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ABSTRACT

The present study aimed to evaluate the growth, survival, and physiological response
of Anabas testudineus (Climbing perch) in inland saline water of different salinity. 225,
A. testudineus fingerlings of 6.0 to 6.3 grams were equally distributed under five
different salinities (T1, O ppt; T2, 3 ppt; T3, 6 ppt, T4, 9 ppt and T5, 12ppt) in triplicates
following complete randomized design (CRD). The physicochemical parameters of
water of different treatment groups were found within the optimum range throughout
the experimental period. The parameters, viz. total alkalinity, total hardness, and
concentration of different ions found to correlate with the salinity directly. No mortality
was recorded in any of the treatments during the experimental period. Salinity up to
12 ppt, as selected for this experiment, had no significant effect on the weight of the
fishes. The growth parameters such as specific growth rate (SGR), Protein efficiency
ratio (PER), weight gain, and % weight gain were obtained highest in T2, followed by
T3, T1, T4, and T5 groups. The highest feed efficiency ratio (FER), along with the
lowest food conversion ratio (FCR) was reported in the T3 group. The proximate
composition was found to be significantly different among the various treatment groups
with the highest moisture content being recorded at T3 followed by T5, T4, T1 and T2
group, respectively. Maximum and minimum crude protein content was noted in T1
and T3, respectively, and they differed significantly (p < 0.05) from each other. Among
digestive enzymes, protease and amylase activities were significantly (p < .05) altered
with increasing salinity. A significant alteration of antioxidant enzymes (SOD and CAT)
and protein metabolism enzymes (AST) activities were significantly (p <.05) was
observed at salinity above 6 ppt. Serum osmolality of A. testudineus decreased with
an increase in the salinity of rearing medium. Iso-osmotic point of serum was
calculated to be 292 mOsm/kg and the isotonic salinity was calculated to be 9.8 ppt.
Hematological parameters (Hb, HCT, RBCs, and WBCs) were significantly (p < .05)
altered with increasing salinity. The results of the present study reveal that inland
saline water of up to 12 ppt salinity has no significant effect on growth and survival of
A. testudineus, however, salinity above 6 ppt does have a significant effect on feed
utilisation and various physiological parameters related to well being of the fish. Based
on the results of this experiment, A. testudineus can be considered as an ideal species

to promote in the inland saline region up to a salinity of 6 ppt
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1.0 Introduction

World aquaculture production grew faster as compared to other major food
production sectors, with an annual growth rate of 5.5% in 2018 and global
production is estimated at 114.5 million tonnes (FAO, 2020).In 2017, fish and
seafood accounted for 17% of all animal protein intake and this proportion has been
increasing (FAO, 2020). India stands second in the global aquaculture next to china
with a production of 5.7 million tonnes (FAO, 2020). The world is faced with the
critical challenge of feeding the growing population that is expected to reach 9.6
billion by 2050 (United Nations, 2012). Consequently, the demand for aquaculture
produce both in terms of quantity and diversity will also increase in future and is
estimated that by 2030 aquaculture will contribute about 62% of fish for direct
human consumption (Kobayashi et al., 2015). Aquaculture is world’s most diverse
farming system in terms of number of farmed species.Inspite of being the diversified
farming system, contribution of each species to overall production also called
evenness in aquaculture is highly skewed. 90 percent of global aquaculture
production is contributed by merely 30 aquatic fish species which is much lesser
than two thousand species that contribute to global capture fisheries (FAO 2020).
Similarly, significant share of Indian aquaculture production is constituted by limited
number of species such as major carps, monosex tilapia, pangasius, and Penaeus
vannamei (DADF, 2018-19). The two significant factors that play a determining role
in the success or failure of aquaculture enterprises are climate change and extreme
climate events(FAO,2017). Diversification of species and the culture system in the
new farming environment will provide poor livelihood options and would also
increase the resilience of farmers to external factors such as climatic,
socioeconomic impacts and emerging markets. Aquaculture sector must devise
ways and means for its future expansion amid increasing conflict for resources in
the freshwater and coastal areas. Utilisation of inland saline areas could be a viable

option for the future expansion of the industry.

Salinization is a major problem, and it affects over 380million ha. of land
spreading across 20 countries worldwide (Lambers, 2003). In India, nearly 8.62
million ha of the land area is affected by soil salinity out of that, 2.8 million hectares

of salt-affected lands are located within the Indo-Gangetic alluvial plain (Allan,



2009). Salinization of soil and water scarcity are the most severe constraints
confronting sustainable agriculture production systems in semi-arid and arid
regions. Its intensity has expanded in past decades due to poor management of
land and water resources, unprecedented regional as well as global climate change
and variability (Wong et al., 2010) and led to an increased pressure on freshwater
resources. Countries like Australia, China, India, Israel and USA have demonstrated
utilization of salt affected land and water resources for commercial aquaculture
(Barman et al.,2005; Partridge et al.,2008). Aquaculture in arid and semi-arid
regions has increased economic and social impact through production of food,
livelihood security and income generation (Chithambaran, 2016). Although the ionic
composition of saline groundwater generally reflects that of seawater, the
composition varies with local geology and history. This variability depends on the
depth of water aquifer, soil structure, and rainfall or drought (Raizada et al., 2015).
The ionic composition of saline groundwater of different countries such as India,
Australia and the USA differed in the levels of potassium, calcium and magnesium
in comparison to seawater (Fielder et al., 2001; Boyd and Thunjai 2003; Jain et al.,
2006). Inland saline water is usually rich in Ca*? and poor in Mg*? and K* (Jain et
al., 2002). The water hardness index (Ca+Mg): (Na+K) also varies from water to
water, for seawater its value is around 0.13, whereas in most ground groundwater

types, water hardness index ranges from 0.25 and 0.30(Aklakur, 2017).

ICAR-CIFE Rohtak centre is committed to develop suitable technology for
commercial aquaculture in the degraded inland saline areas. In this regard, a
number of fish and crustacean species such as Amur carp (Singh et al., 2019),
Pangasianodon hypophthalmus (Kumar et al., 2016), Mugil cephalus (Talukdar et
al., 2017), Chanoschanos (Raizada et al., 2005), Trachinotus blochii (Pathak et al.,
2019), GIFT Tilapia (Singh et al., 2020), Macrobrachium rosenbergii (Kumar, 2005),
Penaeus monodon (Purushothaman et al., 2014, Antony et al., 2015) Penaeus
vannamei (Jahan et al., 2018) etc. have been tested for its suitability of culture
using ground inland saline water. However, at commecrial scalethe technology for
rearing of L.vannmaei using amended inland saline water has only been adopted.L.
Vannamei farming though demonstrated to be highly profitable has the inherent
problems such asrequirement of large infastructure and heavy investment making it

difficult for the resource poor farmers to adopt the technology. Resource poor



farmers are waiting for new species which can be cultured with low investment and
infrastructure. Anabas testuidneus could be a suitable option for farmers of the

inland saline region.

Anabas testudineus commonly known as Koi or climbing perch is a tasty fish
with high consumer demand (Nahar et al, 2015). Anabas testudineus most
commonly found in open water (streams, lakes, floodplain and beels), paddy fields
and swamps and its preferred habitats are heavily-vegetated, stagnant waters.
Species can be cultured at high stocking density and has the ability to survive in
adverse environmental conditions such as low oxygen due to its air-breathing ability
(Rahman et al., 2013). This fish was abundantly available in open water system but
due to over exploitation and various ecological changes its natural population has
declined in recent times. shorter life cycle, faster growth rate, omnivorous feeding
habit, highly nutritious food value, hardy nature, and tolerance of adverse
environmental conditions makes this species a good option for aquaculture
diversification in inland areas(Bhaskar et al., 2015). Species is reported to exhibit
faster growth rate in mild saline water compared to freshwater(Widiyati et al.,2019).
Faizul and Christimus, 2013 reported that the species can tolerate salinity upto
10ppt.There are conflicting reports in the available literature with respect to the
performance of this species in saline water of different sainities. Furthemore, there
is no information avialble in published literature with respect to the growth, survival
and physiological response of this species in ionically imbalanced inland saline
water. Keeping the above mentioned aspects into consideration, the present study
wasplanned to evaluate the growth, survival, and physiological response of Anabas

testudineus in inland saline of different salinities water with the following objectives.
Objectives

» To assess the growth and survival of Anabas testudineus fry reared in inland

ground saline water at different salinities.

» To evaluate the physiological response of Anabas testudineus fry reared in

inland ground saline water at different salinity levels.



2.0 Review of Literature



2.1. Overview of aquaculture

Aquaculture is the farming of different aquatic organisms, including fish,
molluscs, crustaceans, and aquatic plants. Farming implies some forms of
intervention in the whole production process, starting from stocking to feeding,
protecting the fishes from predators and finally harvesting of thefishes (Tacon,
2003). Aquaculture production mainly signifies the output, which is produced at
the end of the rearing period in terms of weight of the fishes for consumption or
other purposes (Tacon, 2003). World aquaculture production grew faster as
compared to other major food production sectors, with an annual growth rate of
5.5% in 2018 and global production is estimated at 114.5 million tonnes (FAO,
2020).The global aquaculture production is dominated by finfish and provides
almost 54.3 million tonnes out of 114.5 million tonnes(FAO, 2020). India stands
second in the global aquaculture production next to china with a production of 5.7
million tonnes (FAO, 2020).However, in the face of rapidly increasing population
and changing food habits, aquaculture is expected to play a critical role in
supplying the much-needed protein requirement. The world is faced with the
critical challenge of feeding the growing population that is expected to reach 9.6
billion by 2050 (United Nations, 2012).This increase in population would warrant
60% additional foods (FAO, 2013). The demand for aquaculture produce both in
terms of quantity and diversity will also increase in future and is estimated that by
2030 aquaculture will contribute about 62% of fish for direct human consumption
(Kobayashi et al., 2015). Per capita fish consumption has increased globally from
9kg in 1961 to 20.5kg in 2018(FAO, 2020).Globally, nearly 2000 species are
farmed in different countries, of which 30 species contributes about 90% in the
global aquaculture(FAO 2020).Similarly, in India, majorcarps, monosex tilapia,
pangasius as well as Penaeus vannamei largely shares the major portion in
Indian aquaculture(DADF, 2018-19).The issue of feeding the projected
population rise becomes even more challenging in the light of dwindling resource
base due to urbanization, degradation of land and water resources and climate
change. Consequently, research on species better adapted to poor
environmental conditions and having a greater ability to tolerate various
aquaculture related stressors becomes imperative. Apart from this focus has also

to be there on diversification of the culture system and species cultured therein.



Diversification of the species and culture system allows the poor farmers'
livelihood option and also opens new market opportunities for the future.
Recently, the Ministry of Fisheries, Animal Husbandry and Dairying, Department
of Fisheries, Government of India, has launched Pradhan Mantri Matsya Sampda
Yojana (PMMSY) which underlines the development of inland saline aquaculture
as a focus area for aquaculture expansion in future (DOF, GOI 2020).
Diversification of aquaculture in the inland saline and alkaline areas, which is not
suitable for agriculture, would create employment and livelihood opportunities for
the farmers of the region.

2.2.The extent of saline and sodic soil and water resources

Soil and water salinity and associated problems in the arid and semi-arid
regions of the world constitute one of the major abiotic stressors impacting
agricultural practices (Minhas et al., 2020). Globally, about 830 million ha land
area is estimated to be afflicted by salinity and sodicity (FAO, 2015) and is
increasing every year (Qadir et al., 2014). Extent of soil salinisation in south east
Asia is estimated to be 103 million ha,of which 47 million ha is strongly saline and
54 million ha is ranked as moderately saline (Massoud, 1974). In India,nearly
8.62 million ha. of the land area is affected by soil salinity out of that, 2.8 million
hectares of salt-affected lands are located within the Indo-Gangetic alluvial plain
(Allan, 2009).Salinity/sodicity in Indian subcontinent is characterized by high
bicarbonates and differs from other places in the world where saline/sodic
conditions are dominated by chloride or sulphate (Grattan and Oster 2003). in the
absence of proper preventive/ameliorative steps, It is expected that the extent of
soil salinisation in India may increase to 16.2 million ha by 2050 accounting for
about 11 percent of the net sown area of the country (CSSRI, 2015). Salinization
of soil occurs mainly in two ways, such as primary Salinization and secondary
Salinization. The majority of Inland saline zones of the world are located in arid,
semi-arid, and low-lying poorly drained regions, where high concentrations of
salts accumulation occurred within the soil. This type of Salinization is known as
primary Salinization and occurs due to insufficient rainfall and poor leaching of
soluble salts. Anthropogenic activities like improper agricultural practices cause
secondary Salinization in areas with underground saline water (Meera et

al., 2019). Though from aquaculture point of view saline and sodic soils are



considered together, it is important to understand the distinction between two
classes of soil. Generally, areas with high aridity, shallow water table, water
logged areas and in the proximity to coastal regions have a prevalence of saline
groundwater. In contrast, sodic waters are prevalent in semi-arid regions with
annual rainfall of 500—700 mm. Soil salinity and sodicity differ in terms of their
impact, the former being related to salt concentration and the latter to salt
composition. The concentration of salts in the irrigation water or soil that is
sufficiently high to affect crop yields or crop quality adversely is referred to as
salinity. Sodicity, on the other hand, is related to the proportion of sodium in the
water, or adsorbed to the soil surface, relative to calcium and magnesium. In
India, saline water are defined as water having EC>2 dS m™ (Minhas 1996;
Chowdhury et al., 1996). For salinity appraisal of the soils, EC of the saturated
extract (ECe) is generally used. An ECe of 4 dS m™ separates a saline soil from
a non saline one. The sodicity of soil is characterized by the exchangeable
sodium percentage (ESP). An ESP of 15 or more separates a sodic soil from a
non-sodic soil. Sodic irrigation water has SAR higher than 10 and RSC higher
than 2.5 mmolc L™ (Minhas and Gupta 1992). Agricultural scientists have been
trying to devise ways and methods to reclaim/use the saline/sodic land and water
resources for agriculture through a number of interventions such as the use of
salt-tolerant crops and varieties, chemical amendments such as gypsum beds,
use of organic materials such as farmyard manure, fertiliser management and

engineering practices such as sub surface drainage.
2.3. Inland saline aquaculture- global and national status

Though the various reclamation/ management measures discussed above
have yielded positive results, unfortunately, the rate of land and water degradation
through salinisation far exceeds the rate of reclamation. This requires that these
land and water resources be put to alternate use. Inland saline water contains
different types of salts, which can be used as nutrients for fish production and also
offer a lucrative option for sustained utilization of inland saline resources (Sandeep
et al., 2013). Aquaculture of suitable fish and shellfish species could be a lucrative
option for utilization of these degraded land and water resources. Inland saline
aquaculture is a land-based aquaculture system and is currently practised in several

countries such as Israel, USA, India, Australia and china (Allan, 2009). Although the
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ionic composition of saline groundwater generally reflects that of seawater, the
composition varies with local geology and history. The variability of inland saline
groundwater is depending upon the depth of the water aquifer, soil structure and
rainfall (Raizada et al., 2015). In USA saline groundwater contains excess Ca*? and
SO?; but generally deficient in K* (Forsberg et al., 1996), whereas in Australia,
saline groundwater is rich in Ca*? andMg*? but a deficit in K* (Fielder et al. 2001).
Further, in Indian subcontinent ground saline water rich in Ca*? and poor in Mg*?
and K* (Jain et al., 2002). Inland ground saline water (IGSW) contains high level of
Ca*? hardness as compared to Mg*2. Moreover, Ca*? to Mg+2 ratios for IGSW is
1:1.60-1.70 is quite different as compared to seawater (1:3.0-3.5) (Lakra et al.,
2014). The water hardness index (Ca+Mg): (Na+K) also varies from water to water
like in case of normal seawater is around 0.13, whereas in most of the IGSW
samples, water hardness index ranges from 0.25 and 0.30(Aklakur, 2017).An
opportunity exists for manipulating the ionic composition of the ground inland saline
water by supplementing deficient ions such as K* and Mg?*. Potassium deficiency
can be overcome by supplying potassium though murate of potash (KCl) and for
overcoming Magnesium deficiency MgCl. may be used (Roy et al., 2010). Another
product, sulphate of potash magnesia (K2S04.2MgS0O4) has also been used for
supplementing the deficient ions (Boyd, 2003). However, caution must be exercised
while supplementing the deficient ions as the requirement for the specific ions and

the ionic ratios to be maintained may vary from species to species.

