response. Ph.D thesis

Nasri, F., Heydarnejad, S., Nematollahi, A. (2019). Sublethal cobalt toxicity effects on rainbow

trout (Oncorhynchus mykiss). Croatian Journal of Fisheries: Ribarstvo, 77(4), 243-252.

Neish, A. S. (2009). Microbes in gastrointestinal health and disease. Gastroenterology, 136(1), 65-

80.

Niemiec, M., Tabak, M., Komorowska, M., Sikora, J., Kuzminova, N. (2019). The content of Zn,
Co, and Ba in water and selected fish organs of blotched picarel (Spicara maena l.) and
haddock (Merlangius euxmus I|.) from Karantinna and Balaklava bays in the area of
Sevastopol. International Multidisciplinary Scientific Geo Conference: SGEM, 19(3.1), 741-

748.

Nguyen, L., Kubitza, F., Salem, S. M., Hanson, T. R., Davis, D. A. (2019). Comparison of organic
and inorganic microminerals in all plant diets for Nile tilapia Oreochromis niloticus.

Aquaculture, 498, 297-304.

281



REFERENCES

Nnaji, J., Uzairu, A., Gimba, C., Kagbu, J. (2011). Heavy metal risks in integrated chicken-fish

farming. Journal of Applied Sciences, 11(12), 2092-2099.

Nocek, J., Socha, M., Tomlinson, D. (2006). The effect of trace mineral fortification level and source

on performance of dairy cattle. Journal of Dairy Science, 89(7), 2679-2693.

Nollet, L., Van der Klis, J., Lensing, M., Spring, P. (2007). The effect of replacing inorganic with
organic trace minerals in broiler diets on productive performance and mineral excretion.

Journal of Applied Poultry Research, 16(4), 592-597.

Norwood, W., Borgmann, U., Dixon, D., Wallace, A. (2003). Effects of metal mixtures on aquatic
biota: a review of observations and methods. Human and Ecological Risk Assessment, 9(4),

795-811.

Oda, T., Hirota, K., Nishi, K., Takabuchi, S., Oda, S., Yamada, H. and Adachi, T. (2006).
Activation of hypoxia-inducible factor 1 during macrophage differentiation. American

Journal of Physiology-Cell Physiology, 291(1), 104-113.

Ogale, S. (2002). Mahseer breeding and conservation and possibilities of commercial culture. The

Indian experience. FAO Fisheries Technical Paper, 193-212.

Okamoto, S., Eltis, L. D. (2011). The biological occurrence and trafficking of cobalt. Metallomics,

3(10), 963-970.

Oksala, N. K., Ekmekgi, F. G., Ozsoy, E., Kirankaya, S., Kokkola, T., Emecen, G. and Atalay,
M. (2014). Natural thermal adaptation increases heat shock protein levels and decreases

oxidative stress. Redox Biology, 3, 25-28.

Oliva-Teles, A. (2012). Nutrition and health of aquaculture fish. Journal of Fish Diseases, 35(2), 83-

108.

282



REFERENCES

Olivieri, N. F., De Silva, S., Premawardena, A., Sharma, S., Viens, A. M., Taylor, C. M.
Weatherall, D. J. (2000). Iron overload and iron-chelating therapy in hemoglobin E-B

Thalassemia. Journal of Pediatric Hematology/Oncology, 22(6), 593-597.

Ololade, I., Oginni, O. (2010). Toxic stress and hematological effects of nickel on African catfish,
Clarias gariepinus, fingerlings. Journal of Environmental Chemisty and Ecotoxicology, 2(2),

014-019.

Oner, M., Atli, G., Canli, M. (2008). Changes in serum biochemical parameters of freshwater fish
Oreochromis niloticus following prolonged metal (Ag, Cd, Cr, Cu, Zn) exposures.

Environmental Toxicology and Chemistry: An International Journal, 27(2), 360-366.

Onuegbu, C., Aggarwal, A., Singh, N. (2018). ZnO nanoparticles as feed supplement on growth
performance of cultured African Catfish fingerlings. ZnO Nanoparticles as feed supplement

on growth performance of cultured african catfish fingerlings. Journal of Scientific and

Industrial Research, 77(4), 213-218.

Ornsrud, Robin, Lorentzen, M. (2002). Bioavailability of selenium from raw or cured
selenomethionine-enriched fillets of Atlantic salmon (Salmo salar) assessed in selenium-

deficient rats. British Journal of Nutrition, 87(1), 13-20.

()zparlak, H., Arslan, G., Arslan, E. (2012). Determination of some metal levels in muscle tissue
of nine fish species from Beysehir Lake, Turkey. Turkish Journal of Fisheries and Aquatic

Sciences, 12(4), 761-770.

Paik, 1. (2001). Application of chelated minerals in animal production. Asian Australasian Journal of

Animal Sciences, 14,191-198.

283



REFERENCES

Pal, S., Tak, Y. K., Song, J. M. (2007). Does the antibacterial activity of silver nanoparticles depend
on the shape of the nanoparticle? A study of the gram-negative bacterium Escherichia coli.

Applied Environmental Microbiology, 73(6), 1712-1720.

Palazon, A., Goldrath, A. W., Nizet, V., Johnson, R. S. (2014). HIF transcription factors,

inflammation, and immunity. Immunity, 41(4), 518-528.

Pan, Q., Liu, S., Tan, Y.G., Bi, Y.Z. (2003). The effect of chromium picolinate on growth and
carbohydrate utilization in tilapia, Oreochromis niloticusxOreochromis aureus. Aquaculture,

225(1-4), 421-429.

Pandey, G., Madhuri, S. (2014). Heavy metals causing toxicity in animals and fishes. Research

Journal of Animal, Veterinary and Fishery Sciences, 2(2), 17-23.

Pangle, K., Sutton, T. (2005). Temporal changes in the relationship between condition indices and
proximate composition of juvenile Coregonus artedi. Journal of Fish Biology, 66(4), 1060-

1072.

Paripatananont, T., Lovell, R. T. (1995). Chelated zinc reduces the dietary zinc requirement of

channel catfish, Ictalurus punctatus. Aquaculture, 133(1), 73-82.

Paripatananont, T., Lovell, R. T. (1997). Comparative net absorption of chelated and inorganic
trace minerals in channel catfish Ictalurus punctatus diets. Journal of the World Aquaculture

Society, 28(1), 62-67.

Paul, B., Giri, S. (2015). Freshwater aquaculture nutrition research in India. Indian Journal of Animal

Nutrition, 32(2), 113-125.

Paul, B.N. (2001). Importance of trace minerals in aquaculture nutrition. Winter school on

Sustainable fish feeds and nutraceuticals to grow health promoting fish, 204-211.

284



REFERENCES

Perrault, J. R., Buchweitz, J. P., Lehner, A. F. (2014). Essential, trace and toxic element
concentrations in the liver of the world’s largest bony fish, the ocean sunfish (Mola mola).

Marine Pollution Bulletin, 79(1-2), 348-353.

Pfaffl, M. W. (2001). A new mathematical model for relative quantification in real-time RT—

PCR. Nucleic Acids Research, 29(9), 45-45.

Piano, A., Valbonesi, P., Fabbri, E. (2004). Expression of cytoprotective proteins, heat shock
protein 70 and metallothioneins, in tissues of Ostrea edulis exposed to heat and heavy metals.

Cell Stress and Chaperones, 9(2), 134.

Prabhu, P. A. J., Lock, E.-J., Hemre, G.-1., Hamre, K., Espe, M., Olsvik, P. A. andSissener, N.
H. (2019). Recommendations for dietary level of micro-minerals and vitamin D3 to Atlantic

salmon (Salmo salar) parr and post-smolt when fed low fish meal diets. Aquatic Biology, 7,

6996-7018.

Prabu, E., Rajagopalsamy, C., Ahilan, B., Santhakumar, R., Jeevagan, 1. J. M. A., Renuhadevi,
M. (2017). An overview of anti-nutritional factors in fish feed ingredients and their effects in

fish. Journal of Aquaculture in the Tropics, 32(1/2), 149.

Pohlenz, C., and Gatlin III, D. M. (2014). Interrelationships between fish nutrition and health.

Aquaculture, 431, 111-117.

Pond, W. G., Church, D. B, Pond, K. R., Schoknecht, P. A. (2004). Basic animal nutrition and

feeding: John Wiley and Sons.ISBN:0-471-21539-2

Puke, S., Galoburda, R. (2020). Factors affecting smoked fish quality: a review. Research for Rural

Development, 35, 132-139.

285



REFERENCES

Qadir, M. A., Ahmed, M., Ahmad, A., Naz, S., Tirmazi, S., Khan, R. Waseem, R. (2014).
Synthesis of metal complexes with amino acids for animal nutrition. Global Vetrinaria, 12,

858-861.

Qiu, Y.W,, Lin, D., Liu, J.Q., Zeng, E. Y. (2011). Bioaccumulation of trace metals in farmed fish
from South China and potential risk assessment. Ecotoxicology and Environmental Safety,

74(3), 284-293.

Rahman, M. A., Hasegawa, H. (2012). Arsenic in freshwater systems: Influence of eutrophication
on occurrence, distribution, speciation, and bioaccumulation. Applied Geochemistry, 27(1),

304-314.

Rajeshkumar, S., Mini, J., Munuswamy, N. (2013). Effects of heavy metals on antioxidants and
expression of HSP70 in different tissues of Milk fish (Chanos chanos) of Kaattuppalli Island,

Chennai, India.Ecotoxicology and Environmental Safety, 98, 8-18.

Rasmussen, R. S. (2001). Quality of farmed salmonids with emphasis on proximate composition,

yield and sensory characteristics. Aquaculture Research, 32(10), 767-786.

Rajput, N. (2015). Methods of preparation of nanoparticles-a review. International Journal of

Advances in Engineering and Technology, 7(6), 1806.

Rigos, G., Samartzis, A., Henry, M,. Fountoulaki, E., Cotou, E., Sweetman, J., Davies, S.,
Nengas, 1. (2010). Effects of additive iron on growth, tissue distribution, haematology and
immunology of gilthead sea bream, Sparus aurata. Aquaculture international, 18(6),1093-

1104.

Robb, D. H., Crampton, V. O., Robb, D. H. F., Crampton, V. O. (2013). On-farm feeding and

feed management: Perspectives from the fish feed industry. On-Farm, Feeding and Feed

286



REFERENCES

Management in Aquaculture, FAO Fisheries and Aquaculture Technical Paper No. 583.

Rome, FAO. 489-518.

Ravishankar Rai, V. Jamuna, B.A. (2011). Nanoparticles and their potential application as
antimicrobials. Science against microbial pathogens: communicating current research and

technological advances, A. Méndez-Vilas (Ed.). 197-209

Ray, A., Ghosh, K., Ringg, E. (2012). Enzyme-producing bacteria isolated from fish gut: a review.

Aquaculture Nutrition, 18(5), 465-492.

Rescan, P. (2001). Regulation and functions of myogenic regulatory factors in lower vertebrates.
Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular Biology,

130(1), 1-12.

Richards, J. D., Zhao, J., Harrell, R. J., Atwell, C. A., Dibner, J. J. (2010). Trace mineral nutrition

in poultry and swine. Asian-Australasian Journal of Animal Sciences, 23(11), 1527-1534.

Rider, S., Davies, S., Jha, A., Clough, R., Sweetman, J. (2010). Bioavailability of co-supplemented
organic and inorganic zinc and selenium sources in a white fishmeal-based rainbow trout
(Oncorhynchus mykiss) diet. Journal of Animal Physiology And Animal Nutrition, 94(1), 99-

110.

Rennestad, 1., Yufera, M., Ueberschir, B., Ribeiro, L., Sele, O., Boglione, C. (2013). Feeding
behaviour and digestive physiology in larval fish: current knowledge, and gaps and

bottlenecks in research. Reviews in Aquaculture, 5, 59-98.

Rosarin, F. S., Mirunalini, S. (2011). Nobel metallic nanoparticles with novel biomedical properties.

Journal of Bioanalysis and Biomedicine, 3(4), 085-091.

287



REFERENCES

Rowland, 1., Gibson, G., Heinken, A., Scott, K., Swann, J., Thiele, 1., Tuohy, K. (2018). Gut
microbiota functions: metabolism of nutrients and other food components. European Journal

of Nutrition, 57(1), 1-24.

Rusu, D., Stanila, A., Marian, 1. O., Marian, C. O., Rusu, M., Lucaciu, R. (2009). Synthesis and
characterization of some cobalt (II) complexes with amino acids having biological activities.

Revista De Chimie, 60(9), 939-943.

Sajid, M., Ilyas, M., Basheer, C., Tariq, M., Daud, M., Baig, N., Shehzad, F. (2015). Impact of
nanoparticles on human and environment: review of toxicity factors, exposures, control
strategies, and future prospects. Environmental Science and Pollution Research, 22(6), 4122-

4143.

Sajjadi, N., Sarasiab, A. R. (2018). Evaluation of LCso of Nanoparticle of Mercury and Selenium in
Different life Stages of the Fish Tenualosa ilish (Hamilton 1822) in the environment

experimental. Global Advanced Research Journal of Agricultural Science, 7(9), 302-310.
Sakai, M. (1999). Current research status of fish immunostimulants.Aquaculture, 172(1-2), 63-92.

Sandor, Z., Papp, Z. G., Csengeri, l., Jeney, Z. (2011). Fish meat quality and safety. Tehnologija

Mesa, 52(1), 97-105.

Sapkale, P., Singh, R. (2011). Dietary zinc and cobalt requirements of fry of seabass (Lates
calcarifer) and catfish (Clarias batrachus). Israeli Journal of Aquaculture — BAMIGDEH,

63(613), 1-6.

Saravi, S. S., Karami, S., Karami, B., Shokrzadeh, M. (2009). Toxic effects of cobalt chloride on
hematological factors of common carp (Cyprinus carpio). Biological Trace Element

Research, 132(1-3), 144.

288



REFERENCES

Sarkar, B., Jaisai, M., Mahanty, A., Panda, P., Sadique, M., Nayak, B. Dutta, J. (2015).
Optimization of the sublethal dose of silver nanoparticle through evaluating its effect on
intestinal physiology of Nile tilapia (Oreochromis niloticus L.). Journal of Environmental

Science and Health, Part A, 50(8), 814-823.

Sarma, D., Haldar, R., Das, P., Mahanta, P. (2010). Management in seed production of golden

mahseer, Tor putitora in hatchery conditions. Aquaculture Asia, 4, 31-35.

Schwarz, F., Kirchgessner, M., Stangl, G. (2000). Cobalt requirement of beef cattle—feed intake
and growth at different levels of cobalt supply. Journal of Animal Physiology And Animal

Nutrition, 83(3), 121-131.

Sharif, M. K., Butt, M. S., Sharif, H. R. (2017). Role of nanotechnology in enhancing

bioavailability and delivery of dietary factors.Elsevier. In Nutrient delivery, 587-618.

Sen, S., Pathak, Y. (2016). Nanotechnology in nutraceuticals: production to consumption: Chemical

Rubber Company (CRC) Press.

Shaalan, M., Saleh, M., El-Mahdy, M., El-Matbouli, M. (2016). Recent progress in applications
of nanoparticles in fish medicine: a review. Nanomedicine: Nanotechnology, Biology and

Medicine, 12(3), 701-710.

Sharma, R., Bisen, D. P., Shukla, U., Sharma, B. G. (2012). X-ray diffraction: a powerful method

of characterizing nanomaterials.Recent Research in Science and Technology, 4(8), 77-79.

Shahpar, Z., Johari, S. A. (2019). Effects of dietary organic, inorganic, and nanoparticulate zinc on
rainbow trout, Oncorhynchus mykiss larvae. Biological Trace Element Research, 190 (2), 535-

540.

289



REFERENCES

Shaw, B. J., Handy, R. D. (2011). Physiological effects of nanoparticles on fish: a comparison of

nanometals versus metal ions. Environment International, 37(6), 1083-1097.

Shearer, K. D. (1994). Factors affecting the proximate composition of cultured fishes with emphasis

on salmonids. Aquaculture, 119(1), 63-88.

Shepherd, G., Hopkins, P. (1963). Determination of Protein Contamination of Deoxyribonucleic

Acid by the Folin-Lowry Method. Analytical Chemistry, 35(10), 1548-1549.

Shiau, S., Ning, Y. (2003). Estimation of dietary copper requirements of juvenile tilapia,

Oreochromis niloticus 5 O. aureus. Animal Science, 77(2), 287-292.

Simonsen, L. O., Harbak, H., Bennekou, P. (2012). Cobalt metabolism and toxicology—a brief

update. Science of the Total Environment, 432, 210-215.

Sevcikova, M., Modra, H., Slaninova, A., Svobodova, Z. (2011). Metals as a cause of oxidative

stress in fish: a review. Vetrinary Medicine, 56(11), 537-546.

Skrodenyte-Arbaciauskiene, V., Sruoga, A., Butkauskas, D. (2006). Assessment of microbial
diversity in the river trout Salmo trutta fario L. intestinal tract identified by partial 16S rRNA

gene sequence analysis. Fisheries Science, 72(3), 597-602.

Spears, J. W. (2002). Overview of mineral nutrition in cattle: the dairy and beef NRC. Paper

presented at the Proceedings 13th Annual Florida Ruminant Nutrition Symposium.

Spears, J. W. (1996). Organic trace minerals in ruminant nutrition. Animal Feed Science and

Technology, 58(1-2), 151-163.

Spears, J. W. (2000). Micronutrients and immune function in cattle. Proceedings of the Nutrition

Society, 59(4), 587-594.

290



REFERENCES

Srinivasan, V., Bhavan, P. S., Rajkumar, G., Satgurunathan, T., Muralisankar, T. (2016).
Effects of dietary iron oxide nanoparticles on the growth performance, biochemical
constituents and physiological stress responses of the giant freshwater prawn Macrobrachium

rosenbergii post-larvae. International Journal of Fisheries and Aquatic Studies, 4(2), 170-182.

Soetan, K., Olaiya, C., Oyewole, O. (2010). The importance of mineral elements for humans,

domestic animals and plants-A review. African Journal of Food Science, 4(5), 200-222.

Sousa, S. F., Fernandes, P. A., Ramos, M. J. (2007). The carboxylate shift in zinc enzymes: A

computational study. Journal of the American Chemical Society, 129(5), 1378-1385.

Stanila, A., Braicu, C., Stanila, S. (2011). Antibacterial activity of copper and cobalt amino acids

complexes. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 39(2), 124-129.

Steffens, W. (2006). Freshwater fish-wholesome foodstuffs. Bulgarian Journal of Agricultural

Science, 12(2), 320-328.

Subasinghe, R., Soto, D., Jia, J. (2009). Global aquaculture and its role in sustainable development.

Reviews in Aquaculture, 1(1), 2-9.

Sujatha, K., Joice, A. A., Kumaar, P. S. (2013). Total protein and lipid content in edible tissues of
fishes from Kasimodu fish landing centre, Chennai, Tamilnadu. European Journal of

Experimental Biology, 3(5), 252-257.

Suganthi, P., Soundarya, N., Stalin, A., Nedunchezhiyan, S. (2015). Toxicological effect of cobalt
chloride on freshwater fish Oreochromis mossambicus. International Journal of Applied

Research, 1(3), 331-340.

Sugiura, S., Dong, F., Hardy, R. (2000). Primary responses of rainbow trout to dietary phosphorus

concentrations. Aquaculture Nutrition, 6(4), 235-245.

291



REFERENCES

Suttle, N. F. (2010). Mineral nutrition of livestock: CABI, 4™ edition, ISBN: 978-84593-472-9

Swain, P. S., Rao, S. B., Rajendran, D., Dominic, G., Selvaraju, S. (2016). Nano zinc, an
alternative to conventional zinc as animal feed supplement: A review. Animal Nutrition, 2(3),

134-141.

Swanner, E. D., Planavsky, N. J., Lalonde, S. V., Robbins, L. J., Bekker, A., Rouxel, O. J.,
Konhauser, K. O. (2014). Cobalt and marine redox evolution. Earth and Planetary Science

Letters, 390, 253-263.

Tamura, J., Kubota, K., Murakami, H., Sawamura, M., Matsushima, T., Tamura, T., Naruse,
T. (1999). Inmunomodulation by vitamin B12: augmentation of CD8+ T lymphocytes and
natural killer (NK) cell activity in vitamin Bi>-deficient patients by methyl-Bi, treatment.

Clinical and Experimental Immunology, 116(1), 28-32.

Tan, B., Mai, K. (2001). Zinc methionine and zinc sulfate as sources of dietary zinc for juvenile

abalone, Haliotis discus.Aquaculture, 192(1), 67-84.

Tawfik, M., Moustafa, M., Abumourad, I., EI-Meliegy, E., Refai, M. (2017). Evaluation of Nano
Zinc Oxide feed additive on tilapia Growth and Immunity. Paper presented at the 15th

International Conference on Environmental Science and Technology, Rhodes, Greece.
Trichet, V. V. (2010). Nutrition and immunity: an update. Aquaculture Research 41(3): 356-372.

Taylor-Pickard, J. A., Tucker, L. A. (2005). Re-defining mineral nutrition: Nottingham University

Press.ISBN: 1904761305

Tchounwou, P. B., Ayensu, W. K., Ninashvili, N., Sutton, D. (2003). Environmental exposure to
mercury and its toxicopathologic implications for public health. Environmental Toxicology:

An International Journal, 18(3), 149-175.

292



REFERENCES

Teles, A. (2012). Nutrition and health of aquaculture fish. Journal of Fish Diseases, 35(2), 83-108.

Tewari, R. K., Kumar, P., Sharma, P. N., Bisht, S. S. (2002). Modulation of oxidative stress

responsive enzymes by excess cobalt. Plant Science, 162(3), 381-388.