A variety of aquatic crustacean and finfish species have been reared in
inland saline water around the world. Countries including Australia, China, India,
Israel and the USA have a demonstrated utilization of their affected land and water
resources for commercial mariculture (Ron et al.,2002; McNevin et al.,2004; Zhu et
al., 2004; Partridge et al.,2004). The western king prawn, Penaeus latisulcatus(
Melicertus) had been identified as one of the candidate species for culture in inland
saline water in Western Australia (Partridge et al., 2004). P. monodon is an
euryhaline species which can tolerate salinities ranging from 3 ppt (Zhang et
al.,1989) to 71 ppt (Solis, 1988). Inland culture of penaeid shrimp in low-salinity well
water is a growing business in many areas of the world, including southern regions
of the USA (Roy et al., 2010). L. vannamei is the most commonly cultured shrimp in

the western hemisphere and has been grown in inland saline waters ranging in



salinity from 0.5 ppt to 28.3ppt (Smith and Lawrence,1990,Samocha et al.,2001). L.
vannamei, are presently being grown in low-salinity inland waters experimentally
and commercially in Alabama, Arizona, Florida, Indiana, lllinois and Texas and in
other parts of the world (Davis et al., 2002, Samocha et al.,2002, Tantulo et al.,
2006). Marine shrimps are also being commercially produced in low salinity waters
in other regions of the world such as Ecuador and Thailand. Recent estimates
suggest that more than 30% of shrimp culture in Thailand is in inland low-salinity
water. Marine shrimp are cultured in inland ponds supplied with saline water in
several nations including the United States (Smith and Lawrence, 1990; Limsuwan
et al.,, 2002; Boyd et al., 2002). Some of the fish species on which scientific
information for culture in inland saline water is available include, Lates calcarifer
(Partridge et al., 2008), Dicentrarchus labrax (Ercan et al., 2015), Sparus auratus
(Applebaum et al., 2008), Argyrosomus japonicus (Doroudi et al., 2006), Rainbow
trout (Starcevich et al., 2003), Silver perch (Doroudi et al., 2007) and Snapper
(Fielder et al., 2003).

In India also a number of studies have been carried out in different finfish as
well crustacean species to explore the potential for their culture in inland saline
water. ICAR-CIFE recognised the need for research in inland saline aquaculture
way back in 1980s (Dwivedi, 1984) and research was initiated at the Sultanpur
centre of the institute under the Operational research project 1986 (Swivedi and
Lingaraju, 1986). Some of the aquatic species for which salinity tolerance and the
other aspects such as nutritional requirement in inland saline water has been
studied in India include Rohu (Kumar et al., 2018), Catla (Ansal et al., 2016), Mrigal
(Rajender, 2000), Amur carp (Singh et al., 2019), Grass carp (Ansal et al.,
2016),Common carp(Jahan et al., 2020), GIFT-Tilapia (Singha et al., 2020),Nile
tilapia (Garg et al., 2016), Koi carp (Sharma et al., 2017),Pangasius(Kumar et
al.,2016), Grey-mullet(Barman et al., 2005, Talukdar et al., 2020),Milk fish (Raizada
et al.,2005),Silver pompano(Pathak et al., 2019),Macrobrachium rosenbergii (Jain et
al., 2007, Raizada et al., 2015), Penaeus vannamei (Jahan et al., 2018), Penaeus
monodon(Reddy and Harikrishna, 2014, Antony et al., 2015).However, at
commercial scale the technology for the rearing of L.vannmaei using amended
inland saline water has only been adopted. L. Vannamei farming, though

demonstrated to be highly profitable, has inherent problems such as the



requirement of large infrastructure and massive investment, making it difficult for the
resource-poor farmers to adopt the technology. Resource-poor farmers are waiting
for new species that can be cultured with low investment and infrastructure. In such
a scenario, culture of air-breathing fish Anabas testudineus, also known to exhibit

salinity tolerance, could be a suitable option for farmers of the inland saline region.

2.4. Anabas testudineus biology, distribution and importance

According to the binomial classification of Linnaeus (1758), Anabas

testudineus belongs to the
Kingdom:Animalia
Phylum:Chordata
Class: Actinopterygii
Order: Perciformes
Family:Anabantidae
Genus:Anabas

Species:A. testudineus.

Anabas testudineus is commonly known as ‘Kavai’ in Hindi, ‘Kou’ in Orissa, ‘Koi’
in West Bengal, ‘Kai’ in Assam etc. It is a highly preferred fish with a high market
price in many states like West Bengal, Tripura, Assam, Bihar, Orissa and even in
southern India (Nahar et al., 2015; Kuldeep et al., 2012). It is generally found in
open water (streams, lakes, floodplain and beels), paddy fields and swamps and its
preferred habitats are heavily-vegetated, stagnant waters (Menon, 1999). Climbing
perches are common in fresh and slightly brackish water throughout Indian
subcontinent and South East Asia (Jayaram, 1981). Koi is one of the most popular
fish in West Bengal, Tripura, Assam, Bihar and Orissa, due to its traditional role as
a medically prescribed diet for sick and convalescents (Saha, 1971). A.
testudineus also contain a high amount of iron and copper, which is essentially
needed for haemoglobin and haemocyanin synthesis (Chowdhury et al., 2014).
Besides, it also contains all the essential amino acids (Saha, 1971). In South-East

Asia this fish has attracted great attention as a promising candidate species for
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freshwater aquaculture (Zworykin, 2012). In India, as well, attempts have been
made to culture this species in weed-infested water bodies having poor water
quality where carp culture cannot be undertaken (Kumar et al., 2013). Recently this
species has also emerged as species of choice for biofloc based culture.
Historically, A.testudineus has been subject of investigation by fish biologists
owing to its obligate air-breathing habit (Dubale, 1951; Saxena, 1958; Munshi,
1968) and terrestrial locomotion ability with the help of hard opercular spines (Liem,
1987, Davanport and Martin., 1990). Air breathing in A. testudineus is assisted with
supra branchial organsThe common name climbing perch for the species derives
from the ancient legend that Anabas species can climb palm trees and suck their
juice. However, the classical experiment of Davanport and Martin., 1990 negated
the species to have ability to climb tress based on the inferences drawn from the

results of slope climbing experiments and the general results of lateral instability.

A. testudineus appears to be visual feeders, feeding mainly during the day
time (Patra, 1993). They are ferocious predators and omnivorous in feeding habit
and can tolerate a wide range of environmental fluctuations (Bhaskar et al.,
2015). They can live without water for six days and also able to survive in a harsh
environmental condition such as low oxygen due to the presence of accessory
respiratory organ and as well as its air-breathing activity (Rahman and Monir, 2013).
IUCN list this species under vulnerable category due to indiscriminate fishing, use of
pesticides and fertilizers, habitat modification, obstruction to breeding migration, and
management failure (Hossain et al., 2015). A. testudineus attains a total length of
up to 176mm (Rahman, 1989).

Under favourable conditions, A. testudineus attains sexual maturity in the first
year itself (Chanchal et al., 1978). Based on its relative condition factor, it was
concluded that males and females attain their first sexual maturity at 11.3g
andl12.2g in weight and 8.0 and8.2 cm length, respectively (Chanchal et
al., 1978).Sexual dimorphism is seen during the breeding season based on the
difference of their colour. During the breeding season, females show a brilliant
orange colour with shades of yellow on the ventral side of the abdomen along with
the colour variation. Further, female also shows some secondary sexual characters
like abdomen are more bulged out in comparison to male. Whereas, males are

darker in colour and develop tubercles on the pectoral fin during breeding
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(Mookerjoo and Mazumdar, 1946).In India, CIFA has standardised the technology
for seed production of the species with synthetic hormones and has also
demonstrated the culture potential of this species at various locations (Kumar et al.,
2013). Mandal et al., 2016 recommended 0.015 pg/g sGnRHa as the best dosage
for breeding of A. Testudineus female fish and half the dosage for male fish. They
further reported female: male ratio of 1:2 as optimal for enhanced spawning
success in the climbing perch. Fecundity of the species ranges from 16,832-46,186,
based on body weight (Uddin et al., 2017). In nature, the species breeds only once
during its breeding season from April to August. However, multiple spawning of the
species can be achieved under captivity with proper management of feeding and
water quality parameters (Kuldeep et al., 2012). This fish is also known as a species
that has a low survival rate during its early life stage and fry. Its Seed production
and stock assessment are still poorly understood due the high mortality at first stage
of development (Zalina et al., 2012). Bahera , 2013 recommended stocking density
of 4 larvaellitre for this species to achieve enhanced survival in early life stages.
They also reported that depth of the larval culture tank has a significant effect on the

survival of fishes.

A. testudineus is available in different strains which is hard to differentiate
based on morphometric characters. Most of the farms in India and Bangladesh are
currently culturing, what is popularly referred to as Thai strain. Native strain is not
preferred for commercial aquaculture owing to its poor growth in ponds ecosystem
(Kohinoor et al. 1991). Thai strain of A. testudineus was introduced from Thailand to
Bangladesh in 2002 and subsequently it entered India in clandestine manner
through illegal seed trade. This strain has some special characteristics such as
faster growth rate, shorter culture period, higher survival rate etc (Kohinoor et al.,
2007).

2.5. Nutritional requirement of Anabas testudineus

From the economics point of view, nutrition is one of the most important
factors for profitable rearing of different cultivable species. Hossain et al., 2012
studied the dietary protein requirement for Thai strain of climbing perch and
reported that species in the size range of 1 to 8 grams grew best at 40% dietary
protein level. Incorporation of dietary protein at level higher than 40% negatively

affected the growth of the species. Climbing perch was shown to efficiently utilise
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the poultry viscera as a protein source and can completely replace fish meal in diet
(Bhaskar et al., 2015). Kader et al., 2011 while studying different animal protein
sources in the practical diet of A. testudineus observed that the combination of
fishmeal, protein concentrate, and meat and bone meal is more effective for this
species than any of the three protein sources alone. Ali et al., 2012 in their study on
estimation of carbohydrate : lipid ratio for A. testudineus revealed that climbing
perch, can perform equally well on diets containing carbohydrate ranging from
14.43 to 28.81%, lipid ranging from 9.60 to 14.64% and carbohydrate : lipid g/g
ratios of 0.99 to 3.00.Further, omnivorous fishes such as mullet, tilapia shows better
growth, at 30-32% crude protein diet (Talukdar et al., 2020;De silva et
al.,1985).There are several research gaps in the nutrient requirement of A.
testudineus and future studies must focus on estimating the optimal dietary
Protein/Energy ratio for the species during various phases of its culture cycle.
Dietary protein to energy ratio is important for maintaining proper growth of fishes in
aquaculture (Winfree and Stickney, 1981).

2.6. Anabas testudineus production

Thakur and Das, 1986 reported that Koi (Anabas testudineus) production was
1,800 kg/ha in India by using supplementary feed such as rice bran, mustard oil
cake and fish meal. In this culture technique stocking density was around 60,000
no/ha and culture duration spanned over 170 days. Akhteruzzaman, 1988 also
evaluated the production potentials of Anabas testudineus in monoculture condition,
where the stocking density was 16,000/ha and obtained a production of 450kg/ha in
five months. Rahman et al., 2013 reported that production up to 5582.23 kg/ha can
be obtained when Thai strain of A. testudineus is stocked in ponds at stocking
density of 1,00,000/ha. However, FCR was negatively affected as the stocking
density was increased and they recommended stocking density of 50,000/ha as the

best for getting maximum economic returns.
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2.7. Osmoregulatory mechanism in fishes

Salinity is one of the most important parameters that directly or indirectly
affects fish growth, survival, reproduction, osmotic regulation and distribution of
fishes in different habitats (Boeuf and Payan 2001; Kang’'ombe and Brown 2008).
Tolerance to wide environmental factors is important for survival of fishes. Salinity
tolerance is critical to diversification of species in the new culture environment such

as Inland saline region.

There are several mechanisms by which salinity may affect the various
parameters related to fish culture. If freshwater and marine water fish reared in
inadequate salinity level, it directly effects on fish physiology and leads to reduction
of growth, survival, immune response and disease resistance (Semra, 2013). The
changes in the salinity in the gastric lumen will alter the different digestive enzyme
activities, which directly or indirectly affects feed digestibility along with fish growth
performance by increasing energy demand in continuous ionic regulation
(Moutou et al., 2004; Tsuzuki et al.,, 2007; Gheisvandi et al., 2015; Vargas-
Chacoff et al., 2015). If salinity is too high or too low in the external environment
compared to the fish body fluids then fish need to spend some portions of its gross
energy to maintain the osmotic balance (Boeuf and Payan, 2001). Boeuf and
Payan, 2001 also reported that fish uses roughly 10% of total energy for
osmoregulation. McCormick, 2001 reported that salinity variation also affects the
fish hormonal activity as well (gonadotrophin hormone, cortisol, insulin-like growth
factorl and thyroid hormones), which are known to be important because they have
the ability to maintain internal body homeostasis compared with the external

environment.