Thangapandiyan, S., Monika, S. (2019). Green Synthesized Zinc Oxide Nanoparticles as Feed
Additives to Improve Growth, Biochemical, and Hematological Parameters in Freshwater

Fish Labeo rohita. Biological Trace Element Research, 195, 636-647.

Todorova, T. T., Ermenlieva, N., Tsankova, G. (2017). Vitamin Bi>: Could It Be a Promising
Immunotherapy? Immunotherapy: Myths, Reality, Ideas, Future,ISBN:978-953-51-3106-9,

85

Tonye, I. A., Sikoki, F. D. (2014). Growth Performance and Proximate Composition of Oreochromis
Niloticus (Trewavas) Fed Cobalt Chloride Incorporated Diet. Journal of Biology, Agriculture

and Healthcare, 4(5),106-125.

Terech-Majewska, E., Pajdak, J., Siwicki, A. K. (2016). Water as a source of macronutrients and
micronutrients for fish with special emphasis on the nutritional requirements of two fish
species: the common carp (Cyprinus carpio) and the rainbow trout (Oncorhynchus mykiss).

Journal of Elementology, 21(3), 947-961.

Trenzado, C. E., Morales, A. E., Higuera, M. (2006). Physiological effects of crowding in rainbow
trout, Oncorhynchus mykiss, selected for low and high stress responsiveness. Aquaculture,

258(1-4), 583-593.

Tseng, Y.C., Hwang, P.P. (2008). Some insights into energy metabolism for osmoregulation in fish.
Comparative Biochemistry and Physiology Part C: Toxicology and Pharmacology, 148(4),

419-429.

293



REFERENCES

Uchida, K., Mandebvu, P., Ballard, C., Sniffen, C., Carter, M. (2001). Effect of feeding a
combination of zinc, manganese and copper amino acid complexes, and cobalt glucoheptonate
on performance of early lactation high producing dairy cows. Animal Feed Science and

Technology, 93(3-4), 193-203.

Unice, K. M., Monnot, A. D., Gaffney, S. H., Tvermoes, B. E., Thuett, K. A., Paustenbach, D.
J., Finley, B. L. (2012). Inorganic cobalt supplementation: Prediction of cobalt levels in
whole blood and urine using a biokinetic model. Food and Chemical Toxicology, 50(7), 2456-

2461.

Vaquero, Garcia-Marco, Miranda, M., Benedito, J. L., Blanco-Penedo, 1., Lopez-Alonso, M.
(2011). Eftect of type of muscle and Cu supplementation on trace element concentrations in

cattle meat. Food, 49(6), 1443-1449

Venugopal, B. Luckey,T.D. (2013). Physiologic and chemical basis for metal toxicity: Springer

science and Business media.ISBN:978-1-4684-2952-7

Vieira, Luiz, S. (2008). Chelated minerals for poultry. Brazilian Journal of Poultry Science, 10(2),

73-79.

Vieira, M. C., Torronteras, R., Cérdoba, F., Canalejo, A. (2012). Acute toxicity of manganese in
goldfish Carassius auratus is associated with oxidative stress and organ specific antioxidant

responses. Ecotoxicology and Environmental Safety, 78, 212-217.

Visetpotjanakit, S., Khrautongkieo, C. (2018). Participation in IAEA proficiency test to analyse
cobalt, strontium and caesium in seawater using direct counting and radiochemical

techniques. International Journal of Chemical and Molecular Engineering, 12(7), 314-318.

294



REFERENCES

Wagatsuma, A., Kotake, N., Yamada, S. (2011). Spatial and temporal expression of hypoxia-
inducible factor-la during myogenesis in vivo and in vitro. Molecular and Cellular

Biochemistry, 347(1-2), 145-155.

Wang, C., Lovell, R. T. (1997). Organic selenium sources, selenomethionine and selenoyeast, have
higher bioavailability than an inorganic selenium source, sodium selenite, in diets for channel

catfish (Ictalurus punctatus). Aquaculture, 152(1-4), 223-234.

Wang, C., Lovell, R. T., Klesius, P. H. (1997). Response to Edwardsiella ictaluri challenge by
channel catfish fed organic and inorganic sources of selenium. Journal of Aquatic Animal

Health, 9(3), 172-179.

Wang, T., Long, X., Cheng, Y., Liu, Z., Yan, S. (2015). A comparison effect of copper nanoparticles
versus copper sulphate on juvenile Epinephelus coioides: growth parameters, digestive
enzymes, body composition, and histology as biomarkers. International Journal of Genomics,

2015, 1-10.

Wang, Hu, C., Shao, L. (2017). The antimicrobial activity of nanoparticles: present situation and

prospects for the future. International Journal of Nanomedicine, 12, 1227-1249.

Wang, Yanbo, Yan, X., Fu, L. (2013). Effect of selenium nanoparticles with different sizes in
primary cultured intestinal epithelial cells of crucian carp, Carassius auratus gibelio.

International Journal of Nanomedicine, 8, 4007—4013.

Watanabe, W. O., Losordo, T. M., Fitzsimmons, K., Hanley, F. (2002). Tilapia production systems
in the Americas: technological advances, trends, and challenges. Reviews in Fisheries

Science, 10(3-4), 465-498.

295



REFERENCES

Weeks, B. S., Hanna, M. S., Cooperstein, D. (2012). Dietary selenium and selenoprotein function.
Medical Science Monitor: International Medical Journal of Experimental and Clinical

Research, 18(8), 127-132.

Weidinger, A., Kozlov, A. V. (2015). Biological activities of reactive oxygen and nitrogen species:

oxidative stress versus signal transduction. Biomolecules, 5(2), 472-484.

Williams, M. B., and Watts, S. A. (2019). Current basis and future directions of zebrafish

nutrigenomics. Genes and Nutrition, 14(1),1-10.

Wilson, R. (2003). Amino acid requirements of finfish and crustaceans. Amino Acids in Animal
Nutrition, CAB International 2003. Amino Acids in Animal Nutrition, 2nd edition (ed. J.P.F.

D’Mello) 427-460.

Wiasow, T., Kuzminski, H., Woznicki, P., Ziomek, E. (2004). Blood cell alteration in triploid brook

trout Salvelinus fontinalis (Mitchill). Acta Veterinaria Brno, 73(1), 115-118.
Wood, R. J. (2009). Manganese and birth outcome. Nutrition Reviews, 67(7), 416-420.

Wu, Y. P., Feng, L., Jiang, W. D., Liu, Y., Jiang, J., Li, S. H., Tang, L., Kuang, S.Y., Zhou, X.
Q. (2015). Influence of dietary zinc on muscle composition, flesh quality and muscle
antioxidant status of young grass carp (Ctenopharyngodon idella Val.).Aquaculture Research,

46(10), 2360-2373,

Yaqub, S., Javed, M. (2012). Acute Toxicity of Water-borne and Dietary Cadmium and Cobalt for

Fish. International Journal of Agriculture and Biology, 14(2), 276-280.

Yeannes, M. A. 1., Almandos, M. A. E. (2003). Estimation of fish proximate composition starting

from water content. Journal of Food Composition and Analysis, 16(1), 81-92.

296



REFERENCES

Yildiz, M. (2008). Mineral composition in fillets of sea bass (Dicentrarchus labrax) and sea bream
(Sparus aurata): a comparison of cultured and wild fish. Journal of Applied Ichthyology,

24(5), 589-594.

Yilmaz, A. B., Sangiin, M. K., Yaghoglu, D., Turan, C. (2010). Metals (major, essential to non-
essential) composition of the different tissues of three demersal fish species from Iskenderun

Bay, Turkey. Food Chemistry, 123(2), 410-415.

Younus, N., Zuberi, A., Rashidpour, A., Meton, 1. (2020). Dictary cobalt supplementation
improves growth and body composition and induces the expression of growth and stress

response genes in Tor putitora. Fish Physiology and Biochemistry, 46(1), 371-381.

Younus, N., Zuberi, A., Mahmoood, T., Akram, W., Ahmad, M. (2020). Comparative effects of
dietary micro-and nano-scale chitosan on the growth performance, non-specific immunity,
and resistance of silver carp Hypophthalmichthys molitrix against Staphylococcus aureus

infection. Aquaculture International, 28(6), 2363-2378.

Zaichenko, A., Stoika, R. (2014). Responses of hepatic metallothioneins and apoptotic activity in
Carassius auratus gibelio witness a release of cobalt and zinc from waterborne nanoscale

composites. Comparative Biochemistry and Physiology, Part C, 160, 66-74.

Zhang, Y., Rodionov, D. A., Gelfand, M. S., Gladyshev, V. N. (2009). Comparative genomic

analyses of nickel, cobalt and vitamin B, utilization. BMC Genomics, 10(1), 1-26.

Zheng, J. L., Luo, Z., Liu, C.X., Chen, Q.L., Tan, X.Y., Zhu, Q. L., Gong, Y. (2013). Differential
effects of acute and chronic zinc (Zn) exposure on hepatic lipid deposition and metabolism in

yellow catfish Pelteobagrus fulvidraco. Aquatic Toxicology, 132, 173-181.

297



REFERENCES

Zhou, Dehne, N., Briine, B. (2009). Nitric oxide causes macrophage migration via the HIF-1-
stimulated small GTPases Cdc42 and Racl. Free Radical Biology and Medicine, 47(6), 741-

749.

Zhou, X., Wang, Y., Gu, Q., Li, W. (2009). Effects of different dietary selenium sources (selenium
nanoparticle and selenomethionine) on growth performance, muscle composition and
glutathione peroxidase enzyme activity of crucian carp (Carassius auratus gibelio).

Aquaculture, 291(1-2), 78-81.

Zhu, X., Tian, S., Cai, Z. (2012). Toxicity assessment of iron oxide nanoparticles in zebrafish (Danio

rerio) early life stages. PLoS One, 7(9),1-6.

Zinkernagel, A. S., Johnson, R. S., Nizet, V. (2007). Hypoxia inducible factor (HIF) function in

innate immunity and infection. Journal of Molecular Medicine, 85(12), 1339-1346.

Ziki¢, R. V., Stajn, A. S., Pavlovié, S. Z., Ognjanovi¢, B. L., Sai¢i¢, Z. S. (2001). Activities of
superoxide dismutase and catalase in erythrocytes and plasma transaminases of goldfish
(Carassius auratus gibelio Bloch.) exposed to cadmium. Physiological Research, 50(1), 105-

I11.