Osmoregulation in fishes is mainly done by a group of organs like the intestine,
kidney and gill, which are the major organs responsible for balancing ion movement
by salt secretion or by salt uptake (Hirose et al., 2003). The mitochondria-rich cells
(MR cells, i.e. chloride cells) located in gill epithelium also known as ionocytes are
responsible for ion uptake in case of freshwater and ion secretion in case of
seawater fishes (Hirose et al., 2003; Hwangand Lee, 2007). Freshwater fish have

internal environment which is hyperosmotic compared to the external environment.
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So,to maintain the osmotic regulation freshwater fish produced dilute urine via the
renal system and ion uptake through specialized branchial cells (Larsen et
al., 2014). But in case of seawater fish internal environment is hypo-osmotic in
comparison to external environment. So, to maintain the osmotic regulation fish
drink lots of water through the gastro-intestinal tract and excrete excess mono-
valent ions through gills and divalent ions via the renal system (Larsen et al., 2014).
Based on the strategy adopted for dealing with different osmotic conditions fishes
can be classified as osmoconformers and osmoregulators. First group comprises of
hagfish, and elasmobranches. Osmoconformers do not invest energy in transport
mechanisms; thus, the osmolality of their internal medium fluctuates according to
the osmolality of the environment and maintain NaCl concentration in their body
fluids which is equivalent to habitat. However, most of the teleosts maintain the
osmolality of their extracellular body fluids relatively constant at approximately 300
mmosmol kg, which is independent of environmental salinity and are referred to as

osmoregulators (Kultz., 2015).

Survivality of fish depends upon the ability of fish to maintain the body fluids
at least for short time in an abnormal range of internal osmotic and ionic
concentrations. The fish has a special ability through which they can regulate the
body fluid to restore the level of osmotic pressure to near normal (Holiday et
al.,1969). The migration or abrupt transfer of fish from freshwater to seawater or
vice versa will normally lead to increased osmotic concentration of fish blood serum
and change in ionic contents and may finally lead to an osmotic stress (Miles and
Smith 1968).0Osmolality is defined as the concentration of the substance in 1 L of
water divided by its molecular weight (Sanders, 2009).Osmolality is the total
concentration of all dissolved inorganic ions and organic compounds such as
sugars and amino acids found in the body fluid (Kultz., 2015). The osmolality of the
fish body fluids is measured by using freezing-point depression osmometry or
cryoscopic osmometer (Sanders, 2009). In cryoscopic osmometer, the sample is
cooled below its freezing point after that its temperature is slowly raised and the end
point being defined as the temperature of the sample at the time when the last ice
crystal melts (Unwin and Willmer,1978).Based on osmolality of body fluid and
culture medium, we can refer to the culture medium as hyposmotic, hyperosmotic

and isosmotic. A solution is said to be hyperosmotic when the osmolality of the
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solution is greater than that of the reference solution and hyposmotic, when the
osmolality of the solution is less than that of the reference solution. Further an
isosmotic solution has an osmolality identical to that of the reference solution
(Sanders, 2009). Boeuf &Payan, 2001 reported that, when fish reared in isosmotic
medium fishes doesn’t need to spend energy for osmoregulation. So, along with the
gross energy this additional energy also fish can utilize for growth. The isotonic
salinity level of different hardy stenohaline fish ranges from 9-13g/L (Brett, 1979;
Lisboa et al., 2015).

2.8.Salinity tolerance of freshwater fish species

Salinity tolerance of freshwater fishes varies with the species, age, size and
acclimating conditions. Attempts were made to culture Indian major carps and
common carp, Cyprinus carpio in saline ground water of 8-10 ppt salinity at
Sultanpur (Haryana) during 1984-87. Indian major carps could not tolerate beyond 5
ppt, whereas, common carp could grow to a size of 550 gm in less than a year and
also achieved maturation. Dwivedi and Lingaraju, 1986 could successfully culture C.
mrigala in saline water of 8-10 ppt salinity at Hisar. He further noted that gonadal
maturation was fast in C. mrigala in saline water than in fresh water. Ghosh et al.,
1973studied the salinity tolerance of fry and fingerlings of Indian major carps and
their growth properties at different levels of salinity, from 0 to 15 ppt. Best growth
rates for both species were recorded at 5 ppt. At salinity above 5 ppt fish exhibited
reluctance towards feeding complete cessation of feeding was observed at 11 ppt.
European carp from the river Mury survived direct transfer from freshwater to a
salinity of 12.5 ppt and with acclimation there was 50 % survival at 15 ppt (Geddes,
1979).In general the culture of Indian major carps could be possible in water of low
salinity (5-10 ppt) (Ghosh et al., 1973, Sarma et al., 2020). Recently Jahan et al.,
2020 reported the successful breeding and development of early larval stages of
common carp in inland saline water of upto 10ppt. Singh et al., 2019 also reported
that Amur carp can thrives well upto 5ppt salinity in inland saline water. Islam et al.,
2014 reported that rohu fingerlings show normal growth upto 6ppt salinity without
any mortality. Furthermore, Kilambi& Zdinak, 1980 shows that grass carp can
tolerate 10-16ppt salinity for short period .Apart from that, other carps such as big

head carp can tolerate low saline water (2.3-7.6ppt) easily (Garcia et al., 1999).
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Sharma et al.,2017 shows that koi carp can tolerate salinity upto 8ppt without any

mortality in inland saline water.

Upper limits of salinity tolerance of different catfish species was studied by
James et al., 1969 and was found to be 11 ppt for channel catfish, 12ppt for blue cat
fish ,and 13 ppt for white catfish. Castaneda et al.,2010 reported that Asian catfish
P. hypophthalmus, can be cultured in brackish water with up to 13 ppt salinity and
survive excursions up to 20 ppt for at least 22 days. Growth of the fish was
hampered at salinities above 13 ppt. Chaturvedi et al., 2012 reported that,
successful breeding and seed production of Magur in inland saline water of upto
5ppt.They also shown that the fertilization of eggs (78.10%) and hatching
rate(89.65%)of Clarias batrachus is high at 5ppt salinity in inland saline water.
Ahmmed et al., 2007 also reported that Heteropneustes fossilis hows normal growth

upto 6ppt salinity without any mortality.

Salinity tolerance limit of Nile tilapia was found to be 0-7ppt (Lawson and
Anetekhai, 2011) and also shows good growth in low saline water. Most of the
tilapia species breed easily in freshwater as well as in low saline water (Chervinski,
1982). According to Perry and Avault, 1972 O.aureus can breed easily in low saline
water upto 4.3ppt salinity. The red tilapia shows high salinity tolerance as well as

shows high growth rate in brackish water upto 17.5ppt salinity (Stickney, 1986).

Anabas testudineus is reported to exhibit faster growth rate in mild saline
water compared to freshwater (Widiyati et al., 2019). Nadirah et al., 2014 reported
that Anabas testudineus hatching (97.3%) and larval survivality (90%) were high in
3ppt salinity compared to freshwater. According to Dubeyet al.,, 2015Anabas
testudineus shows satisfactory growth and survival at a salinity range of 5-
15ppt.Chotipuntu and Avakul, 2010 also shows that, the successful hatching (90%)
and larval rearing Anabas testudineus at3ppt salinity. There are conflicting reports
in the available literature regarding the salinity tolerance of this species; some of the
literature is mentioned in the table provided below. Anabas testudineus shows
better specific growth rate at upto 8ppt salinity, without any mortality (Chotipuntu
and Avakul, 2010). According to Chowdhury, 2014 Anabas testudineus shows

better FCR and FCE in 8ppt saline water compared to freshwater.
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Table 1.Salinity tolerance of Anabas testudineus as per the available literature

Authors | Salinity weight of the fish used | Duration of experiment
tolerance | for experiment (g) (days)
(ppt)
Bianco and 11ppt 6-7 45
Nordlie, 2008
Nahar ,2015 9ppt 1.07t07.8¢g 60
Chotipuntuand 10ppt 1.51-1.54 40
Avakul,2010
Zahari and 15ppt 1.02 90
Christianus,2018
Ip et al., 2012 30 ppt 25-45 6 days
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Table.2. Salinity tolerance of certain widely cultivated stenohaline freshwater

species.
species Salinity tolerance limit(ppt) References
Catla 0-8ppt Ghosh et al., 1973, Sarma et al.,2020
Rohu 0-6ppt/0-8ppt Islam et al.,2014
Mrigal 8-10ppt Dwivedi and Lingaraju, 1986
Common carp 0-6ppt Mangat and Hundal,2014
Silver carp 0-11.1 ppt Al-Faiz et al.,2011
Grass carp 0-7.5 ppt Li et al.,2007
Magur 0-4 ppt S.K. Sahoo et al.,2003
Pangasius 0-15 ppt Kumar et al.,2016
Singhi 0-6 ppt Ahmed et al .,2017
Channa 0-13 ppt Dubey et al.,2016
A. mola 0-6.20 ppt Dubey et al.,2014
P.ticto 0-6.12 ppt Dubey et al.,2014
Nile tilapia 0-20ppt Schofield et al.,2011
Gold fish 0-10 ppt Luz et al., 2008
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2.9. Effect of salinity on various physiological indicators and

haematological parameters

Salinity is one of the most vital environmental parameter that significantly
affects on growth, survival and distribution of fishes. Salinity variation causes a
series of physiological stress response in aquatic animals, which leads to an
imbalance of serum hormone levels, energy metabolism and electrolytes imbalance
(Choi et al., 2008). When fish reared in hyperosmotic medium, enhanced cellular
metabolic activity leads to the production of reactive oxygen species (ROS) or free
radicals (Storey, 1996). However, excessive ROS produced in the body of fish due
to salinity stress may lead to oxidative stress and cell malfunction, finally resulting in
the apoptosis or necrosis of the cell (Sun et al., 2014). But aquatic animals are
known to possess special antioxidant defence mechanism by which they protect
themselves from ROS/free radicals. Superoxide dismutase (SOD) is the first stress
enzyme which can prevent oxidative stress by catalyzing the dismutation reaction of
superoxide anion (O27) into Oz and H20: in living organisms (Livingstone,, 2001).
Another enzyme which is related to scavenging of oxidative radicals produced
under stress conditions such as salinity is Catalase, responsible for the degradation
of the reactive oxygen species like hydrogen peroxide (H202) to produce H>O and
oxygen (Livingstone,, 2001). An increase Catalase activity under salinity stress
attributed to adaptive mechanism of tissue to reduce the H>O, and providing

protection against oxidative stress (Agarwal and Pandey, 2004).

The ability of an organism to digest the ingested food particles depends upon
the presence of an appropriate number of digestive enzymes like Amylase, lipase,
protease etc (Smith, 1980). In higher salinities within a range it was observed that
digestive enzyme activity was a little bit higher compared to freshwater or low saline
water. Fishes under salinity stress has to spend lots of energy for maintaining body
homeostasis i.e. osmoregulation so, to regulate other physiological functions i.e.
digestive physiology, reproductive physiology etc fishes need more energy for that
fishes generally enhance their feeding frequency. This reduces the time required for

complete digestion and absorption of nutrients (Ferraris et al., 1986) and finally this
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process dramatically increases the digestive enzyme activity for complete digestion
and absorption of nutrients(Boeuf and Payan, 2001; Psochiou et al., 2007). Several
studies also showed that environmental stresses including temperature fluctuations
(Miegel et al., 2010) and starvation (Cara et al., 2007) also increase digestive

enzyme activity.

ALTand AST, also known as SGOT and SGPT belong to transaminase family
and are known to play an important role in protein metabolism (Fazio et al.,
2013).When, liver and myocardial cells are damaged or their permeability
increases, ALT and AST will be released into the blood, as a result of that blood
transaminase activity also increases. Under conditions of stress the activity of
transaminase enzymes increase, which might be directed to speed up the rate of
amino acid mobilisation. Amino acids released through transaminase action enter
the citric acid cycle leading to production of ATP for various physiological activities
(Ranjan et al., 2020). The activities of serum ALT and AST can be used to monitor
the health status of fish (Wang et al., 2005).ALT/AST ratio is often used in clinical
investigations to differentiate between muscular and hepatic damage. Elevation of
ALT activity appears to reflect liver disease, and it is more specific for liver disease
than AST because of the biological location of these two enzymes. ALT is liver
specific, where as AST is produced by hepatocytes as well as other tissues
including skeletal muscles (Shahsavani et al., 2010). The magnitude of ALT
elevation is usually greater than AST when both are elevated due to hepato- cellular
damage because of the longer half-life of ALT and the greater fraction of AST that is
bound to the mitochondria unlike AST which is mainly found in cell cytoplasm
(Aulbach and Amuzie, 2017). Al-Khashali and Al-Shawi, 2013 reported that ALT and
AST activity of goldfish increases when fish transferred from freshwater to saline
water. Akhtar et al., 2014 also reported enhanced AST and ALT level in muscle and

liver of Labeo rohita fingerlings exposed to salinity stress.

The haematological parameters are considered as valuable tools for
recognizing the fish health condition and also guide the biologists to interpret the
physiological stress which occurs due to changes in fish rearing conditions (Bhaskar
& Rao 1984).Changes in haematological parameters with salinity will give an idea

on the adaptability of fish with different environmental conditions which further
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reflects the immunological potential of fish (Bahmami et al., 2001). Different types of
blood parameters such as haemoglobin and red blood cells (RBC) are correlated
with various environmental factors such as water temperature and salinity (Graham
1997). If fish is transferred from freshwater to saline water, there is a sudden drop of
haemoglobin content, RBC and WBC counts (Usha, 2011).Elarabany et al., 2017
also reported that in case of Nile tilapia Hb, HCT and RBC count decreases with
increasing salinity. Serum glucose is a stress parameter and gives us idea about
the adaptability of fish in different condition. In case of tilapia, serum glucose also
showing declining trend in higher salinities, which might be due to higher rate of
glycogenolysis to meet high energy requirements for osmoregulation i.e.to mitigate
the salinity stress in higher salinities (Kavya et al., 2016).Serum total protein is a
nonspecific immune variable and gives a good idea about the immune potential of
fish in different environmental conditions (Yilmaz et al.,2012).l1ts concentration in
fish is less stable compared to mammals(Satchell ,1991).In higher salinities serum
total protein dramatically decreases, it might be due to the metabolisation of protein
available in serum for dealing with osmoregulatory stress (Elarabany et al.,
2017;Yilmazet al.,2012).
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3.0 Material and Methods



3.1. Site of the Experiment

The experiment was conducted in wet laboratory of ICAR-CIFE Rohtak centre,
Haryana, India. Subsequently, the analysis part had been carried out both at CIFE,
Mumbai and in the laboratory of the CIFE, Rohtak Centre.