298






Fish Physiol Biochem (2020) 46:371-381
https://doi.org/10.1007/s10695-019-00723-5

Dietary cobalt supplementation improves growth and body
composition and induces the expression of growth

®

Check for
updates

and stress response genes in Tor putitora

Naima Younus - Amina Zuberi - Ania Rashidpour -
Isidoro Meton

Received: 23 May 2019 / Accepted: 22 October 2019 /Published online: 10 November 2019

© Springer Nature B.V. 2019

Abstract A 90-day randomized feeding experiment
was performed to assess the effects of dietary cobalt
(Co) supplementation on the growth performance, mus-
cle composition, status of iron and manganese in the
muscle as well as the expression of growth-related genes
in the muscle (myoblast determination protein 1 homo-
log (MyoD) and myogenin) and the stress-related gene
heat shock protein 70 KDa (Hsp-70) in the liver of
mabhseer (Tor putitora). Feeding trial was conducted in
triplicate under controlled semi-static conditions, and
graded levels of dietary cobalt (0.5-3 mg/kg) were fed
to six groups of advanced fry of T_ putitora. The results
obtained indicated a curvilinear relationship of dietary
Co levels with body crude protein content and weight
gain (%). A positive correlation was observed with up to
2 mg Co/kg diet. However, a decreasing trend was
found with values over 2 mg Co/kg diet. The expression
of muscle growth biomarkers MyoD and myogenin
showed a similar response, upregulation up to 2 mg
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Co/kg diet and decreased expression at 3 mg Co/kg diet.
Indeed, the highest dietary Co supplementation in-
creased the expression of Hsp-70, a key gene expressed
in response to stress. Moreover, the muscle content of
iron and manganese showed an inverse relationship with
the dietary Co supplementation. Our findings suggest
that 2 mg/kg Co dietary supplementation stimulates
myogenesis and optimize muscle growth and body com-
position, while higher levels enhanced the expression of
stress response genes and impaired growth of
T. putitora.

Keywords Cobalt chloride - Myoblast determination
protein 1 homolog - Myogenin - Heat shock protein 70
KDa - Mahseer

Introduction

Properly balanced feed formulation according to devel-
opmental stage and species is a prerequisite for optimal
health status and growth performance in fish. Dietary
protein and other essential nutrients such as lipids, vita-
mins, carbohydrates and minerals are required in opti-
mum quantity for maintaining growth and improving
health (Whitney and Rolfes 1993). Fortified feed with
essential nutrient supplementation can prevent suscepti-
bility to disease and nutrient-related deficiencies that
may impair and disturb body functions.

Fish can absorb minerals and other compounds from
surrounding water. Nevertheless, due to low concentra-
tion in water, freshwater fish generally require minerals
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as dietary supplements to fulfill body requirements
(Beveridge et al. 2013). Supplementation of any partic-
ular mineral in feedstuffs should be carefully screened to
avoid metal accumulation at toxic levels (Malomo and
Thegwuagu 2017). The current knowledge about sup-
plementation of metallic minerals in fish is mostly lim-
ited to iron, manganese, zinc and selenium, which are
the main elements of body fluids and the basic compo-
nents of non-enzymatic macromolecules and can also
act as cofactors in enzymatic reactions (Robbins 1993).
However, various spiteful symptoms associated with
deficiencies of other minerals like chromium, copper,
fluorine, iodine and molybdenum, are well known (Lall
2002; Terech-Majewska et al. 2016).

Cobalt is considered as an important essential
micromineral in fish and other vertebrates (Perrault
et al. 2014; Rahal and Shivay 2016). It regulates blood
glucose levels, the activity of many enzymes and intes-
tinal microbial synthesis of vitamin B,, which is a co-
factor of two important enzymes, i.e. methylmalonyl-
CoA mutase (MCM) and methionine synthase (MS)
(Speich et al. 2001; Siddiqui et al. 2014). MS is involved
in the synthesis of methionine and nucleic acids
(McDowell 1989), while MCM plays an important role
in the Krebs cycle by contributing to the synthesis of
succinyl-CoA (Krdutler 2005; Takahashi-Iiiguez et al.
2012; Moll and Davis 2017).

Worldwide Co abundance in the Earth's crust and in
water is relatively low (Karadede-Akin and Unli 2007;
Swanner et al. 2014). Therefore, it must be supplied
with the feed (Robbins 1993; Mukherjee and Kaviraj
2009). Dietary Co requirement in fish varies with age,
size, species and culture conditions (Wilson 1991).
Although plant- and animal-based proteins are a source
of Co for aquafeeds, some freshwater fish require addi-
tional Co in their diet for optimum growth (Wilson
1991). Though Co is ranked as an essential dietary
mineral, knowledge about the optimum dietary require-
ment of cobalt in many fish species is limited.

Mabhseer (Tor putitora) is a cyprinid fish, widely
distributed throughout the Indian subcontinent. It is an
important game fish and regarded as a valued fish due to
its large size and high commercial value (Bhatt and
Pandit 2016). It is classified as an endangered species
due to the depletion of natural stocks. In Pakistan, it is
cultured in captivity under controlled environment con-
ditions. Contrary to natural bodies of water, culturing
fish in captivity requires fortified nutrition and adequate
feeding (Oliva-Teles 2012). Bearing in mind the

@ Springer

importance of Co as an essential micromineral in feed-
stuffs for fish farming and the fact that limited literature
has addressed the dietary requirement of Co, the present
study was designed to determine optimal dietary sup-
plementation levels of Co for 7. putitora. To this end, we
analyzed the effect of graded levels of dietary Co sup-
plementation on growth rate, body composition, metal
bioaccumulation and the expression of genes involved
in growth and stress responses.

Material and methods
Experimental design

Mahseer (7. putitora) advanced fry were used for this
study. Uniform-sized mahseer (average wet weight +
SEM, 1.35 + 0.02 g) were selected and randomly dis-
tributed (stocking density = 1.5 g/L, i.e. 30 fish/tank) in
21 rectangular fish rearing fiberglass troughs (capacity =
45 L) equipped with heaters and an aeration system for
maintaining water temperature (22.5°C) and dissolved
oxygen (DO) level (6.0 mg/L). A basal diet containing
39.4% of crude protein was used as a control without Co
supplementation (Table 1). Experimental diets A—F
were designed on the basis of the basal diet but includ-
ing increasing amounts of cobalt chloride hexahydrate
(Sigma, USA), which was added to finely ground feed
ingredients (A, 0.5 mg/kg diet; B, 1.0 mg/kg diet; C, 1.5
mg/kg diet; D, 2.0 mg/kg diet; E, 2.5 mg/kg diet; and F,
3.0 mg/kg diet). Feed pellets were prepared, dried and
saved in Ziploc bags by following a standard method
described previously (Amir et al. 2018). Fresh feed was
prepared after every 15 days. Before providing feed to
the respective groups, feed pellets were crushed by
using a pestle motor and sieved through a fine mesh
(150-250 pum), while feed particle size was adjusted
after 1 month on the basis of the size of the fry. The
experiment was conducted using three tanks per treat-
ment. Feeding trial started after 1 week of acclimatiza-
tion to corresponding tanks (control fish fed with the
basal diet and fish fed with experimental diets A—F). At
the beginning of the experiment, fish were fed three
times a day (9:00, 13:00 and 16:00) at a daily rate of
8% body weight. After 1 month, daily rate was reduced
to 4% body weight and supplied twice a day (9:00 and
18:00) until the end of the trial. Remaining feed was
removed after 2 h of feeding while fish excreta were
removed daily. Both were filtered and collected
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separately. Every day, the total volume of water was
maintained by addition of fresh water. Throughout the
experiment, water quality parameters were checked by
means of Multi-parameter Hanna HI 9829-01102. The
feeding trial lasted for 90 days, during which tempera-
ture and DO levels fluctuated slightly, i.e. temperature +
0.2°C and DO level = 0.35 mg/L, while total ammonia
remained < 0.5 mg/L. All experimental procedures were
approved by the Quaid-i-Azam University’s animal wel-
fare committee in compliance with local legislation
(BEC-FBS-67-QAU-2017).

Sampling and growth measurements

At the end of the trial (90 days), fish were starved for
24 h before sampling. Fish from each tank were cap-
tured separately, weighed and counted for evaluation of
growth performance. Standard formulas reported previ-
ously (Zhou et al. 2013; Munir et al. 2016) were adopted
for determining growth performance:

Average weight gain = average wr—average wj

Weight gain (%) = we—w; + w; x 100

Feed conversion ratio (FCR) = Feed intake (g) +~ Weight gain (g)

Specific growth rate (%) = (In w¢—In w;)
-+ experimental duration x 100

where w; = initial body weight of fish, w¢ = final body
weight of fish.

About 6 fish per tank (18 fish/treatment) were anes-
thetized with buffered MS222 (0.1 mg/L) and dissected
at low temperature (on an ice pad), and the muscle and
liver were immediately collected and preserved in RNA
later (Thermo Scientific CAT# AM7020) for molecular-
based studies. To obtain sample in enough quantity for
proximate analysis, 21 fry from each tank were caught
and divided into three pools consisting of 7 fry each,
thus representing three pools/tank (nine pools/
treatment).

Body proximate composition

Standard protocols were adopted to determine mahseer
body composition (AOAC 2000). All analyses were

Table1 Formulation and composition of basal diet for T putitora

Ingredients Quantity (g/100 g)
White fish meal 45
Soybean meal 15
Sunflower meal 15
Gluten 60% 15
Rice polish 4
Wheat bran 4
cMcC? 1
Vitamin premix” 1
Cobalt chloride® 0

Proximate composition (%)

Crude protein 39.42
Crude fat 12.57
Ash 8.73

# Carboxy-methyl-cellulose

® Vitamin premix contains vitamins, amino acids and minerals
premix/100g

¢ Cobalt chloride hexahydrate was added to experimental diets A
(0.5 mg/kg diet), B (1.0 mg/kg diet), C (1.5 mg/kg diet), D (2.0
mg/kg diet), E (2.5 mg/kg diet) and F (3.0 mg/kg diet). The basal
diet was not supplied with cobalt chloride

conducted at the ISO 17025 accredited laboratory facil-
ity of the Poultry Research Institute (PRI, Islamabad,
Pakistan). The crude protein and fat contents were de-
termined by using the Kjeldahl and Soxthlet extraction
procedure, respectively, while ash content was deter-
mined by heating sample in a muffle furnace at 550°C.

Metal bioaccumulation

Atomic absorption spectrometry was used to determine
the muscle Co, iron and manganese contents. For this
purpose, 1 g fish muscle was added to conical flasks
containing 5 ml of HNOj3 and 1 ml HCIO,. The reaction
mixture was digested on a hot plate at 200°C to 250°C
until a clear and transparent solution was obtained.
Samples were cooled at room temperature, filtered
through a Whatman No. 42 filter paper, diluted by
adding 50 ml of distilled water and analyzed for
Co (A = 240 nm), Fe (A = 248 nm) and Mn (A =
279.5 nm) by using Varian AA240FS (Palo Alto,
CA, USA) for fast sequential atomic absorption
spectroscopy. For each metal studied, standard cal-
ibration curves were performed to determine metal
concentrations in samples.
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Molecular cloning of 7. putitora myoblast determination
protein 1 homolog, myogenin and heat shock protein 70
KDa cDNA fragments

Total RNA from muscle and liver samples was isolated
by using High Pure RNA tissue kit (Roche, Basel,
Switzerland) and Illustra RNAspin Mini Isolation Kit
(GE Healthcare, Chicago, IL, USA), respectively.
Following quantification with NanoDrop ND-1000
(Thermo Scientific, Waltham, MA, USA), 1 pg of total
RNA was used to synthesize cDNA by incubating with
M-MLV RT (Promega, Madison, WI, USA) for | h at
37°C in the presence of random hexamers. Reverse
transcription polymerase chain reaction (RT-PCR) was
performed with primers designed from conserved re-
gions of myoblast determination protein 1 homolog
(MyoD), myogenin and heat shock protein 70 KDa
(Hsp-70) coding-domain sequences in closely related
fish species (Danio rerio, Ctenopharyngodon idella,
Cyprinus carpio and Labeo rohita) (Table 2). PCR
products, MyoD and myogenin from the muscle, and
Hsp-70 from the liver were purified and then ligated into
pGEM-T Easy (Promega, Madison, WI, USA). The
resulting constructs were used to transform competent
E. coli cells. Positive colonies were grown overnight at
37°C in liquid LB media supplemented with ampicillin
to isolate plasmid DNA by using the GenElute Plasmid
Miniprep Kit (Sigma-Aldrich, San Luis, MI, USA).
Plasmids with inserted fragments were totally se-
quenced on both strands. The cloning of amplified
products and sequencing of three independent clones
for each gene allowed us to obtain cDNA fragments of
421 bp for MyoD, 615 bp for myogenin and 353 bp for
Hsp-70. The nucleotide sequences isolated for
T. putitora MyoD, myogenin and Hsp-70 were submit-
ted to the DDJB/EMBL/GenBank databases under ac-
cession numbers MH545701, MH545702 and
MHS545703, respectively. The inferred amino acid se-
quences of 7. putitora MyoD, myogenin and Hsp-70
were aligned with GDH orthologues in other fish spe-
cies and vertebrates to explore evolutionary relation-
ships and generated phylogenetic trees by pair-wise
alignments (Sievers et al. 2011).

Quantitative RT-PCR

Total RNA (1 pg) isolated from tissue samples was
reverse transcribed for 1 h at 37°C with M-MLV RT
(Promega, Madison, WI, USA). MyoD, myogenin and
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Hsp-70 mRNA levels were determined with
StepOnePlus Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). To this end,
0.4 uM of the corresponding primer pair (Table 3),
10 pl of SYBR Green (Applied Biosystems, Foster
City, CA, USA) and 1.6 pl of diluted cDNA were mixed
in a 20-pl reaction. The temperature cycle protocol for
amplification was 95°C for 10 min, followed by 40
cycles at 95°C for 15 s and 62°C for 1 min. A dissoci-
ation curve was run after each experiment to ensure
amplification of single products. The efficiency of the
PCR reaction was checked for each gene by generating
standard curves with serial dilutions of a control cDNA
sample. MyoD, myogenin and Hsp-70 mRNA levels
were normalized to the expression of 7. putitora [3-
actin (primers shown in Table 3). Variations in gene
expression were calculated by the standard AACy
method (Pfaffl 2001).

Statistics

Statistical package program SPSS (version 20) was used
to analyze data. Univariate generalized linear model
(GLM) followed by LSD test was applied to determine
significant differences (P < 0.05) among treatments for
growth performance, proximate composition and metal
accumulation in the muscle of 7. putitora. One-way
ANOVA was used to analyze gene expression data.

Results
Growth performance

The relative growth performance of 7. putitora in re-
sponse to different levels of dietary Co supplementation
is shown in Table 4. At the end of the experiment, a
positive relationship was observed between % weight
gain and Co dietary dosage level up to 2 mg Co/kg diet
(R* = 0.889). However, values over 2 mg Co/kg diet
negatively affected weight gain (R* = 0.98). Among
different treatments, the highest percentage of weight
gain was observed in fish fed 2 mg/kg dietary Co (P <
0.05). However, in fish fed diets supplemented with 2.5
mg/kg (group E) and 3 mg/kg (group F), dietary Co
reduced fish weight compared to the control by 8% and
11.3%, respectively.
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Table 2 Putative primers used in the present study for isolation of MyoD, myogenin and Hsp-70 cDNA fragments

Sequence 5’ to 3’

Amplicon size

Gene Primer type
MyoD Forward
Reverse
Myogenin Forward
Reverse
Hsp-70 Forward
Reverse

TTTCTACGACGACCCTTGCTTC
TGCCATCAGAGCAGTTGGATC
CCAGCGTTTTTACGAAGGCG
ACGTCAGAGACCTCAGGTTGG
ATGGTCCTGGTGAAGATGAAG
GATGTCCTTCTTGTGCTTCCTC

464 bp

665 bp

396 bp

Whole body composition

Whole body proximate composition in response to dif-
ferent levels of dietary Co supplied to mahseer is shown
in Table 5. Crude protein content showed a positive
correlation (R* = 0.99) with dietary Co supplementation
up to 2 mg/kg diet (group D), having values significant-
ly higher than those of the control fish (P < 0.05).
However, the highest level of dietary Co (3 mg/kg,
group F) showed a negative effect (deceased content)
on muscle protein. In contrast to protein content, muscle
fat and ash exhibited a positive correlation (R* = 0.8587
and R* = 0.756, respectively) with dietary Co even at the
highest supplementation level.

Metal bioaccumulation

The effect of graded levels of dietary Co concentration
on the accumulation of Fe, Mn and Co in muscle is
shown in Table 6. The concentration of Mn and Fe in the
muscle of 7. putitora showed a negative correlation
(Mn, R = 0.907; Fe, R* = 0.993) while Co showed a
positive correlation (R* = 0.953) with dietary Co sup-
plementation (Fig. la—c).

Table 3 Putative primers used in the present study for RT-qPCR

Cloning of 7. putitora MyoD, myogenin and Hsp-70
cDNA fragments

Among fish, 7. putitora MyoD exhibited higher simi-
larity with sequences reported for C. idella, D. rerio and
C. carpio (100%, 99.3% and 97.9% of identity, respec-
tively), while the identity with other fish species ranged
from 87.1% to 92.4%. A lower similarity was observed
when compared with mammalian orthologues: identity
with Homo sapiens and Mus musculus was 82.1% and
82.9%, respectively (Supplementary Fig. S1). As seen
in MyoD, T. putitora myogenin also exhibited higher
similarity with D. rerio and C. carpio (90.2% and 94.1%
of identity, respectively). However, the percent identity
with other fish species ranged from 68.9% to 74.0%,
while 59.3% and 58.7% similarity were found with
H. sapiens and M. musculus, respectively
(Supplementary Fig. S2). For T. putitora Hsp-70, we
found 98.3% similarity with amino acid sequences re-
ported for D. rerio, while for other fish species, similar-
ity ranged from 88.9% to 93.2%. The similarity of
T. putitora Hsp-70 with that of H. sapiens and
M. musculus was 85.5% and 90.6%, respectively
(Supplementary Fig. S3).

Gene Accession no.(GenBank) Primer type Sequence 5' to 3’ Amplicon size

[3-actin KU714644.1 Forward GCTGTGCTGTCCCTGTATGC 99 bp
Reverse GGCGTAACCCTCGTAGATGG

MyoD MH545701 Forward CGCTTTCGAGACCCTCAAGAG 107 bp
Reverse GCGCCTGCAGAGACTCAATG

Myogenin MH545702 Forward GGACAAACCGTCTCCATCTTC 165 bp
Reverse CCTCCTCTTCTCCCTCAAAGTG

Hsp-70 MH545703 Forward GATTGCTGAAGCCTATTCTGG 83 bp
Reverse TTGCCTCTGGGAGTCATTG
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Table 4 Effect of graded levels of dietary cobalt supplement on the growth performance of 7. putitora

Diet Mean initial Mean final Average weight Weight gain (%) Specific growth FCR

groups weight (g) weight (g) gain (g) rate (%)

Control 1.36 + 0.006° 239 +0.051¢ 1.03 +0.201¢ 75.73 +£0.413° 0.63 +0.003% 5.61+0.001¢
A 1.35 + 0.005° 2.41 +0.020°¢ 1.06 + 0.043¢ 78.44 +0.132¢ 0.64 + 0.001° 5.52 +0.002¢
B 134 +0.001° 246 £0.012° 1.12 £ 0.054° 83.61 +0.213° 0.68 = 0.005° 5.13 +0.001¢
C 1.34 +0.003° 2.73 +0.032° 1.39 +0.023° 103.98 + 0.432° 0.79 + 0.009° 4.06 + 0.005°
D 1.33 +0.005° 2.98 +0.017° 1.65 +0.053° 123.47 £ 0.332° 0.81 + 0.006 3.32 +0.0048
E 1.33 +0.003° 2.24 +0.053° 0.91 +0.033f 67.77 + 0.543f 0.58 +0.002° 6.36 = 0.006°
F 1.34 +0.002° 2.20 +0.042° 0.86 +0.013¢ 64.46 + 0.3242 0.55+0.031° 6.19 = 0.005°

Data are expressed as mean += SEM (n = 3). Different letters within the columns indicate significant differences between groups (P < 0.05)

A = 0.5 mg Co/kg diet, B = 1 mg Co/kg diet, C = 1.5 mg Co/kg Co, D = 2 mg/kg Co, E = 2.5 mg/kg Co, F = 3 mg/kg Co

Expression levels of MyoD, myogenin and Hsp-70

Availability of cDNA sequences for 7. putitora MyoD,
myogenin and Hsp-70 allowed us to design primers to
determine the mRNA levels of the three genes by quan-
titative RT-PCR (RT-qPCR) in fish fed basal/control diet
(devoid of Co supplementation) and diets supplemented
with 2 and 3 mg /kg Co. Feeding dietary Co resulted in
significant changes of mRNA levels for muscle MyoD
and myogenin as well as hepatic Hsp-70 in 7. putitora.
In the muscle, the highest mRNA level for both MyoD
and myogenin was found in fish fed 2 mg/kg dietary Co,
while feeding 3 mg/kg dietary Co resulted in the lowest
expression levels for both proteins, even when com-
pared with control fish (Fig. 2a,b). Albeit MyoD and
myogenin behaved similarly, the expression of
myogenin showed better correspondence with weight
gain and growth rate. In contrast to MyoD and

Table 5 Effect of different levels of dietary Co chloride on muscle
proximate composition of 7. putitora

Diet groups  Protein (%) Fats (%) Ash (%)

Control 1631+£0.042°  1.53+0237  1.56+0.035
A 1690 +0.023%  1.61+045  1.63+0.052¢
B 18.14+0.032°  1.63+0.021°  1.65+0.075°
C 18.98 £0.043°  1.82+0.065¢ 1.71 +0.034¢
D 20.02 +£0.023*  2.13+0.032°  2.06 % 0.065°
E 17.01 £0.067° 2.48+0.012° 2.26+0.043"
F 15.09 +0.054°  3.14+0.054*  2.75+0.032°

Data are expressed as mean = SEM (n = 9). Different letters within
the columns indicate significant differences (P < 0.05)

A = 0.5 mg/kg Co, B =1 mg/kg Co, C = 1.5 mg/kg Co, D =2
mg/kg Co, E = 2.5 mg/kg Co, F = 3 mg/kg Co
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myogenin expression in the muscle, the highest Hsp-
70 mRNA levels in the liver were observed in fish fed
3 mg Co/kg diet (Fig. 2c¢).