3.2. Experimental Animal

The animal used for the experiment was Anabas testudineus fingerlings
(Bloch, 1792) with an average weight ranging from 6.02+0.02g to
6.22+0.08g.Experimental fishes were collected from wetlands of Assam with the
help of local fishermen. Following an acclimation period of 2 days at a local
hatchery in Assam; fishes were transported by air route to Delhi in oxygen-filled
polyethene bags.On reaching the laboratory, fishes were given mild salt treatment
to ameliorate the handling stress and carefully transferred to an aerated circular
tank (1000 L) and were left undisturbed. Oxytetracycline was given at the rate of 15
mg/I(APHA, 1981) for the next seven days as a precautionary measure. The fish
were acclimatized for a period of 15 days in the same tank with water exchange at

every 24 hours and were fed with commercial grade fish feed.
3.3. Experimental design

There were five treatments, and each treatment had three replicates. A
completely randomized design (CRD) was followed for this study. A total of 225
fishes were distributed into 15 groups according to treatments and were assigned

randomly to 15 different FRP tanks of 300 litres capacity.

3.4. Water preparation

Inland saline groundwater having a salinity of 12-13g/L was obtained from
bore well located in the high saline zone of Rohtak Farm. Pumped waster was
filtered with 100um filter bag and was stored in a cemented tank (length 300 cm x
width 200 cm x water depth 150 cm). After allowing sedimentation of the collected
water for a week, it was diluted to four different test salinities (3, 6, 9 and 12 ppt) by
using freshwater from a bore well located in the freshwater section of the farm.

Freshwater of Oppt was used as control.
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3.5. Salinity Acclimation Method

The experimental animals were acclimatized to different salinities for 12 days.
The fishes were exposed to progressively increasing salinities by adding the
appropriate amount of inland saline water at equal intervals. The salinity was
increased by 1 ppt every 24 hrs until each treatment had reached an appropriate

salinity level.
3.6. Experimental set-up

The experiment was carried out in a wet lab of the Central Institute of
Fisheries Education, Rohtak centre, Haryana, India. The fishes were reared in
ISGW for a period of 60 days during August-17 to October-16.A total of 15 FRP
tanks of 300litre volumes were filled with 150litres water of appropriate salinity and
aeration stones were put in each tank. Each treatment and control groups were
maintained at three replicates wherein each replication was stocked with 15 fishes
(a total of 45 fishes for each treatment). 225 fish with initial length and weight
ranging from 6.55+0.08 t07.01+0.09 cm and 6.02+0.02g to 6.22+0.08g
respectively was used for the experiment. In order to maintain the optimum water
guality, experimental tanks were cleaned manually once in 3 days to remove
excess feed and faecal matter and 10 % of water was exchanged on daily basis.
During the experiment, water quality parameters such as dissolved oxygen,
temperature, pH, alkalinity, hardness, ammonia, nitrite, different ions and salinity

were recorded once in a week.

3.7. Physico-chemical Parameters of Water

Water quality parameters viz. temperature, pH, dissolved oxygen, total
hardness, total alkalinity, un-ionized ammonia, nitrite and calcium were monitored
twice in a 15days interval during the experimental period for all the experimental

tanks.

3.7.1. Temperature

The temperature was measured using a handheld thermometer.
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3.7.2. pH

pH meter was used to determine the pH of the water.

3.7.3. Dissolved Oxygen (DO)

The dissolved oxygen level of water in which fishes were reared was

measured using Winkler's method (APHA, 2005) and calculated using the formula.

V XN X1000 X8
DO (M@ 1) = ==
The volume of the sample (ml)

Where, V= Volume of the titrant, N= Normality of the titrant (Sodium
thiosulphate)

3.7.4. Total ammonia-N (NHs —=N)

The ammonia concentration was estimated spectrophotometrically at 635
nm wavelength (APHA, 2005) and compared with the standard graph. The

Concentration was expressed as mg/l.

3.7.5. Nitrite-N (NOz =N)
The nitrite concentration was estimated spectrophotometrically at 543nm
wavelength (APHA, 2005) and compared with the standard graph. The

concentration was expressed as mg/l.

3.7.6. Total Hardness

The total hardness was estimated by titrimetric method (APHA, 2005).
Here, the sample was titrated against standard EDTA solution using Eriochrome
black-T indicator and ammonium chloride and ammonium hydroxide as a buffer and

calculated using the following formula.

Hardness (EDTA) as mg CaCOs/L= ml EDTA used x N of EDTAx Bx1000
ml of sample
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Where, N= Normality, B=mg CaCOzequivalent to 1.00 ml EDTA titration.

3.7.7. Total alkalinity

The total alkalinity was estimated by titrimetric method (APHA, 2005) by
titrating against standard H2SO4 and phenolphthalein and methyl orange as an
indicator and calculated using the following formula.

Total alkalinity (mg/L) as CaCO3z= Volume of HCI x N of HCI x1000x50
ml of sample

3.7.8. Calcium
Calcium was estimated by titrimetric method (APHA, 2005) by titrating
against 0.01M standard EDTA solution and used Murexide as an indicator and
calculated using the following formula.
Calcium (mg/l) as CaCOs = (AxBx1000)
ml of sample

B=mg CaCOzequivalent to 1.00 ml EDTA titration; A=ml titrant for sample

3.7.9. Magnesium

Magnesium was estimated by using the following formula (APHA,
2005).Magnesium (mg/L) = [Total hardness (mg CaCO3/L) -Calcium hardness
(mgCaCO3/L)] x 0.243

3.7.10. Sodium and potassium
By using the flame photometer (ESICO, 1382).

3.8. Feeding

Feeding was done @4% of the body weight initially and after that based on
the observation of feed consumption for 15 days; the feeding rate was adjusted.
The daily ration was divided into two equal parts and was fed at 9:00 am in the
morning and 5:00pm in the evening. The particle size of the commercial feed
(Growel feeds Pvt Ltd) was 2mm and it was found to contain 33.89% crude protein,
4.64%crude lipid.

25



3.9. Proximate analysis of the diet and carcass tissues

Proximate analysis of the feed and carcass tissues was done by standard
methods (AOAC, 2006) at Aquaculture and Fish nutrition Laboratory of CIFE.

3.9.1. Moisture

The moisture analysis was done by oven drying the sample.1 g of sample
was taken and heated at a temperature of 110°C until a constant weight was
achieved. The difference in weight of the sample gave the moisture content, which

was calculated by using the following formula.

Moisture (%) =(wet weight of sample — dried weight of sample) x100
Wet weight of sample

3.9.2. Crude Protein

The nitrogen content of the feed and carcass tissues was estimated
guantitatively by automatic Microkjeldahl unit (Kelpus-Classic DX (VA), Pelican
Equipments). 0.5 g of Sample was taken and digested with 1.6 g of digestion
mixture (K2SO4 and CuSO4 in5:1 ratio) in 20 ml concentrated H2SO4. The
digestion was carried out in the digestion Unit until the solution became clear. The
digested sample was diluted to 100 ml and 5 ml of the digested solution was taken
for distillation. 10 ml of 40% NaOH was automatically added to the sample for
distillation. The total programmed time was 9 min and the liberated NH3 was
collected with Boric acid in a conical flask containing indicator. The amount of
ammonia liberated was determined by titrating with 0.1N H2SO4. The crude protein
content was obtained by multiplying the total nitrogen content by a conversion factor

of 6.25 and expressed as a percentage.

Crude protein (%) = N2 (%) x 6.25

3.9.3. Ether Extract (EE)
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Ether extraction was done by Soxhlet apparatus using petroleum ether
(Boiling point 40-60 °C) as a solvent. Ether extract is calculated by using the

following formula:

Ether extract (%) = (Initial weight of the sample — final weight of the sample) x100
Weight of initial sample

3.9.4. Ash

Total ash content of the diet and carcass tissue was estimated by taking a
known weight of sample in a pre-weighed and ignited silica crucible and placed in a
Muffle furnace at 600°C for 7 hours. Ash content is calculated by the following

formula:

Ash (%) =(Weight of ash) x100
Weight of sample

3.9.5. Total carbohydrate (TC)

The total carbohydrate (TC) of the experimental diet and carcass tissues
was calculated by subtracting the percentage of other nutrients from 100 (Hasting,
1969).

TC (%) = 100 — [Crude protein (%) + Ether extract (%) + Ash (%)]

3.10. Assessment of growth parameters

The growth has been expressed as total length (cm), weight (g), weight gain
(9), weight gain (%), specific growth rate (SGR) and Hepato-somatic index (HSI)

over a period of 60 days.
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3.10.1. Weight gain (g)

The weight gain of the fishes after the end of the experimental period was
calculated by using the following formula:

Weight gain (g) = (Final weight-Initial weight)

3.10.2. Weight gain (%)

The weight gain percentage of the fishes after the end of the experimental
period was calculated by using the following formula:

Weight gain (%) = (Final weight — Initial weight) X100
Initial weight

3.10.3. Specific Growth Rate (SGR) (% day-!)

The Specific growth rate was calculated by using the following formula:

SGR = [In of final weight — In of initial weight ] x100
Experimental period (days)

3.10.4. Hepato-somatic index (HSI)

HSI was calculated by using the following formula:

Hepato-somatic index (HSI) (%) = (wet weigh of liver/whole body wt of fish) x100
3.11. Assessment of Feeds
3.11.1. Feed Conversion Ratio (FCR)

The feed conversion ratio was calculated by the following formula:

Feed conversion ratio = Feed given (dry weight) g
Body weight gain (wet weight) g
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3.11.2. Feed Efficiency Ratio (FER)

The feed efficiency ratio was calculated by the following formula:

Feed Efficiency Ratio = Body weight gain (wet weight) g
Feed given (dry weight) g

3.11.3. Protein Efficiency Ratio (PER)

The protein efficiency ratio was calculated by the following formula:

Protein Efficiency Ratio = Body weight gain (wet weight) g
Crude Protein fed (g)

3.12. Survival Rate

At the end of the experiment, the number of the experimental animals in
each tank was counted and the survival rate (%) was calculated by the following

formula:

Survival Rate (%) = Total humber of harvested animal x100
Total number of stocked animal

3.13. Collection of Organs

The fish were dissected and gill, intestine, muscle and liver samples were
separately and macerated with 0.25M sucrose solution. After centrifugation at
10000 rpm for 10 minutes, the supernatant was collected in sterilized eppendrof

tubes and stored at -20 °C for carrying out enzyme assay.

3.14. Sample preparation

The muscle, liver, gill, and intestine of the fish were removed carefully and
weighed. They were homogenized with chilled sucrose solution (0.25 M) in a glass
tube using tissue homogenizer. The tube was continuously kept in an ice bath while
homogenizing. The homogenate was centrifuged at 10,000 rpm for 15 minutes at
4°C in a cooling centrifuge. The supernatant was kept in a deep freezer at -20°C
temperature for further analysis. A 5% homogenate was prepared for all tissues for

all analyses.
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3.15. Analysis of Digestive Enzymes
3.15.1. Amylase

The reducing sugars produced due to the action of glucoamylase and
alpha amylase on carbohydrates was estimated using Dinitro Salicylic Acid (DNS)
method (Rick and Stegbauer, 1974). The reaction mixture consists of 1% (w/v)
starch solution, phosphate buffer, and the tissue homogenate. The reaction
mixtures were incubated at 37°C for 30 minutes. DNS was added after incubation
and kept in boiling water bath for 5 minutes. After cooling, the reaction mixture was
diluted with distilled water and absorbance was measured at 540 nm. Maltose was
used as the standard. Amylase activity was expressed as mill mole of maltose

released from starch per minute at that temperature.

3.15.2. Protease activity

The protease activity was determined by the casein digestion method
(Drapeau, 1974). The enzyme reaction mixture consisted of 1% (w/v) casein in
0.05M Tris-phosphate buffer (pH 7.8) and incubated for 5 minutes at 37°C. Then
tissue homogenate was added. Ten minutes later, the reaction was stopped by
adding 10%TCA (Trichloro Acetic Acid) and the whole content was filtered. The
reagent blank was made by adding tissue homogenate just before stopping the
reaction with TCA and with no incubation. One unit of enzyme activity was defined
as the amount of enzyme needed to release acid-soluble fragments equivalent to
A0.001 A280 per minute at 37°C and pH 7.8.

3.15.3. Lipase activity

The lipase activity was assayed by the method of Cherry and Crandell
(1932). Two test tubes labelled as a test (T) and control (C) were taken. Each of the
two tubes was added with 3ml of the distilled water and 1ml of the homogenate.
One of the tubes (C) was placed in boiling water served to inactivate the lipase in
control. Then 0.5ml of buffer solution (phosphate buffer pH 7.0) and 2 ml olive oil
emulsion was added to both the tubes, shaken well and incubated at 37°C for 24
hours. Then 3ml of 95% alcohol and 2 drops of phenolphthalein solution were

mixed. Each the tubes were titrated with 0.05 N NaOH up to the appearance of
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permanent pink colour. The volume (ml) of N/20 NaOH solution required for 100 mg
intestinal or liver tissue in the experimental tube subtract the volume (ml) of N/20
NaOH solution required for the same amount of intestinal or liver tissue in the
control tube represented the units of intestinal or liver lipase activity per gram tissue.

3.16. Antioxidant Enzymes

3.16.1. Superoxide dismutase assay (SOD)

According to the method described by Misra and Fridovich (1972),
Superoxide dismutase was assayed based on their ability to inhibit auto-oxidation of
epinephrine to adrenochrome at pH 10.2. 50 yl of the sample was taken in a cuvette
and 1.5 ml 0.1 M carbonate-bicarbonate buffer containing 0.57 mg ml* EDTA
(pH10.2) 30 and 0.5 ml epinephrine (3 mM) was added and mixed well. The change
in optical density at 480 nm was measured immediately for 3 min in an
UVspectrophotometer. One unit of SOD activity was considered as the amount of

protein required to inhibit 50 % auto-oxidation of epinephrine.