Discussion

The results of the present study demonstrate beneficial
effects of dietary Co supplementation on growth perfor-
mance, body composition, muscle content of manga-
nese and iron as well as expression of growth-regulating
genes in 1. putitora. Similarly to our results, many
investigators observed beneficial effects of dietary Co
supplement on growth, survival, protein synthesis, glu-
cose metabolism, insulin effectiveness in utilizing glu-
cose, and efficiency of protein in fish species such as
rainbow trout (Blust 2011), Labeo rohita (Adhikari and
Ayyappan 2002) and common carp (Satoh 1991).

In the present study, we observed a positive correla-
tion between weight gain (%) and dietary Co supple-
mentation ranging from 0 to 2 mg/kg. The highest
percentage of weight gain was observed in fish fed 2
mg/kg dietary Co, while higher levels of Co supplemen-
tation had negative impact on weight gain. Diets sup-
plemented with 2.5 mg/kg (group E) and 3 mg/kg
(group F) dietary Co reduced fish weight compared to
the control by 8% and 11.3%, respectively. According to
our results, 2 mg/kg is the optimum level of dietary Co
supplementation for early rearing of 7. putitora. This
level is somewhat higher than the 1 mg/kg diet, which
was reported for gaining 40% increase in survival rates
of C. carpio hatchlings (Mukherjee and Kaviraj 2009),
and 0.05 mg/kg dietary Co as reported for channel
catfish (Wilson 1991), while lower than the 2.5 and 5
mg/kg diet which are known to improve growth
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Table 6 Effect of different levels of dietary Co chloride on metal accumulation in 7. putitora muscle

Diet groups Metal concentrations (pg/g of sample tissue)

Iron Manganese Cobalt

Control 0.0303 +0.0015% 0.00422 + 0.0054* 0.01075 + 0.0021¢
A 0.0281 £ 0.0023° 0.00442 £ 0.0044* 0.01082 £ 0.0043°
B 0.0250 £ 0.0045°¢ 0.00415 +0.0032% 0.01115 £0.0012¢
C 0.0211 + 0.0023¢ 0.0038 + 0.0056° 0.01135 +0.0065°¢
D 0.0163 £ 0.0034° 0.0034 +0.00432° 0.01214 + 0.0054°
E 0.0133 £ 0.00141 0.003451 + 0.002° 0.01221 +0.0062°
F 0.0096 + 0.0052¢ 0.00310 + 0.002¢ 0.01260 =+ 0.0042%

Data are expressed as mean = SEM (n = 3). Different letters within the columns indicate significant differences (P < 0.05)
A = 0.5 mg/kg Co, B =1 mg/kg Co, C = 1.5 mg/kg Co, D =2 mg/kg Co, E = 2.5 mg/kg Co, F =3 mg/kg Co

performance of sea bass (Lates calcarifer) and catfish
(Clarias batrachus), respectively (Sapkale and Singh
2011). Reports indicating different optimum levels of
Co supplement may reflect variations in metabolic and
functional demand of micronutrients, which depend on
species, age, size, sex, feed, feeding practices and farm-
ing conditions (Biesalski Hans and Jana 2018). The
improved growth performance observed in the present
study in response to dietary Co supplementation may
result from the well-known involvement of Co in nitro-
gen assimilation, hemoglobin synthesis, manufacturing
of muscular protein as well as in fish metabolism and
biochemical processes (Silvers and Scott 2002).

Dietary Co supplements above optimum level (2
mg/kg diet) showed negative effects on the growth
performance of T. putitora. Like our results,
Mukherjee and Kaviraj (2011) also reported a decrease
in the weight gain of catfish, Heteropneustes fossilis
(Bloch), with dietary Co supplementation above 0.1%.
According to Chanda et al. (2015), high dietary cobalt
levels over 5 g/kg are toxic to rainbow trout. This might
be due to toxicity resulting from increased dietary Co
levels, leading to inhibition of key enzymes and bio-
chemical pathways by displacing cations of metal-
activated enzymes in their ion centers, and oxidative
damage to DNA, lipids and protein structure due to the
generation of reactive oxygen species (ROS). In fact, Co
ions are considered cytotoxic at high concentrations
(Simonsen et al. 2012), which may induce necrosis
and inflammation (Abudayyak et al. 2017).

Exogenous factors such as environment and feed
composition affect the proximate composition of cul-
tured fish (Alemu et al. 2013). Dietary feed ingredients

play significant roles in fish body composition. Body
composition assessment allows us to study the efficien-
cy of nutrient transfer from feed to fish (Whitney and
Rolfes 1993). Fish is considered as a rich source of
important minerals, vitamins and essential amino acids
and fatty acids. The protein content of fish has a marked
biological significance due to the presence of essential
amino acids. Our findings indicate that dietary Co up to
2 mg/kg increased protein content in the muscle as
compared to the control fish. Since dietary Co facilitates
amino acid incorporation into fish, therefore, it can
promote a protein sparing effect by improving glucose
tolerance and reducing gluconeogenesis (Kawakami
et al. 2012; Ghica et al. 2013). Consistent with our
results, Tonye and Sikoki (2014) reported increased
crude protein content in juvenile tilapia (Oreochromis
niloticus), while a similar effect was observed in
C. carpio fed dietary supplement of Co (Mukherjee
and Kaviraj 2009). In contrast to protein content, crude
fat in our experimental trial positively correlated with
dietary Co concentration, even at levels above 2.5
mg/kg. Likewise with T putitora, dietary Co chloride
also increased crude fat content in C. carpio (Mukherjee
and Kaviraj 2009). This might be due to the involve-
ment of Co in lipid metabolism by decreasing circulat-
ing levels of LDL cholesterol and triglycerides and
increasing HDL cholesterol (Kawakami et al. 2012).
Fish is also a source of essential minerals to con-
sumers (Steffens 2006). However, inclusion of metals in
aquafeeds needs to be cautiously screened to certify that
the metal is not accumulated at levels that may elicit
toxicological effects. We found no reports that ad-
dressed the standardization of recommended dietary
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Fig. 1 Correlation between muscle accumulations of metals with
graded level of dietary cobalt. Linear regression analysis for mus-
cle accumulation of Mn (a), Fe (b) and Co (¢) is shown. Each point
represents the mean metal concentration in the muscle of three
fishes

allowance (RDA) of Co for fish. Indeed, micronutrient
deficiency may result in increased accumulation of
heavy metals from the environment (Golovanova
2008). In fish, the kidney, liver, gill, and gut are the
main tissues where heavy metals are accumulated
(Farkas et al. 2003; Ambreen et al. 2015). However,
accumulation of dietary Co and its distribution in
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Fig.2 MyoD, myogenin and Hsp-70 mRNA levels in the muscle
and liver of 7. putitora. Analysis of MyoD (a), myogenin (b) and
Hsp-70 (¢) mRNA levels relative to 3-actin was performed by RT-
gPCR in muscle and liver samples of 7. putitora fed for 90 days
with a diet supplemented with Co (2 mg/kg and 3 mg/kg) or
without dietary Co (control). The values are expressed as mean
+ SEM (n = 4). Statistical significance related to the con-
trol (without dietary Co supplementation) is indicated with
different letters (P < 0.05)

different tissues of fish are not precisely known. In our
feeding trials, Co accumulation in the muscle positively
correlated with dietary levels (R* = 0.952). Our findings
are consistent with previous observations in other fish
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species (Yildiz 2008). Although Co is an essential min-
eral that participates in biochemical processes, a high
concentration may disrupt many enzymatic functions,
causing toxicity (Javed 2013; Rai et al. 2015). In our
experimental trial, iron accumulation shows a negative
linear relationship with respect to increasing dietary Co
supplementation. Most of the metals are competitively
taken up in the intestinal tract of fish (Norwood et al.
2003). However, some intercellular transport systems
are specific to one metal only, yet some are less selec-
tive, such as divalent metal transporter DMT1. Co is
most commonly absorbed across the tissues through
voltage-gated calcium channels and ligand-sensitive
channels (Simonsen et al. 2012). Therefore, decreased
levels of iron and manganese in the muscle resulting
from increased dietary Co might be related to decreased
absorption due to concentration-dependent interactive
effects between metals (Kwong and Niyogi 2009).

For validating the results at the molecular level, the
expression of growth and stress response genes through
RT-qPCR was determined. Due to the unavailability of
sequence information for 7. putitora MyoD, myogenin
and Hsp-70 messengers, genes of interest were first
cloned and then sequenced. Isolation of cDNA frag-
ments for these genes allowed us to assess changes in
the expression levels of MyoD, myogenin and Hsp-70.
T. putitora belongs to Cyprinidae, and as expected,
alignment of the inferred peptide sequences of MyoD,
myogenin and Hsp-70 with other cyprinids such as
D. rerio, C. carpio and C. idella gave higher identities.
Higher identity of amino acid sequences of 7. putitora
MyoD and Hsp-70 as compared to phylogenetically
distant fish species and even with mammals suggest a
high degree of structural conservation and conceivably
functionality of MyoD and Hsp-70 during vertebrate
evolution.

In contrast to MyoD and Hsp-70, T. putitora
myogenin amino acid sequence displayed higher iden-
tity with species belonging to the same order
(Cypriniformes), while the identity was markedly lower
when comparing Cypriniformes to fish species belong-
ing to Salmoniformes and Pleuronectiphormes as well
as to mammals. Our findings argue for less conserved
evolution of myogenin orthologues in vertebrates or
specific evolution of myogenin in Cypriniformes.

MyoD and myogenin mRNA expression in the mus-
cle of fish fed different dietary Co levels provided
further insight about involvement of this mineral in the
growth of 7. putitora. The mRNA levels of MyoD and

myogenin in the muscle showed a positive correlation
with weight gain up to 2 mg/kg dietary level of Co.
Cobalt chloride is a bioactive compound which induces
the expression of a series of hypoxia response genes
such as hypoxia-inducible factor (HIFx) by acting as a
hypoxia-mimicking agent (Ji et al. 2012). HIF« is lo-
calized in the nucleus and cytoplasm of myotubes and
myoblasts. Its increased expression in response to Co
stimulates the myogenic differentiation and expression
of myogenin and MyoD proteins (Wagatsuma et al.
2011). Co supplement-dependent increase in weight
gain in our study might be due to the stimulation of
myogenic regulating factors (MRFs) such as myogenic
factor 5 (MyF5), MyoD, MRF4 and myogenin as well
as increased skeletal muscle fiber formation
(myogenesis) (Rescan 2001). These MRFs are highly
conserved helix-loop-helix proteins in fish, and in-
creased MyoD expression has a major role in regulating
myogenesis and specification of newly formed skeletal
muscles. MyoD is basically involved in the proliferation
and activation of satellite cells towards the myogenic
pathway while myogenin controls cell differentiation
and myoblast fusions to form new myofibers.
Additionally, Co is involved in the expression of several
glycolytic enzymes and glucose transporters which en-
able anaerobic energy metabolism for regenerating
myofibers (Wagatsuma et al. 2011). Since newly formed
myofibers possess less capillary development to provide
oxygen enough to regenerate skeletal muscle fibers,
activation of glycolytic enzymes in response to Co
may help newly formed myofibers.