3.16.2. Catalase assay (CAT)

Catalase activity was assayed according to the method described by
Takahara et al., (1960). The reaction mixture consisted of 2.45 ml of phosphate
buffer (50 mM, pH 7.0) and 50 yl enzyme source. The reaction was started by the
addition of 1.0 ml of H202 solution (0.3% in phosphate buffer). The decrease in
absorbance was measured at 240 nm at 15-sec intervals for 3 min. The blank was
run simultaneously with 1.0 ml distilled water instead of hydrogen peroxide solution.
Enzyme activity was expressed as micromoles H»O, decomposed min' mg?

protein ml=,

3.17. Collection of blood and serum

At the end of the experimental period of 60 days, three fish per replicate
were randomly selected for blood and serum collection .Before going for that fishes
were anaesthetized with clove oil (50 pl/L).Blood samples were collected from the
caudal vein using a 1 ml hypodermic syringe (without anticoagulant) and transfer

the blood immediately into Eppendrof tubes and wait for 2hrs at room temperature.
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After this, blood got completely coagulated and serum got separated from rest.
Centrifugation at 4850g for 10 minutes enabled the complete separation and
collection of serum from the coagulated blood. The straw-coloured supernatant i.e.
serum was collected in sterilized eppendrof tubes, marked properly and stored at -
20°C for carrying out the further analysis.

3.18. Enzymes for protein metabolism in serum

3.18.1. Aspartate Aminotransferase (AST or SGOT) Activity

SGOT activity was estimated using Aspartate Aminotransferase (ASTor
SGOT) Activity Colorimetric Assay Kit (SIGMA-ALDRICH, USA and Catalog
Number-MAKO055). The assay performance was based on the detection of
glutamate which was released during the reversible transamination reaction
between a-ketoglutarate and aspartate. The absorbance was measured at 450 nm
using ELISA plate reader (Biotek India Pvt. Ltd). The absorbance was taken two
times during the reaction to know the activity of aspartate during the transamination

reaction.

3.18.2. Alanine Aminotransferase (ALT or SGPT) Activity

SGPT activity was estimated using Aspartate Aminotransferase (ASTor
SGOT) Activity Colorimetric Assay Kit (SIGMA-ALDRICH, USA and Catalog
number-MAKO052). The assay performance was based on the detection of pyruvate
which was released during the reversible transamination reaction between a-
ketoglutarate and alanine. The absorbance was measured at 570nm using ELISA
plate reader (Biotek India Pvt. Ltd). The absorbance was taken two times during the

reaction to know the activity of alanine during the transamination reaction.

3.19. OSMOLALITY

The serum and water osmolality (mOsm/kg) were measured using a
cryoscopic osmometer (Osmomat® 030; Gonotec GmbH). The osmoregulatory
capacity (OC) of the fishes in different treatments was calculated as the difference
between the mean osmolality of the fish serum and mean osmolality of their

corresponding rearing media (Greenwell et al., 2003).
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3.20. Haematological parameters

3.20.1. Total Erythrocyte count (x10%ul)

Red blood cells (RBC) count was done using Neubauer's counting
chamber of a haemocytometer as already described by Hendricks (1952).In this
process 20 pl of blood along with that 3,980 pl of erythrocyte diluting fluid
(Qualigens) was taken in a sterilized test tube and mix gently. After that counting
was done by putting a drop of this mixture into the counting chamber of a
haemocytometer.

3.20.2.White blood cells (WBC) count (x10%/ul)

White blood cells (WBC) count was done by following the method of Shaw
(1930).

3.20.3. Haemoglobin content (mg/dl)

The haemoglobin content of blood was estimated following the
cyanmethemoglobin method using Drabkin’s Fluid (Qualigens). 20ul of blood was
mixed with 5ml of Drabkin’s working solution. The absorbance was measured using
a spectrophotometer at wavelength of 540nm. The final concentration was
calculated by comparing  with the standard cyanmethemoglobin
(QualigensDiagnostics). The haemoglobin concentration was then calculated by

using the following formula-

oD(T) _ 251

——<X——=X60
OD(S) 1000

Hemoglobin content(g%) =

Where, OD (T) = Absorbance of test, OD (S) = Absorbance of standard

3.20.4. Haematocrit value (%)

Hematocrit value were determined by using a haematocrit centrifuge at
1000g for 10 min (Boon et al.,1990).
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3.21. Serum parameters

3.21.1. Serum glucose

Serum glucose estimation was done by using Trinder's method using ERBA
KIT. Glucose in the sample was oxidized to yield gluconic acid and hydrogen
peroxide in the presence of glucose oxidase. The enzyme peroxidase catalyzes the
oxidative coupling of 4-aminoantipyrine with phenol to yield a coloured quinonemine
complex, with absorbance proportional to the concentration of glucose in
sample.The absorbance of Standard (S) and Test (T) were measured against the
blank (B) in a spectrophotometer at 505 nm. The calculation was done as follows:

Con. of standard * absorbance of Test(T)

1 dl) =
serum glucose(mg/dl) absorbance of standard

Concentration of standard=100mg/d|
3.21.2. Serum protein

Plasma protein estimation was done by biuret method (Reinhold, 1953)
using ERBA kit. Proteins present in the plasma binds with copper ions in an alkaline
medium of the biuret reagent and produce a purple coloured complex, whose
absorbance is proportional to the concentration of protein in sample.The
absorbance of Standard (S) and Test (T) were measured against the blank (B) in a

spectrophotometer at 546 nm. The calculation was done as follows:

Con. of standard * absorbance of Test(T)

tei dl) =
serum protein(g/dl) absorbance of standard

Concentration of standard=6g/dl
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3.22. Statistical analysis

The statistical analysis was done using software Statistical Analysis
Software (SAS; version 9.3). One way ANOVA followed by a Tukey's test was
employed to compare the significant difference between treatments at a given point
at 5% level of significance.
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Plate no.1. Experimental setup

Plate no.2.Weighing of fishes
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Plate.4.Estimation of water quality parameters
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4.0 RESULTS

4.1. Physico-chemical parameters of water

The physico-chemical parameters of water in all experimental tanks such as
temperature (°C), dissolved oxygen (mg I%), pH, hardness (mg I%), total alkalinity
(mg I'Y), ammonia (mg I), nitrite (mg IY) and calcium (mg I't),Magnesium(mg 1)
and different others ions were periodically recorded and the average values of all

the treatments are presented in Table 3.

4.1.1. Temperature

The water temperature of the different treatments ranged between 28.5°C to
30.0 °C throughout the experimental period of 60 days.

4.1.2. Dissolved oxygen

The dissolved oxygen (DO) level of all the experimental tanks was recorded

in the range of 5.5 to 6.4mg I during experimental period of 60 days.
4.1.3.pH

The water pH of the different treatments ranged between7.39 to 7.84

throughout the experimental period of 60 days.
4.1.4. Total hardness

During the experimental period of 60 days, total hardness of water was
found to vary between 178.75 to 3093.75mg I2.

4.1.5. Total alkalinity

Total alkalinity of all the experimental tanks wasin the range of 126.00 to

213.50 mg I'* during the experimental period of 60 days.

4.1.6. Total ammonia nitrogen (NHs-N)

Ammonia-N was recorded within the range of 0.50 to 1.52 mgl?! in

experimental tanks during the experimental period of 60 days.
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4.1.7. Nitrite nitrogen (NO2-N)

During the experimental period of 60 days, Nitrite-N value varied within the
ranges of 0.10 to 0.65mg It among the various treatment groups.

4.1.8. Calcium

During the experimental period of 60 days, calcium content of water was
found to be 39.75 to 299.00mg I-2.

4.1.9. Magnesium

During the experimental period of 60 days, Magnesium content of water
was found to be 8 to 556 mg I2.

4.1.10. Sodium

During the experimental period of 60 days, sodium content of water was
found to be 19.70 to 3540 mg I.

4.1.11. Potassium

During the experimental period of 60 days, sodium content of water was
found to be 3.72 to 16.73 mg I*
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Table 3. Physico-chemical parameters of water used for rearing of Anabas testudineus juveniles in ISW at different
salinity level for the period of 60 days

Parameters Treatments

T1(0 ppt) T2(3 ppt) T3(6 ppt) T4(9 ppt) T5(12 ppt)
Temperature(°c) 28.53 - 29.87 28.50-29.93 28.60-29.73 28.63-29.97 28.67-30.00
DO (mg %) 5.85-6.30 5.50-6.05 5.75-6.15 6.15-6.40 5.75-6.05
pH 7.61-7.84 7.39-7.55 7.57-7.60 7.57-7.59 7.52-7.72
Hardness (mg I%) 120-140 950-1010 1760-1880 2230-2300 3080-3260

Total alkalinity (mg CaCO3 %)

126.00-128.25

144.00-146.25

161.50-165.75

177.75-183.75

211.25-213.50

Total Ammonia nitrogen (mg %) 0.50-0.67 0.83-0.89 0.98-1.20 1.25-1.27 1.20-1.52
NO>-N (mg I} 0.10-0.55 0.28-0.43 0.47-0.65 0.44-0.49 0.47-0.59
Calcium (mg 1) 39.75-51.00 98.00-100.50 157.50-164.00 216.00-220.50 281.50-299.00
Magnesium (mg 1) 8-12 155-170 298-330 391-405 510-556
Sodium (mg I} 19.70-26 800-860 1580-1670 2740-2800 3480-3540
Potassium (mg I 3.72-4.17 6.33-6.44 10.61-10.77 12.65-12.85 15.71-16.73
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4.2. Assessment of growth parameters

Growth parameters such as Average Body Weight, Average Length, Food
Conversion Ratio (FCR), Food Efficiency Ratio (FER), and Protein Efficiency Ratio
(PER), Specific Growth Rate (SGR), Weight Gain (WG), and Percentage Weight
Gain (PWG) were measured at the end of experimental period and are represented
in Table 4 to 6and Fig. 1 to 6.

4.2.1. Average weight ()

The initial body weight among the experimental groups varied from
6.02+0.02g to 6.22+0.08g; whereas the final weight varied from 13.50+0.73g to
16.48+0.839.The highest average weight (g) at the end of the experiment on 60™
day was observed in T2 (16.48+0.83g) and the lowest average body weight (g) was
observed in T5 (13.50+0.73g). Descriptive statistics for final body weight is provided
in table 4. There were no significant difference (p>0.05) observed for final average
weight in all the treatments as evident from the Tukey’s Kramer plot provided in
Fig.5.Fig-1 provided below suggests that final weight of fishes in the different

treatment was normally distributed.
4.2.2. Average length (cm)

Average length (cm) of Anabas testudineus was recorded initially at O day
and at the end of experiment on 60" day. The initial length of fishes among the
experimental groups varied from 6.55 £ 0.08 cm to 7.01 £ 0.09 cm, whereas the
final length varied from 8.20+0.15 cm to 9.04+0.17 cm. The highest final length (cm)
was found in T3 (9.04+0.17 cm) and the lowest body length (cm) was observed in
T5 (8.20+£0.15) treatment.As represented in Fig.-6, treatment (T5) occupied a
different tukeys kramer grouping to the control (T1) and various treatments (T2,T3
and T4).Final length of the fishes in the different treatment had near to normal

distribution as represented in Fig- 2.
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Table 4.Descriptive statistic of final length and body weight

Trait Treatment N Mean + SE SD Min Max CcVv
T1 45 8.82+0.15 1.03 6.90 12.40 11.63
Final T2 45 8.91+0.15 1.02 6.80 10.70 11.45
length T3 45 9.04+0.17 1.12 6.60 11.50 12.45
T4 45 8.58+0.14 0.97 6.60 10.40 11.34
T5 45 8.20+0.15 0.98 5.90 10.20 11.97
T1 45 15.81+0.72 4.80 7.64 26.12 30.38
Final body T2 45 16.48+0.83 5.54 7.25 29.48 33.65
weight T3 45 16.01+0.94 6.30 6.29 36.36 39.37
T4 45 13.87+0.68 4.59 5.00 22.57 33.06
T5 45 13.5040.73 4.89 5.00 25.85 36.22
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Table 5. Different Growth traits of Anabas testudineus juveniles reared in ISW at different

salinity level for the period of 60 days

Traits/ Initial length(cm) | Final length(cm) Initial body weight(g) Final body weight(g)
Treatments

T1(Oppt) 6.780.09% 8.82+ 0.15" 6.21+0.072 15.81+0.722
T2(3ppt) 7.01+0.09" 8.91+ 0.15° 6.02+0.02? 16.48+0.832
T3(6ppt) 6.56+0.112 9.04+ 0.17° 6.05+0.02% 16.01+0.942
T4(9ppt) 6.55+0.08% 8.58+ 0.142b 6.18+0.10% 13.87+0.682
T5(12ppt) 6.62+0.102 8.20+ 0.152 6.22+0.082 13.50+0.732

Values are expressed as Mean + SE.

n = 3; Mean values in each column with different superscripts differ significantly (p <0.05).
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BW2 Tukey Grouping for LS-M eans of Treatment
(Alpha = 0.01)

L S 'means covered by the same bar are not significantly different.

Treatment Estimate
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Fig-5; Turkey Kramer grouping plot of Final body weight (BW2)
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Fig-6; Turkey Kramer grouping plot of final length (TL2)
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4.2.3. Weight Gain (g)

Weight gain (g) has been presented in table.6 for all the treatments. The
lowest Weight gain was recorded in T5 treatment (109.09+1.38g), which is
significantly different (p>0.05) from T1, T2 and T3, but there were no significant
differences observed between T4 and T5 (p>0.05).

4.2.4. Percentage Weight Gain (PWG)

Percentage Weight gain (%) has been presented in table.6for all the
treatments. Lowest PWG were recorded in T5 treatment (116.88+ 0.50), which is
significantly different (p>0.05) from T1, T2 and T3, but there were no significant
differences observed between T4 and T5 (p>0.05).

4.2.5. Specific Growth Rate (SGR) (%/day)

Specific growth rate has been presented in table.6 for all the treatments.
The highest SGR value was recorded in T2 (1.68+ 0.03), which is significantly
different (p>0.05) from T4 and T5, but there were no significant differences
observed between T1,T2 and T3 (p>0.05).

4.2.5. Feed Conversion Ratio (FCR)

The FCR values of the different experimental groups are shown in
Table.6.The highest FCR value was recorded in T5 (1.98+0.06), which is
significantly different (p>0.05) from T1, T2 and T3, but there were no significant
differences observed between T4 and T5 (p>0.05).

4.2.6. Protein Efficiency Ratio (PER)

The PER values of the different experimental groups are shown in
Table.6.The lowest protein efficiency ratio was found in T5 (3.22+ 0.04), which is
significantly different (p>0.05) from T1, T2 and T3,but there were no significant
differences observed between T4 and T5 (p>0.05).

4.2.5. Feed Efficiency Ratio (FER)

The feed efficiency ratio (FER) was found to differ significantly (p>0.05)
among the various treatment group (Table. 6). The highest FER value was recorded
in T3 (0.66+£0.01) and the lowest value was recorded inT5 (0.51+0.02).
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4.2.6. Survivality

No mortality was found in any of the treatment group during the
experimental period.
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Table 6.Growth, nutrient utilization and survival of Anabas testudineus juveniles reared in ISW at different salinity level
for a period of 60 days

Parameters Treatments

T1(0Oppt) T2(3ppt) T3(6ppt) T4(9ppt) T5(12ppt)
WG(g) 144.09+ 12.173%¢ 156.79+ 5.02° 149.47+ 11.242 115.39+ 6.27%* 109.09+ 1.38°
PWG (%) 154.55+ 11.643¢ 173.54+ 4.90¢ 164.83+ 12.72%¢ 124.64+ 7.57® 116.88+ 0.502
SGR(%/day) 1.55+ 0.06* 1.68+ 0.06° 1.62+ 0.06° 1.35+ 0.062 1.29+ 0.062
FCR 1.63+ 0.07® 1.58+ 0.032 1.51+ 0.022 1.81+ 0.04 1.98+ 0.06°
FER 0.62+ 0.03Pc 0.63+ 0.01° 0.66+ 0.01° 0.55+ 0.01% 0.5+0.022
PER 4.25+ 0.363° 4.63+ 0.15¢ 4.41+ 0.33¢ 3.40+0.18% 3.22+ 0.042
Survival (%) 100 100 100 100 100

Values are expressed as Mean * SE.

n = 3; Mean values in each row with different superscripts differ significantly (p < .05).
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4.3. Whole-body carcass composition and body indices
4.3.1. Whole-body carcass composition

The whole body carcass composition of all the experimental fishes in terms
of moisture, protein, lipid, total carbohydrate and ash at the end of the experiment
are given in Table-7,Fig;7-11. The proximate composition was found to be
significantly different (P<0.05) among the various treatment groups. The highest
moisture content was found in T3 group followed by T5, T4, T1 and T2 groups
respectively. The crude protein content was significantly higher (P<0.05) in T5as
compared to other treatments. The highest crude lipid value was found in T2 and
lowest value was recorded inT5. The highest ash content was found in T4and
lowest in T3 .Further, the highest total carbohydrate content was recorded in T1
followed by T3, T2, T4 and lowest value was recorded in T5.

4.3.2 Hepato-somatic index (HSI)

Hepato-somatic index of Anabas testudineus did not differ significantly
(p>0.05) among the different treatment groups during the feeding trial, signifying

that HSI was not significantly affected with the increase in salinity
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Table 7.Whole body proximate composition (on%wetweightbasis) and HSI of Anabas testudineus juveniles reared in ISW

at different salinity level for the period of 60 days

Trait/ Moisture (%) Crude protein (%) | Ether- extract (%) | Total ash (%) | Total carbohydrate (%) | HSI (%)
Treatments

T1 (0 ppt) 75.41+ 0.61% 13.32+ 0.36° 4.66+ 0.062 3.88+ 0.09c 2.73+0.13° 2.31+0.062
T2 (3ppt) 75.21+ 0.542 13.17+ 0.29° 6.20+ 0.17¢ 3.58+ 0.08P 1.84+ 0.102 2.35+0.042
T3 (6 ppt) 78.57+ 0.40¢ 11.29+ 0.332 5.49+ 0.08° 2.95+ 0.052 1.70+ 0.072 2.25+0.052
T4 (9 ppt) 77.48+ 0.41¢ 12.30+ 0.22% 451+ 0.152 4.17+0.10° 1.55+0.112 2.24+0.042
T5 (12 ppt) 77.67+0.06° 12.46+ 0.06%® 4.44+ 0.072 4.13+0.02¢ 1.55+ 0.092 2.22+0.052

Values are expressed as Mean + SE.

n = 3; Mean values in each column with different superscripts differ significantly (p <.05).
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4.4. Digestives enzyme activity

Digestive enzyme activities (amylase, lipase, and protease) were evaluated in
the intestine of Anabas testudineus at the end of 60 days period (Table 8).Among
the treatments, digestive enzyme activities were found to be higher in T4 and T5
groups except lipase.

4.4.1. Amylase

A significantly higher amylase activity was recorded in, TS5 (p<0.05) in
comparison to T1, T2 and T3 group, but there were no significant differences
observed between T4 and T5 (P>0.05) signifying that, amylase activity increases

with the increasing salinity.

4.4.2. Lipase

Lipase activity in intestine was not differed (p>0.05) among the different

treatment groups during the experiment.
4.4.3. Protease

Protease activity of different treatment groups have been presented in table
5 expressed as U/mg protein/min.A significantly higher protease activity was
recorded in, T4 (p<0.05) in comparison to T1, T2 and T3 group, but there were no
significant differences observed between T4 and T5 (P>0.05) signifying that,

protease activity also increases with the increasing salinity.
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Table 8. Digestive enzyme activities of Anabas testudineus juveniles reared in ISW at different salinity level for the
period of 60 days

Trait/ lAmylase ’Protease Lipase
Treatments

T1 (0 ppt) 1.53+0.012 1.53+0.072 0.230+0.0032
T2 (3ppt) 1.54+0.012 1.53+0.022 0.231+0.0032
T3 (6 ppt) 1.54+0.172 1.54+0.052 0.226+0.0032
T4 (9 ppt) 2.07+0.05° 1.89+0.08P 0.228+0.0032
T5 (12 ppt) 2.09+0.09P 1.87+0.03" 0.237+0.0032

Values are expressed as Mean + SE

n=3; Mean values in each column with different superscripts differ significantly (p < .05)
lAmylase activity is expressed in micromole maltose released/min/mg protein

’Protease activity is expressed in mill mole of tyrosine released/min/mg protein

SLipase activity is expressed in Unit/min/mg protein
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4.5. Enzymes of Oxidative stress
4.5.1. Superoxide Dismutase (SOD)

The SOD activity in gill and liver tissue of the different experimental groups
is shown in Table 9. The highest SOD activity in the gill tissue were recorded in T5
(5.53% 0.14, 50% inhibition of epinephrine auto oxidation/mg protein/min), which is
significantly different (p<0.05) from T1, T2 and T3, but there were no significant
difference observed between T4 and T5 (p >0.05). Similarly, in liver, the SOD
activity was found to be highest in T5 (4.90+ 0.10, 50% inhibition of epinephrine
auto oxidation/mg protein/min), which is significantly different (p<0.05) from T1, T2
and T3 , but there were no significant difference observed between T4 and T5 (p
>0.05).

mgill

H liver

SOD activity

T1-Oppt
T2-3ppt
Tl T2 T3 T4 5 T3-6ppt

Treatments T4-9ppt
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Fig-12: Superoxide Dismutase (SOD) activity (50% inhibition of epinephrine
auto oxidation/mg protein/min) in gills and liver of Anabas testudineus at the

end of 60 days of experimental period
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4.5.2. Catalase (CAT)

Catalase activity in gill and liver tissue of the different experimental groups
has been presented in Table 9. The highest Catalase activity in the gill tissue were
recorded in TS (2.16+0.06, nanomoles H>O> decomposed/min/mg protein), which is
significantly different (p<0.05) from T1, T2 and T3, but there were no significant
difference observed between T4 and T5 (P>0.05). Similarly, in liver, the Catalase
activity was found to be highest in T5 (8.15£0.04, nanomoles H2O>
decomposed/min/mg protein) ,which is significantly different (p<0.05) from T1, T2
and T3 but there were no significant differences observed between T4 and T5
(P>0.05) signifying that CAT activity increases with the increasing salinity.
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Fig-13: CAT activity (nanomoles H,O, decomposed/min/mg protein) in gills

and liver of Anabas testudineus at the end of 60 days of experimental period
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4.6. Enzymes for protein metabolism in serum
4.6.1. Serum Glutamic Oxaloacetic Transaminase/ Aspartate
Transaminase (SGOT/AST)

The SGOT level in serum of the different experimental groups has been
presented in Table-9.A significantly higher serum GOT activity was recorded in T5
(38.22+0.46) in comparison to T1, T2 and T3 (p<0.05), but there were no significant
difference observed between T4 and T5(p>0.05).

4.6.2. Serum Glutamic Pyruvic Transaminase/ Alanine Transaminase
(SGPT/ALT)

The SGPT level in serum of the different experimental groups has been
presented in Table-9. Significant differences (p <0.05) were recorded among the
different treatment groups.Serum GOT level was found highest inT5 (100.31 +0.59
nmol/min/ml) and lowest in T1 (70.96 =0.83 nmol/min/ml), signifying that ALT

activity increases with the increasing salinity.
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Table 9.0xidative stress and protein metabolism enzymes of Anabas testudineus juveniles reared in ISW at different

salinity level for the period of 60 days

Trait/ SOD liver SOD gill CAT liver CAT gill ALT AST
Treatments

T1 (0 ppt) 4.02+0.112 4.69+0.042 7.53+0.122 1.53+0.082 70.96+0.832 28.54+ 0.802
T2 (3ppt) 4.03+0.102 4.73+0.132 7.56+0.012 1.54+0.052 78.66+0.33P 30.57+ 1.412
T3 (6 ppt) 4.07+0.092 4.77+0.012 7.59+0.022 1.55+0.06° 84.21+0.55° 30.93+ 0.962
T4 (9 ppt) 4.86+0.11° 5.49+0.17° 8.05+0.01° 2.11+0.11° 92.78+2.19¢ 35.68+ 0.28P
T5 (12 ppt) 4.90+0.10° 5.53+0.14° 8.15+0.04° 2.16+0.06" 100.31+0.59¢ 38.22+ 0.46°

Values are expressed as Mean + SE.

n = 3; Mean values in each column with different superscripts differ significantly (p <.05).

"SOD activity is expressed as 50% inhibition of epinephrine auto oxidation/mg protein/min
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"Catalase (CAT) activity is expressed as nanomoles H202 decomposed/min/mg protein

"ALT and AST activity is expressed as nmol/min/m|
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4.7. Osmolality
4.7.1. Water osmolality

Water osmolality were found to be significantly different (p<0.05) among the
various treatment groups.Water osmolality was found lowest in T1 (36.00+1.53) and
increases with increase in salinity having highest water osmolalityat TS5 (354.33%
2.03). (Table-10)

4.7.2. Serum osmolality

Highest serum osmolality were recorded in T2 treatment (342.00%+ 2.31),
which is significantly differed (p < 0.05) from T4 and T5, but there were no
significant difference observed between T1, T2 and T3treatment (p >0.05). (Table-
10)
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Table 10.0smolality traits of Anabas testudineus juveniles reared in ISW at different salinity level for the period of

60 days

Trait/ Water osmolality(WO) Serum osmolality(SO) Osmoregulatory capacity(OC)
Treatment

T1 (0 ppt) 36.00+1.532 336.67+ 7.622 300.67+ 6.12¢

T2 (3ppt) 106.00+1.73° 342.00+ 2.312 235.00+ 2.08¢

T3 (6 ppt) 167.67+1.45¢ 329.33+ 3.182 161.67+ 2.85¢

T4 (9 ppt) 283.33+1.86¢ 305.67+ 3.53° 22.33+ 5.24°

T5 (12 ppt) 354.33+2.03¢ 264.33+4.37¢ -90.00+ 2.892

Values are expressed as Mean + SE.

n = 3; Mean values in each column with different superscripts differ significantly (p <.05).

Osmolality traits are expressed as mmosmol/kg
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different salinity level for a period of 60 days
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4.8. Haematological parameters

Haematological parameters in terms of haemoglobin, haematocrit, RBC and
WBC showed declining trend with increasing salinity (T2 to T5) and the difference
among the treatments were significant (p<0.05). The highest haemoglobin content
was found in T2 treatment followed byT3, T1, T4 and T5.The haematocrit value of
the fishes were significantly (p<0.05) higher in T2 group, compared to T1, T4 and
T5, but there were no significant difference observed between T2 and T3
(p>0.05).The red blood cells count were significantly higher (p<0.05) in T2 group,
compared to T4 andT5 and there were no significant difference observed between
T2 , T1 and T3(p>0.05).Further, the highest WBC count was recorded in T2 group

followed byT3,T1 and T4 and lowest count was recorded in T5.

4.9. Stress parameter

4.9.1. Serum glucose

Serum glucose level of the different experimental groups is given in Table
no. 11. Serum Glucose level was found to be highest in T3 (89.37+1.63 g/dL) group,
which is significantly similar (p>0.05) to T1, T2 and T4 and lowest serum glucose

level were found in T5.