Fish have well-developed networks of stress re-
sponses for adapting to environmental changes at the
cellular level(Barton 2002). Such stress responses in-
clude the transcription of several stress proteins such as
heat shock protein (Hsp) family members (Kregel
2002). Transcription of Hsp genes in response to differ-
ent xenobiotics is considered a useful biomarker to
assess the effect of metals in fish. We found a significant
upregulation of Hsp-70 in the liver of 7. putitora fed 3
mg/kg dietary Co compared to the control fish or fish
fed with lower levels of dietary Co. This finding con-
firms the toxicity of Co when its level exceeded the
optimum level. The liver plays a central role in metab-
olism, and it can be greatly affected by metal absorption
in the gut (Soetan et al. 2010). Overexpression of Hsp-
70 in response to higher dietary Co levels may indicate
the stimulation of a cytoprotective mechanism, i.e. re-
pair of metal-induced damaged proteins or bringing
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them back to their normal conformation (Sener et al.
2003). Given that fish under stress conditions reduce
feed intake (Lupatsch et al. 2010), retarded growth at
higher dietary levels of Co could be the result of inad-
equate availability of nutrients required for proper
growth performance (Yengkokpam et al. 2008).

In conclusion, our study revealed that 2 mg/kg of
dietary Co supplementation is the optimum level where
T. putitora showed improved growth performance by a
mechanism involving increased protein content and en-
hanced expression of genes involved in muscle growth
and differentiation. In contrast, higher levels of dietary
Co increased the expression of the stress response gene
Hsp-70 and had negative effects on growth.

Acknowledgements The work was supported by the Higher
Education Commission of Pakistan under the International Re-
search Support Initiative Program (IRSIP).

Compliance with ethical standards

Conflict of interest The authors declare that they have no con-
flict of interest.

References

Abudayyak M, Altincekic Gurkaynak T, Ozhan G (2017) In vitro
toxicological assessment of cobalt ferrite nanoparticles in
several mammalian cell types. Biol Trace Elem Res 175:
458-465

Adhikari S, Ayyappan S (2002) Fertilization of freshwater fish
ponds with cobalt and its adsorption and desorption in the
pond sediment. Isr J Aquac 54:110-115

Alemu LA, Melese AY, Gulelat DH (2013) Effect of endogenous
factors on proximate composition of nile tilapia
(Oreochromis niloticus L.) fillet from Lake Zeway. Am J
Res Commun 1:405-410

Ambreen F, Javed M, Batool U (2015) Tissue specific heavy
metals uptake in economically important fish, Cyprinus
carpio at acute exposure of metals mixtures. Pak J Zool 47:
399407

Amir, Zuberi A, Imran M, Ullah S (2018) Evaluation of yeast and
bacterial based probiotics for early rearing of Labeo rohita
(Hamilton, 1822). Aquac Res 49:3856-3863

AOAC (2000) Official methods of analysis. Association of
Official Analytical Chemists. Washington, DC

Barton BA (2002) Stress in fishes: a diversity of responses with
particular reference to changes in circulating corticosteroids.
Integr Comp Biol 42:517-525

Beveridge MCM, Thilsted SH, Phillips MJ, Metian M, Troell M,
Hall SJ (2013) Meeting the food and nutrition needs of the

@ Springer

poor: the role of fish and the opportunities and challenges
emerging from the rise of aquaculture. J Fish Biol 83:1067—
1084

Bhatt JP, Pandit MK (2016) Endangered golden mahseer Tor
putitora Hamilton: a review of natural history. Rev Fish
Biol Fish 26:25-38

Biesalski Hans K, Jana T (2018) Micronutrients in the life cycle:
requirements and sufficient supply. NFS J 11:1-11

Blust R (2011) Cobalt. In: Wood CM, Farrel AP, Brauner CJ (eds)
Fish physiology, Homeostasis and toxicology of essential
metals, vol 31A. Elsevier, Amsterdam, pp 291-326

Chanda S, Paul BN, Ghosh K, Giri SS (2015) Dietary essentiality
of trace minerals in aquaculture—a review. Agric Rev 36:
100-112.

Farkas A, Salanki J, Specziar A (2003) Age- and size-specific
patterns of heavy metals in the organs of freshwater fish
Abramis brama L. populating a low-contaminated site.
Water Res 37:959-964

Ghica ME, Carvalho RC, Amine A, Brett CMA (2013) Glucose
oxidase enzyme inhibition sensors for heavy metals at carbon
film electrodes modified with cobalt or copper
hexacyanoferrate. Sensors Actuators B Chem 178:270-278

Golovanova I (2008) Effects of heavy metals on the physiological
and biochemical status of fishes and aquatic invertebrates.
Inland Water Biol 1:93-101

Javed M (2013) Chronic effects of nickel and cobalt on fish
growth. Int J Agric Biol 15:575-579

JiQ, Yang L, Zhou J et al (2012) Protective effects of paconiflorin
against cobalt chloride-induced apoptosis of endothelial cells
via HIF-1« pathway. Toxicol in Vitro 26:455-461

Karadede-Akin H, Unlii E (2007) Heavy metal concentrations in
water, sediment, fish and some benthic organisms from Tigris
River, Turkey. Environ Monit Assess 131:323-337

Kawakami T, Hanao N, Nishiyama K et al (2012) Differential
effects of cobalt and mercury on lipid metabolism in the
white adipose tissue of high-fat diet-induced obesity mice.
Toxicol Appl Pharmacol 258:32-42

Kréutler B (2005) Vitamin B12: chemistry and biochemistry.
Biochem Soc Trans 33:806-810

Kregel KC (2002) Heat shock proteins: modifying factors in
physiological stress responses and acquired thermotolerance.
J Appl Physiol 92:2177-2186

Kwong RWM, Niyogi S (2009) The interactions of iron with other
divalent metals in the intestinal tract of a freshwater teleost,
rainbow trout (Oncorhynchus mykiss). Comp Biochem
Physiol Part C Toxicol Pharmacol 150:442-449

Lall SP (2002) The minerals. In: Halver JE, Hardy RW (eds) Fish
nutrition, 3rd edn. Academic Press, San Diego, CA, pp 259—
308

Lupatsch I, Santos GA, Schrama JW, Verreth JAJ (2010) Effect of
stocking density and feeding level on energy expenditure and
stress responsiveness in European sea bass Dicentrarchus
labrax. Aquaculture 298:245-250

Malomo GA, Thegwuagu NE (2017) Some aspects of animal feed
sampling and analysis. In: Stauffer MT (ed) Ideas and appli-
cations toward sample preparation for food and beverage
analysis. IntechOpen, London, pp 77-93

McDowell LR (1989) Vitamins in animal nutrition: comparative
aspects to human nutrition. Academic Press, San Diego, CA

Moll R, Davis B (2017) Iron, vitamin B, and folate. Medicine
(Baltimore) 45:198-203



Fish Physiol Biochem (2020) 46:371-381

381

Mukherjee S, Kaviraj A (2009) Evaluation of growth and bioac-
cumulation of cobalt in different tissues of common carp,
Cyprinus carpio (Actinopterygii: Cypriniformes:
Cyprinidae), fed cobalt-supplemented diets. Acta Ichthyol
Piscat 39:87-93

Mukherjee S, Kaviraj A (2011) Bioaccumulation of cobalt, diges-
tive enzyme activities, and growth of freshwater catfish,
Heteropneustes fossilis (Bloch), fed cobalt-supplemented di-
ets. Toxicol Environ Chem 93:575-584

Munir MB, Hashim R, Chai YH et al (2016) Dietary prebiotics
and probiotics influence growth performance, nutrient digest-
ibility and the expression of immune regulatory genes in
snakehead (Channa striata) fingerlings. Aquaculture 460:
59-68

Norwood WP, Borgmann U, Dixon DG, Wallace A (2003) Effects
of metal mixtures on aquatic biota: a review of observations
and methods. Hum Ecol Risk Assess An Int J 9:795-811

Oliva-Teles A (2012) Nutrition and health of aquaculture fish. J
Fish Dis 35:83-108

Perrault JR, Buchweitz JP, Lehner AF (2014) Essential, trace and
toxic element concentrations in the liver of the world’s largest
bony fish, the ocean sunfish (Mola mola). Mar Pollut Bull 79:
348-353

Pfaffl MW (2001) A new mathematical model for relative quan-
tification in real-time RT-PCR. Nucleic Acids Res 29:e45

Rahal A, Shivay YS (2016) Micronutrient deficiencies in humans
and animals: strategies for their improvement.
Biofortification Food Crop. Springer India, New Delhi, pp
217-228

Rai A, Ullah A, Haider J (2015) Determination of acute toxicity of
copper and cobalt for Tilapia nilotica. J Bioresour Manag 2:
16-25

Rescan PY (2001) Regulation and functions of myogenic regula-
tory factors in lower vertebrates. Comp Biochem Physiol Part
B Biochem Mol Biol 130:1-12

Robbins CT (1993) Wildlife feeding and nutrition. Academic
Press, San Diego, CA

Sapkale P, Singh R (2011) Dietary zinc and cobalt requirements of
fry of seabass (Lates calcarifer) and catfish (Clarias
batrachus). Isr J Aquac 63:613

Satoh S (1991) Common carp, Cyprinus carpio. In: Wilson RP
(ed) Handbook of nutrient requirements in finfish. CRC
Press, Boca Raton, FL, pp 55-68

Sener G, Sehirli AO, Ayanoglu-Dulger G (2003) Melatonin pro-
tects against mercury(Il)-induced oxidative tissue damage in
rats. Pharmacol Toxicol 93:290-296

Siddiqui K, Bawazeer N, Scaria Joy S (2014) Variation in macro
and trace elements in progression of type 2 diabetes. Sci
World J 2014:1-9

Sievers F, Wilm A, Dineen D et al (2011) Fast, scalable generation
of high-quality protein multiple sequence alignments using
Clustal Omega. Mol Syst Biol 7:539

Silvers KM, Scott KM (2002) Fish consumption and self-reported
physical and mental health status. Public Health Nutr 5:427—
431

Simonsen LO, Harbak H, Bennekou P (2012) Cobalt metabolism
and toxicology—a brief update. Sci Total Environ 432:210—
215

Soetan KO, Olaiya CO, Oyewole OE (2010) The importance of
mineral elements for humans, domestic animals and plants—
areview. Afr J Food Sci 4:200-222

Speich M, Pineau A, Ballereau F (2001) Minerals, trace elements
and related biological variables in athletes and during phys-
ical activity. Clin Chim Acta 312:1-11

Steffens W (2006) Freshwater fish—wholesome foodstuffs. Bulg
J Agric Sci 12:320-328

Swanner ED, Planavsky NJ, Lalonde SV et al (2014) Cobalt and
marine redox evolution. Earth Planet Sci Lett 390:253-263