4.9.2. Serum total protein

Serum total protein level of the different experimental groups is given in
Table no.11. Serum glucose level was found to be highest in T2 (3.71+ 0.06), which
is significantly similar (p>0.05) to T1 and T3. The lowest value was observed in T5

and significantly similar (p>0.05) to T4.
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Table 11. Haematological parameters of Anabas testudineus juveniles reared in ISW at different salinity level for the
period of 60 days

Trait/ Haemoglobin Hematocrit RBC (x10%ul) | WBC (x10%/ul) | Serum total protein | Serum glucose
Treatments (mg/dl) (%) (g/d) (g/d)
T1 (0 ppt) 10.37+ 0.20P 32.43+ 1.36° 3.16+0.10% | 146.43+ 4.56° 3.66+ 0.05¢ 88.35+ 2.39°
T2 (3ppt) 11.00+ 0.31° 36.53+ 0.68° 3.36+0.11°¢ | 151.03 + 3.32° 3.71+ 0.06° 87.63+ 2.65%
T3 (6 ppt) 10.40+ 0.15P 33.33+ 1.10b° 2.92 +0.07° | 148.47+0.72P 3.52+ 0.05b° 89.37+ 1.63%
T4 (9 ppt) 8.60+ 0.172 27.60+ 0.152 2.64+0.06%® | 126.20 + 2.122 3.38+ 0.05% 84.12+ 1.24%
T5 (12 ppt) 8.27+0.092 27.13+1.012 2.52+0.032 | 119.27+ 4.442 3.22+ 0.042 80.00+ 0.832

Values are expressed as Mean + SE.

n = 3; Mean values in each column with different superscripts differ significantly (p <.05).
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5.0. DISCUSSION



5. DISCUSSION

5.1. Physico-chemical parameters of Water

The physio-chemical parameters of water are very crucial factor for the aquatic
animals as the animals are directly or indirectly dependent on the environmental
condition to maintain their physiological homeostasis. In present study, the
physiochemical parameters of water such as temperature, pH, dissolve oxygen,
ammonia, total hardness, total alkalinity and nitrite-N were found within the optimum
range for fish culture at low salinity in inland saline aquaculture system. Among the
different physio-chemical parameters of water, temperature plays a vital role to
maintain the metabolic activity in poikilothermic fish. The optimum range of temperature
for rearing of warm water fish varies from 26-30°C (Boyd, 1990; Widiyati et al., 2019).
In the present experiment temperature was maintained within the optimal range of
28.5 to 30.0°C.The optimum range of pH value for koi culture ranges from 6-9
(Widiyati et al., 2019). In this experiment pH value during the trial ranged from 7.39 to
7.84, which is within the prescribed limit. Total alkalinity (mg CaCOs I'1) value in the
experiment ranged from 126.0 to 213.50, an increasing trend with rising salinity. This
may be due to rising concentration of bicarbonate anions in the water with increase in
salinity of water. Santhose and Singh, 2007 reported that the ideal value of total
alkalinity for fish culture is in the range of 50-300mg/I. The total hardness of the water
increased from 178.75 mg/l to 3093.75 mg/l as the salinity of the rearing medium was
raised. Total hardness can be defined as the concentration of divalent cations in
water also expressed as CaCO3. Calcium and magnesium are the most dominant
divalent cations in natural waters (Boyd et al., 2016). Higher value of hardness as
observed in this experiment is attributable to enhanced concentration of two most vital
divalent cations such as calcium and magnesium in water of high salinity. In the
present experiment, TAN was found to range from 0.52 to 1.52 mg/Il. TAN level in
the water was found to be increased at higher salinity. Anabas testudineus is
capable of active ammonia excretion, hence it is expected that it will also have
extraordinarily high tolerance of environmental ammonia (Tay et al., 2006). It has
been reported earlier that A. testudineus, reduces ammonia excretion and
simultaneously accumulated certain amino acids, presumably for cell volume

regulation, during a progressive increase in salinity. However, after long term
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acclimation to seawater, tissue amino acid concentrations returned to normal, and
there was a significant increase in ammonia excretion instead (Chang et al., 2007).
Stone and Thomforde, 2004 reported that the desirable limit of nitrite is 0-1 mg/l for
fish culture. In the present study, the nitrite value falls within desirable range. The
water ions viz Ca®* (39.75-299.00 mg/l), Mg?* (8-556 mg/l), Na* (19.70-3540 mg/l)
and K+ (3.72-16.73 mg/l) concentrations during the present experiment were within
range of characteristics of ISW as described earlier by various authors (Rahman et
al., 2005, Raizada et al., 2005, Jain et al., 2007, Raizada et al., 2015, Reddy and
Harikrishna, 2014).

5.2. Growth and nutrient utilization Anabas testudineus

Salinity had no significant effect on the final body weight of the fishes, which
indicates the ability of A. testudineus to tolerate brackish water conditions which is
supported by previous finding, where it has been reported to be naturally present in
brackish water environment (Jayaram, 1981). However, our findings contrast with
the findings of Nahar et al., 2016 who reported a significant effect of salinity on the
growth of A. testudineus reared for a period of 60 days. The difference in the
observation may be explained in the light of differences in the salinity acclimation

protocol and the size of the fish selected for experiment.

In the present study, best FCR was recorded at T3 (6 ppt) which differed non
significantly from T1, T2 and T3 (p>0.05). In higher salinities(9 and 12ppt) FCR is
high, which may be due to increased energetic cost for osmoregulation following
salinity exposure, inducing fish to consume more feed to derive energy for
maintaining other physiological functions (Rahman et al., 2020). Similar findings
were also reported by Nahar et al.,2016 for Anabas testudineus. Several growth
traits such as Specific growth rate, weight gain shows maximum value at T2
treatment (3ppt) and there were no significant difference (p>0.05) observed
between T1 (Oppt), T2 (3ppt) and T3 (6ppt) treatments. Kelly and Woo, 1995
reported that in freshwater condition fish has to spend a certain amount of energy to
compensate the salt loss during passive diffusion, so providing mild saline water will
reduce the energy expenditure and consequently promotes the growth of fish.
Consistent with the present study, Altinok and Grizzle, 2001 also showed that two

stenohaline freshwater species, such as Channel catfish and goldfish have the

67



highest specific growth rates, most efficient feed conversion ratio and energy
absorption efficiency in mild saline water compared to freshwater. Dubey et al.,
2015 reported that A. testudineus shows highest SGR, Weight gain and percentage
weight gain at 5ppt salinity and different indexes of growth were not significantly
affected up to salinity exposure of 5ppt. Imanpoor et al., 2012 also found that upto
6ppt salinity various biometric indexes of goldfish i.e. SGR, WG, FCR were not
significantly affected (p>0.05). Highest Feed conversion efficiency was recorded at
T3 (6ppt) and there is no significant difference observed between T2, T3 and T4 in
comparison to T1 (p>0.05). Otto, 1971 reported that Oncorhynchus kisutch growth
rate, feed intake and feed conversion efficiency shows the highest value at salinity
of 5to 10ppt.

5.3. Survival rate

Stickney 1979, stated that the survival rate of fish against salinity stress
completely depends on the quick adaptive ability of fish body fluid ionic
concentration with the surrounding environment. W hen fish are in stress they try to
tolerate the changes of plasma osmolality and body fluid ionic concentrations with
respect to the surrounding environment and mitigate the stress. In present study
100% survivality was observed up to 12 ppt, which is supported by the findings of
Besra, 1997 who reported that Anabas testudineus fingerlings (6-10 g) could
withstand 2.5 to 10 ppt saltwater without mortality. Zahari et al., 2018 also reported
that Anabas testudineus can tolerate salinity up to 15 ppt. Chang et al., 2007 in a
short term study of 6 days have also reported the ability of A. testudineus to tolerate
saline water of 30 ppt. Ability to survive under extreme environmental conditions
might have been acquired evolutionarily along with their ability to leave without
water. Some of the fresh water fishes such as koi carp shows 100% survival rate
up to 12 ppt salinity (Sharma et al., 2017), and similar result also found in case of

goldfish and crucian carp, up to 16 ppt salinity (Kuguk, 2013).
5.4. Whole body composition

The proximate composition of fish is mainly influenced by several factors like
seasonal, environmental and biological variations (Desai and Singh, 2009; Tao et

al, 2012).Several environmental factors like salinity, temperature and pH directly or
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indirectly affects the whole body carcass composition of many fishes and the results
of the present experiment correlated with some of the previous studies that, salinity
truly can affects the proximate composition of fish(Fallah et al., 2013; Jalali et al.,
2013; Kumar et al.,, 2016;singh et al.,2019).In the present study, moisture
content(%) of the raw fish ranges from 75.21 + 0.54 to 78.57 + 0.40,which is more
or less similar to the findings of Chowdhury et al.,2014; where they found the
moisture content (%) of Anabas testudineus ranged from 65.28 + 0.002 to 79.29 +
0.005. On the other hand, in this present experiment highest moisture content was
found in T3 (6 ppt) group followed by T5 (12 ppt) ,T4 (9 ppt),T1 (0 ppt) and T2 (3
ppt) group respectively i.e. higher moisture content were found in higher salinities(6,
9 and 12 ppt), which might be correlated with fact that A. testudineus starts drinking
more water to compensate the body water loss due to dehydration at higher
salinities. Marine or seawater acclimatized fish counteract the osmotic loss of water
by drinking lots of water and their guts play a vital osmoregulatory role in water
absorption. The present findings is also supported by previous research carried on
Amur carp (Singh et al., 2019) and Mugil cephalus (Barman et al., 2005).The lipid
content (%) of the raw fish ranged from 4.44+0.07 to 6.20+0.17, which is more or
less similar to the findings of Chowdhury et al., 2014; where they found the lipid
content (%) of koi to range from 2.86 + 0.007 to 6.47 = 0.009. In the present study,
lipid content decreased in higher salinities. It is well known fact that, lipid content in
fish is inversely proportional to moisture content (Shearer, 1994). Furthermore,
higher moisture content will result in lower lipid deposition in the body muscle or
vice versa. Decreasing level of lipid at higher salinities (6, 9 and 12 ppt) indicate that
Anabas testudineus need more energy for sustaining at higher salinities. Singh et
al., 2019 reported that at higher salinities the lipid content of Amur carp showed
declining trend which is corroborating with the results of present study. Jarvis and
Ballantyne, 2003 also reported that the crude lipid of short nose sturgeon decreased
with increasing salinity indicating that at higher salinities fish utilize the lipid as a
source of energy for maintaining the internal body homeostasis compared with the
surrounding environment.

In this present study, the protein content (%) of the raw fish ranged from 11.29+0.33
to 13.32 £ 0.36, which is more or less similar to the findings of Chowdhury et al.,
2014 and Paul et al.,, 2017, where they found the protein content of Anabas
testudineus to vary from 12.25 + 0.001 to 18.62 + 0.004. At high salinity exposure,
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rate of protein degradation far exceeds the rate of amino acid catabolism in A.
testudineus (Chang et al., 2007). They also reported that salinity exposure had a
higher energy demand, and postulated that this was compensated through
increased amino acid catabolism, releasing carbon chains that could be channelled
into the tri carboxylic acid cycle for ATP production. Amino acid accumulated in the
process serves as osmolytes for dealing with hyper-osmotic environment. This
explains the low crude protein percentage value observed in this experiment at
higher salinities. Bhanu and Deepak, 2015 reported that in higher salinities fish liver
suffers damage and hence the rate of synthesis of protein is affected, which
supports the results obtained in our study. Further, the ash content (%) of the raw
fish ranges from 2.95 = 0.05 to 4.17 £ 0.10, which is more or less similar to the
findings of Paul et al., 2017; Chowdhury et al.,, 2014. In the present study ash
content of Anabas testudineus shows higher in higher salinities, which might be
attributed to the higher deposition of ions and minerals in the muscle and bones of
fishes reared at high salinity. Similar finding was reported by Singh et al., 2019 in
Amur carp reared at different salinities (0, 5,10 and 15 ppt).

5.5. Digestive enzyme activity

Analysis of intestinal enzyme activity can be used as a way to reflect the
process of digestion and nutritional condition of fish in different environmental
conditions (Barman et al., 2005; Bolasina et al., 2006).In teleosts, several studies
already reported that intestinal enzyme activity changes with the environmental
salinity (Bolasina et al.,, 2007;Gheisvandi et al.,2015).In present study, high
digestive enzyme activity observed at higher salinities(9 and 12ppt) compared to
T1(0 ppt),this increase in digestive enzyme activity at higher salinities may be a sign
of activities related to osmotic regulation (Boeuf and Payan, 2001). Furthermore,
increased energy requirement for osmotic regulation following stress in the
environment causes changes in the physiological process for maintaining energy,
such as an increase in the digestive enzyme activity for food digestion and
absorption thereof (Boeuf and Payan, 2001; Psochiou et al., 2007). Similar findings

were reported by Gheisvandi et al., 2015 for Caspian kutum.
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5.6. Enzyme for oxidative stress

Superoxide dismutase and Catalase activity play a significant role to protect
cells against H202 production (Karadag et al., 2014). In the present study, the
higher SOD and CAT (gill and liver) activity were observed at higher salinities (9
and 12ppt), which indicates that a number of physiological disorders occurred in the
A testudineus. However, fish at T3 (6ppt) showed no difference in antioxidant
enzyme activity relative to the T1 (Oppt), suggesting that A. testudineus has the
potential to tolerate certain level of salinity (Nahar, 2015). Similar results were also
found in case of tilapia, where SOD and CAT activities were higher in 16ppt and
24ppt compared to 8 and 0 ppt (Wang et al., 2008; Gan et al., 2016).

5.7. Enzyme for protein metabolism

ALT and AST, mainly found in hepatocytes and cardiomyocytes of fish and they
are known play a significant role in protein metabolism (Fazio et al., 2014). In
present study Plasma ALT and AST concentrations increased significantly with
increase in salinity from O ppt to 12 ppt. When faced with liver tissue destruction due
to oxidative damage caused by increased metabolic rates under stress, ALT and
AST concentrations would also increase because of their role in initial amino acids
compensation that the body needs due to changed physiological needs and energy
demands (Ebeid et al., 2005). Stress induced by different husbandry processes may
elevate the internal oxidizing effort towards membrane permeability that increases
the fluxes of ALT and AST enzymes into the blood stream (Bahjat and Shaban,
1985). Mahmoud et al., 2013 reported that ALT and AST activity of goldfish
increases when fish transferred from freshwater to saline water. Akhtar et al., 2014
also reported enhanced AST and ALT level in muscle and liver of Labeo rohita
fingerlings exposed to salinity stress. Transfer of Tilapia from freshwater to
seawater for two weeks lead to a significant increase in AST and ALT activities in
liver which was explained to be associated with the destruction of liver protein
destruction and energy demand (Vijayan et al., 1996). Sultan, 2007 reported that
plasma ALT and AST concentration of Acanthopagrus latus juveniles increased with

increasing salinity.
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5.8. Osmolality traits