Takahashi-Ifliguez T, Garcia-Hernandez E, Arreguin-Espinosa R,
Flores ME (2012) Role of vitamin B, on methylmalonyl-
CoA mutase activity. J Zhejiang Univ Sci B 13:423-437

Terech-Majewska E, Pajdak J, Siwicki AK (2016) Water as a
source of macronutrients and micronutrients for fish, with
special emphasis on the nutritional requirements of two fish
species: the common carp (Cyprinus carpio) and the rainbow
trout (Oncorhynchus mykiss). J Elem 21:947-961

Tonye IA, Sikoki FD (2014) Growth performance and proximate
composition of Oreochromis niloticus (Trewavas) fed cobalt
chloride incorporated diet. J Biol Agric Healthc 4:106—125

Wagatsuma A, Kotake N, Yamada S (2011) Spatial and temporal
expression of hypoxia-inducible factor-1x during
myogenesis in vivo and in vitro. Mol Cell Biochem 347:
145-155

Whitney EN, Rolfes SR (1993) Understanding nutrition. West
Publishing Company, St. Paul, MN

Wilson RP (1991) Handbook of nutrient requirements of finfish.
CRC Press, Boca Raton, FL

Yengkokpam S, Pal AK, Sahu NP et al (2008) Metabolic modu-
lation in Labeo rohita fingerlings during starvation: Hsp70
expression and oxygen consumption. Aquaculture 285:234—
237

Yildiz M (2008) Mineral composition in fillets of sea bass
(Dicentrarchus labrax) and sea bream (Sparus aurata): a
comparison of cultured and wild fish. J Appl Ichthyol 24:
589-594

Zhou Y, Yuan X, Liang X-F et al (2013) Enhancement of growth
and intestinal flora in grass carp: the effect of exogenous
cellulase. Aquaculture 416417:1-7

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

@ Springer



2018

LOCUS Seql 421 bp mRNA linear VRT 27-JUN-
DEFINITION Tor putitora myoblast determination protein 1 homolog (myod) mRNA,
Partial cds.
ACCESSION  Seql
VERSION
KEYWORDS -
SOURCE Tor putitora (golden mahseer)
ORGANISM Tor putitora
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Actinopterygii; Neopterygii; Teleostei; Ostariophysi;
Cypriniformes; Cyprinidae; Tor.
REFERENCE 1 (bases 1 to 421)
AUTHORS Younus,N., Zuberi,A. and Meton,l.
TITLE Biological and toxicological effects of dietary organic and
inorganic forms of cobalt on Mahseer (Tor putitora)
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 421)
AUTHORS  Younus,N., Zuberi,A. and Meton,I.
TITLE Direct Submission
JOURNAL Submitted (27-JUN-2018) Bioquimica i Fisiologia, Universitat de
Barcelona, Joan XX11l1, 27, Barcelona 08028, Spain
COMMENT Bankit Comment: TOTAL # OF SEQS:3.
##Assembly-Data-START##
Sequencing Technology :: Sanger dideoxy sequencing
#tAssembly-Data-END##
FEATURES Location/Qualifiers
source 1..421
/organism="Tor putitora”
/mol_type=""mRNA"
/db_xref="taxon:210638"
/country="Pakistan"
gene <1l..>421
/gene=""myod"
CDS <1..>421
/gene=""myod"

/codon_start=1
/product="Myoblast determination protein 1 homolog"

/translation="NTNDMHFFEDLDPRLVHVSLLKPDEHHH I EDEHVRAPSGHHQAG

RCLLWACKACKRKTTNADRRKAATMRERRRLSKVNDAFETLKRCTSTNPNQRLPKVEI
LRNAISYIESLQALLRSQEENYYPVLEHYSGDSDASSP™

BASE COUNT

ORIGIN
1
61
121
181
241
301
361
421

//

120 a

aacacaaacg
ctcaagcccg
catcaggccg
gctgaccgcc
gctttcgaga
gagattctga
gaggaaaact
a

125 ¢

atatgcactt
acgagcatca
gcaggtgcct
gcaaagccgc
ccctcaagag
gaaacgccat
actaccctgt

110 g

ctttgaagac
ccacatcgag
gctgtgggea
caccatgagg
atgcacgtcc
tagttacatt
tctggaacat

66 t

ctggacccca
gacgagcacg
tgcaaagcct
gagaggagaa
accaacccca
gagtctctgc
tacagtggag

ggctcgtcca
taagggcgcc
gcaagagaaa
gactgagcaa
accagaggct
aggcgctgcet
actccgatgc

cgtgagtctg
cagcgggcat
aactaccaac
agtcaacgac
gcccaaagtg
taggagtcaa
ctccagcccg



LOCUS Seq2 615 bp mRNA linear VRT 27-JUN-
2018
DEFINITION Tor putitora myogenin (myog) mRNA, partial cds.
ACCESSION  Seq2
VERSION
KEYWORDS .
SOURCE Tor putitora (golden mahseer)
ORGANISM Tor putitora
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Actinopterygii; Neopterygii; Teleostei; Ostariophysi;
Cypriniformes; Cyprinidae; Tor.
REFERENCE 1 (bases 1 to 615)
AUTHORS  Younus,N., Zuberi,A. and Meton,I.
TITLE Biological and toxicological effects of dietary organic and
inorganic forms of cobalt on Mahseer (Tor putitora)
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 615)
AUTHORS Younus,N., Zuberi,A. and Meton,l.
TITLE Direct Submission
JOURNAL Submitted (27-JUN-2018) Bioquimica i Fisiologia, Universitat de
Barcelona, Joan XXIIl, 27, Barcelona 08028, Spain
COMMENT Bankit Comment: TOTAL # OF SEQS:3.
##Assembly-Data-START##
Sequencing Technology :: Sanger dideoxy sequencing
##Assembly-Data-END##
FEATURES Location/Qualifiers
source 1..615
/organism="Tor putitora"
/mol_type=""mRNA"
/db_xref="taxon:210638"
/country="Pakistan"
gene <1..>615
/gene=""myog"’
CDS <1..>615
/gene=""myog"’

/codon_start=3
/product="Myogenin"

/translation="DNFFQSRLTGGFDQAGYQDRSSMVGLCGDGRLLSNGVGMEDKPS
PSSSLGLSMSPHQEQQHCPGQCLPWACKVCKRKSVTMDRRKAATLREKRRLKKVNEAF

EALKRSTLMNPNQRLPKVEILRSAIQY IERLQALVSSLNQQEHEQGNMHYRAAAPQGM
SSSSDQGSGSTCCSSPEWSSTSEHCAPAYSSTHEDLLNDDSTEQ™
BASE COUNT 171 c 184 ¢ 112 t

ORIGIN

148 a

1 gcgataactt
61 gaagctccat
121 aggacaaacc
181 agcactgtcc
241 caatggatcg
301 aggcctttga
361 tggagatcct

cttccagtca

ggtgggctty
gtctccatct
gggtcagtgt
acggaaagcc
ggctcttaag
gcgcagegcec

aggctgaccg
tgtggcgacg
tctagcctcg
ctgccctggg
gccactttga
aggagcacgc
atccagtaca

gaggcttcga
gaaggctgct
gtctgtccat
cctgcaaggt
gggagaagag
tcatgaatcc
tcgagagact

ccaagcagga
gtcaaacgga
gtctcctcac
gtgtaagcgc
gaggctgaag
caaccagagg
ccaggcgctg

tatcaggacc
gtggggatgg
caggagcagc
aagtcggtga
aaagtcaacg
ctgcctaagg
gtcagctctc
421

481
541
601

tcaaccagca
tgtcgtcctc
gtacgtctga
actccacaga

ggaacatgag
tagcgatcag
gcactgtgcc
gcaaa

cagggaaaca
ggctctggca
cccgectaca

tgcattacag
gcacctgctg
gctccaccca

agccgeggcet
tagcagtcca
tgaggatctc

cctcaaggga

gagtggagca
ctgaatgacg



//
LOCUS Seq3 353 bp mRNA linear VRT 27-JUN-
2018
DEFINITION Tor putitora heat shock protein 70 KDa (hsp70) mRNA, partial cds.
ACCESSION  Seq3
VERSION
KEYWORDS -
SOURCE Tor putitora (golden mahseer)
ORGANISM Tor putitora
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Actinopterygii; Neopterygii; Teleostei; Ostariophysi;
Cypriniformes; Cyprinidae; Tor.
REFERENCE 1 (bases 1 to 353)
AUTHORS Younus,N., Zuberi,A. and Meton,l.
TITLE Biological and toxicological effects of dietary organic and
inorganic forms of cobalt on Mahseer (Tor putitora)
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 353)
AUTHORS  Younus,N., Zuberi,A. and Meton,I.
TITLE Direct Submission
JOURNAL  Submitted (27-JUN-2018) Bioquimica i Fisiologia, Universitat de
Barcelona, Joan XXIIl, 27, Barcelona 08028, Spain

COMMENT Bankit Comment: TOTAL # OF SEQS:3.
#H#Assembly-Data-START##
Sequencing Technology :: Sanger dideoxy sequencing
#tAssembly-Data-END##
FEATURES Location/Qualifiers
source 1..353

/organism="Tor putitora”
/mol_type=""mRNA"
/db_xref="taxon:210638"
/country="Pakistan"

gene <1..>353
/gene=""hsp70"
CDS <1..>353

/gene=""hsp70"

/EC_number="3.6.4.10"

/codon_start=1

/product="Heat shock protein 70 kDa"

/translation="EIAEAYLGQKVTNAVVTVPAYFNDSQRQATKDAGV IAGLNVLRI

INEPTAAAITAYGLDKGKASERNVLIFDLGGGTFDVSILTIEDGIFEVKATAGDTHLGG
EDFDNRMVNHFVEEF""
BASE COUNT 93 a 82 c 96 g 82 t
ORIGIN
1 gagattgctg aagcctatct ggggcagaag gtgacaaatg cagttgtcac agttcctgcc

61 tatttcaatg actcccagag gcaagcgact aaagatgctg gagtaatcgc tggactgaat
121 gtcctgagaa tcatcaacga gcccacagct gcagctattg cctacggcct tgacaaaggc
181 aaagcttcag agcgcaacgt cctgatcttt gacctgggcg gaggcacctt tgatgtgtcc
241 atcctgacca ttgaagatgg catctttgag gtgaaggcca cagctggaga cactcatctg
301 ggtggggagg actttgacaa ccgcatggtg aatcactttg ttgaagaatt caa

//



	Dietary...
	Abstract
	Introduction
	Material and methods
	Experimental design
	Sampling and growth measurements
	Body proximate composition
	Metal bioaccumulation
	Molecular cloning of T.�putitora myoblast determination protein 1 homolog, myogenin and heat shock protein 70 KDa cDNA fragments
	Quantitative RT-PCR
	Statistics

	Results
	Growth performance
	Whole body composition
	Metal bioaccumulation
	Cloning of T.�putitora MyoD, myogenin and Hsp-70 cDNA fragments
	Expression levels of MyoD, myogenin and Hsp-70
	Discussion

	References