In the present experiment, Water osmolality was found to be significantly
different (p < 0.05) among the various treatment groups which is expected as the
ion concentration in water will increase, its osmolality would also increase.
Osmolality is defined as the concentration of the substance in 1 L of water divided
by its molecular weight (Sanders, 2009). But, serum osmolality exhibited declining
trend with increase in salinity, which is in contrast with all the previous reports
where the salinity exposure was reported to increase osmolality of serum. At this
point of time we have limited evidence to supports our findings as reported here.
However, some of the studies have indicated that osmoregulatory mechanism in A
testudineus is quite different than that of other freshwater fishes. For example
reduced expression of Aquaporin in gut and increased expression in gill of A.
testudineus after exposure to saline water is contrary to the observation in other
fresh water fishes (Ip et al., 2013). Loong et al., 2012, reported that acclimation of
A. testudineus to seawater is mediated by the basolateral transport of sodium and
chlorides ions down the electrochemical gradient provided by Nka, coupled with the
apical export of cl” via protein channels and the paracellular extrusion of Na*. They
concluded that A. testudineus on exposure to high salinity utilise the same
mechanism as that of marine teleosts for the exclusion of various ions from entering
into body. Furthermore, there are anatomical differences in the gill (primary
osmoregulatory organ) of this species when compared to other fresh water fishes.
One of the gill arches of A. testudineus has lost most of the lamellae and functions
mainly as a gill shunt. As for the other gill arches, they are short, and have short
primary lamellae with small diameters. Furthermore, the secondary lamellae are
small (short/flat) with thick diffusion distances (Graham, 1997). As a result, the gills
of A. testudineus kept in freshwater have a much smaller gill area (centimeter
square): body mass (grams) ratio (0.39) (Hughes et al.,, 1973) than gills of water
breathing fishes (1.96-19.39; Graham, 1997). These differences in the ion
exclusion, ion excretion along with anatomical difference in gill structure may

account for reduced osmolality of serum as observed in this study for animals
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reared at high salinity. However, further study with respect to the concentration of
individual inorganic ions and organic osmolytes would be required to get a clear
understanding of the processes involved. Future long term experiment with
examination of serum osmolytes at short intervals would be helpful in delineating
the processes involved. In the present experiment, isosmotic point of A. testudineus
was 292 mOsm/kg. The isotonic salinity level was found to be 9.8 ppt, which is
similar to findings of De Boeck et al., 2000 for Oreochromis niloticus, and Farmer

and Beamish,1969 for Cyprinus carpio.
5.9. Haematological parameters

Haematological parameters can be considered as good indicators for
identifying the fish health condition and also guide the fish farmers as well as
biologists to interpret the physiological stress, which occur due to sudden changes
in the different environmental parameters such as temperature, salinity (Valenzuela
et al.,, 2007; Bhaskar&Rao, 1984).In the present study revealed that haematological
parameters such as HCT, Hb, RBCs and WBCs count decreases in higher
salinities(9 and 12ppt),these findings are in agreement with other researcher who
found a significant effect of salinity on different haematological parameters (HCT,
Hb, RBCs) in different species, which may be associated with osmoregulatory
dysfunction induced by high salinity levels (Fazio et al.,2013; Usha,2011; Soltanian
et al.,2016; Elarabany et al.,2017). Low HCT percentage value in fishes under
salinity stress, could be attributed by reduced volume of red blood cells, which is
due to osmotic changes caused by ion leakage from the plasma (Alwan et
al.,2009).White blood cells count in fishes is a good indicator of physiological
stress(Svobodovéa et al.,2001). Lower white blood cells count in higher salinities,
could be attributed by the weaker defence mechanisms (immuno-suppression) of
fishes in new environment. Similar finding were reported by Fazio et al.,, 2013 for

mullet and by Hilali and Al-Khshali, 2016 for common carp.

Blood glucose level in serum or plasma can be used as a stress indicator in fish
and gives us idea about the adaptability of fish in different environmental condition
(Yin et al., 1995).In present study serum glucose level decreased in higher salinity
(9 and 12ppt), which might be due to higher rate of glycogenolysis to meet high

energy requirements for osmoregulation (Vijayan et al., 1996; Kavya et al., 2016).
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Liver is the main site for glycogen/glucose turnover in case of fishes, during osmotic
adaptation in higher salinities liver metabolism may be enhanced to ensure that
glucose remains available as fuel for other metabolic and osmoregulatory tissues
like gills and kidney (Vijayan et al., 1996). Similar findings were reported by Fazio et
al., 2013 for mullet and Imanpoor et al., 2012 for gold fish.

Serum total protein is a nonspecific immune variable and gives a good idea
about the immune potential of fish in different environmental conditions (Yilmaz and
Ergln, 2012). In the present study, total protein was significantly lower at 9 and 12
ppt salinity group compared to the T1 (0 ppt), it might be due to fish using plasma
protein as a source of energy to mitigate the osmoregulatory stress. Chang et al.,
2007 reported that A. testudineus exposed to progressive increase in salinity
adapted to this situation through argininolysis or purine catabolism followed with
uricolysis. Carbon chains generated during the process would enter the citric acid
cycle leading to production of ATP. Similar findings were reported by Elarabany et

al., 2017 for Nile tilapia, by Kelly and W00,1999 for sea bream.
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6. SUMMARY

Salinization and water scarcity are the most severe constraints confronting
sustainable agriculture production systems in semi-arid and arid regions. A variety of
aquatic crustacean and finfish species have been reared in inland saline water
around the world as well as in India, to explore the potential of their culture in inland
saline water.However in India, at commercial scale the technology for the rearing of
L.vannmaei using amended inland saline water has only been adopted. L. Vannamei
farming, though demonstrated to be highly profitable, has inherent problems such as
the requirement of large infrastructure and massive investment, making it difficult for
the resource-poor farmers to adopt the technology. On the other hand,diversification
of aquaculture in the inland saline and alkaline areas, which is not suitable for
agriculture, would create employment and livelihood opportunities for the farmers of
the region. In such a scenario, culture of air-breathing fish Anabas testudineus, also
known to exhibit salinity tolerance, could be a suitable option for farmers of the
inland saline region. Anabas testudineus commonly known as Koi or climbing perch
is a tasty fish with high consumer demand. Shorter life cycle, faster growth rate,
omnivorous feeding habit, highly nutritious food value, hardy nature, and tolerance of
adverse environmental conditions makes this species a good option for aquaculture
diversification in inland areas. Information regarding growth, survival and
physiological response of this species in ionically imbalanced inland saline water is
not available. Keeping this in view, the present study was planned to evaluate the
growth, survival, and physiological response of Anabas testudineus in inland saline

water of varying salinity for the period of 60days.

A. testudineus fingerlings equally distributed under five different salinities (T4,
0 ppt; T2, 3 ppt; Ts, 6 ppt, T4, 9 ppt and Ts,12 ppt) in triplicates following complete
randomized design (CRD). A total of 225 fishes were distributed into 15 groups
according to treatments and were assigned randomly to 15 different FRP tanks of
300 litres capacity.During the experiment, water quality parameters such as
dissolved oxygen, temperature, pH, alkalinity, hardness, ammonia, nitrite and salinity
were recorded once in a week.Proximate analysis of the diet and carcass tissues
was done by standard methods (AOAC, 2006). The growth parameters were

measured for each treatment such as standard length (mm), weight (g), length gain
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(cm), weight gain (%) and specific growth rate (SGR) over the time of observation
from the start of experiment. At the end of the experiment, fishes in each tank were
counted and the survival rate (%) was calculated. Samples for haematological
parameters, digestive enzymes such as amylase, protease, lipase activity and
metabolizing enzymes such as AST and ALT were collected on the final day of the
experiment. The serum and water osmolality (mOsm/kg) were measured using a
cryoscopic osmometer. Oxidative stress enzymes such as SOD and Catalase were

analysed using standard protocol.

No mortality was observed in any of the treatments during the course of
experiment, indicating the excellent salinity tolerance ability of the species. Apart
from this we also observed that inland saline water of salinity up to 12 ppt had no
significant effect on the growth of A. testudineus during the experimental period.
However, feed utilisation was affected by the increased salinity level of the culture
medium. Highest feed conversion efficiency (FCE) and lowest food conversion ratio
(FCR) was found in T3 (6 ppt), which differed significantly from the treatment T4 (9
ppt) and T5 (12 ppt). Salinity also had marked effect on the proximate composition of
A. testudineus. High moisture content (%) observed in T3 followed by Ts, T4, T1 and
T> group respectively. The highest crude lipid was recorded in T2 and lowest value
was recorded at T5. Crude protein content was significantly (p<0.05) higher in T5 as
compared to treatments Tl and T2. The highest and lowest ash content was
recorded at T4 and T3 respectively. Digestive enzymes especially amylase and
protease activity was high in higher salinities i.e.T4 and T5 compared to T1.
Oxidative stress enzymes like SOD and CAT activities were also found higher at
higher salinities i.e. T4 and T5 compared to T1,indicating that animals reared at high
salinity suffered significant oxidative damage. Protein metabolic enzymes (ALT and
AST) levels were found to be higher at higher salinities (T5 and T4). This may be
due to damage to liver cells induced by salinity and its consequent leakage into
blood stream. Further, as the salt concentration of the rearing medium increased, as
expected its osmolality also increased. However, on contray to all the previous
findings in fresh water fishes, the serum osmolality of A. testudineus decreased with
increase in the salinity of rearing medium. Isoosmotic point of serum was calculated
to be 292 mOsm/kg and the isotonic salinity was calculated to be 9.8 ppt.

Haematological parameters such as haemoglobin, haematocrit value, RBCs and
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WBCs count were significantly affected (p < 0.05) at higher salinities (T4 and T5)
compared to T1.

Hence, the present study provides an insight that, saline water of up to 12 ppt
salinity has no significant effect on growth and survival of A. testudineus, however
salinity above 6 ppt does have a significant effect on feed utilisation and various
physiological parameters related to well being of the fish. Under such scenario, A.
testudineus can be considered as an ideal species to promote in inland saline region
up to a salinity of 6 ppt. Future studies should focus on supplementation of various
osmolytes and anti stressing agents in diet to ameliorate the effect of salinity
exposure on various physiological parameters of A. testudineus. Future studies
should also focus on quantifying the various organic and inorganic osmolytes under

different salinity exposure systems such as chronic and acute.
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Dry Matter

2,4- dinitrophenylhydrazine

Di-nitro salicylic acid

Dissolved Oxygen

Ether Extract



et al.
FAO
FCR
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H>SO4
HCI
ICAR
kg
KMnOg4
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mM
MMT
Mt

N2
NaOH
NHs-N
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NO2-N
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PER
POa4
NADPH

And others

Food and Agricultural Organisation
Feed Conversion Ratio

Feed Efficiency Ratio

Feed Intake

Gram

Gram per Kilo gram

Hydrogen Peroxide

Sulphuric acid

Hydrochloric acid

Indian Council of Agricultural Research
Kilo gram

Potassium permanganate

Litre

Per milli gram protein per minute
Milli gram per litre

Millilitre per Kilo gram

Millimetre

Milli Mole

Million Metric Tonnes

Metric ton

Nitrogen

Sodium Hydroxide
Ammonia-Nitrogen

nanometre

Nitrite-Nitrogen

Organic Matter

Protein Efficiency Ratio
Phosphate

Nicotinamide adenine dinucleotide phosphate



S.E
SGR
SOD
GnRH
T1

T2

T3

T4

T5
U/mg protein/min
TCA

Standard Error

Specific Growth Rate

Superoxide Dismutase
Gonadotropin-releasing hormone
Treatment 1 (Oppt)

Treatment 2 (3ppt)

Treatment 3 (6ppt)

Treatment 3 (9ppt)

Treatment 3 (12ppt)

Units per milli gram protein per minute

Tri carboxylic acid

wiv Weight by volume

WG Weight Gain

ppt Parts per thousand

FAO Food and Agriculture Organization
TAN Total Ammonia Nitrogen

NO2-N Nitrite-Nitrogen

Nm nano meter

pH Hydrogen Potential

SPSS Statistical Package for social Science
T Treatment

ISW Inland saline water



ANNEXTURE I

LIST OF USED CHEMICALS

i.  Winkler’s A solution (Manganous sulphate):
Dissolve 480g of MnSO4.4H>0 or 400g of MnS0O4.2H>0 or 364g of MNSO4.H>0
in 1L of distilled water.

ii.  Winkler’'s B solution (Alkaline potassium iodide):
Dissolve 500g of NaOH; 1509 of KI and 20g of sodium azide in 1L of distilled
water.
iii.  Standard sodium thiosulphate solution (0.025N or N/40):
Dissolve 6.205g of Na2S203.5H20 in 1L of distilled water.
iv.  Starch indicator:
Take 1g of starch in cold water, pour 200ml of boiling water in it and stir, then

add 0.1g of salicylic acid of 0.5g of NaCl or 0.5ml of formalin as preservative.

v. Phenolphthalein indicator:
Dissolve 5g of phenolphthalein in 50% alcohol and make the volume up to 1L.
vi. N/44 NaOH:
Dissolve 0.909g of NaOH pellets in distilled water. Make the volume up to 1L.
vii.  N/50 H;SOq:
Add 1ml of conc. H2SO4 in 35ml of distilled water. Take 1ml of the 1N H2SO4

solution into 49ml distilled water.

viii.  Methyl orange indicator:
Dissolve 5g of methyl orange in 1L of distilled water.
ix. Standard EDTA solution:
Dissolve 4g of sodium salt of EDTA and 0.1g of MgCl2.6H20 in 800ml of distilled

water. Dilute the solution to a volume of 1L.

X. Eriochrome Black T indicator:

Dissolve 0.1g of Eriochrome black T indicator in 20ml of ethyl alcohol.



Xi.

Xii.

Xiii.

Xiv.

XV.

XVi.

XVil.

XViil.

Phenol alcohol solution:

Dissolve 20g of reagent grade phenol in 200ml of 95% v/v ethyl alcohol.
Sodium nitropurisside:

Dissolve 1g of sodium nitropurisside in 200ml of distilled water.
Sulfanilamide solution:

Dissolve 5g of sulfanilamide in a solution of 50ml conc. HCland about 300ml
distilled water. Dilute it to 500ml.

N-(1-napthyl)-ethylenediamine dihydrochloride (NEDD) solution:

Dissolve 0.5g of NEDD in 500ml of distilled water.

Copper sulphate solution:

Dissolve 100mg of cupric sulphate pentahydrate in distilled water and make the

volume to 1L.

Hydrazine sulphate solution:
Dissolve 3.625g of hydrazine sulphate in distilled water and make the volume to
500ml.

Ammonium molybdate solution:
Dissolve 40g of reagent grade ammonium molybdate in 900ml of distilled water
and dilute it to 1L.

Stannous chloride solution:

Dissolve 2.5g of stannous chloride in 200ml glycerol.



ANNEXTURE il

LIST OF APPARATUS/INSTRUENTS

Spectrophotometer

Hanna Instrument

Cuvettes (Optil)

Test tubes (Borosil)

Flasks (Borosil)

Micropipettes (Physiocare Concept)
Burettes (Borosil)

D.O. bottles

Refrigerator

Beaker (Merck)

Measuring cylinders (Merck)
Droppers

Electronic balance

Digital compact scale (Atom A123)
Volumetric flask (Borosil)

Hot air oven

Muffle furnace

Automatic Microkjeldahl unit

Soxhlet apparatus

Vi
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