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GIFT juveniles reared in inland ground saline water of
medium salinity
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Ashutosh Dharmendra Deo?, Tincy Varghese?, Nazeema Shamna?,
Prasanta Jana(? and Gopal Krishna?

2Fish Nutrition, Biochemistry and Physiology Division, ICAR-Central Institute of Fisheries Education,
Mumbai, India; *Fish Genetics and Biotechnology Division, ICAR-Central Institute of Fisheries Education,
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ABSTRACT KEYWORDS
A 60-day feeding trial was conducted to study the effect of Dietary protein; growth;
varying levels of dietary protein on growth metrics, hemato- metabolic enzymes;

biochemical status, and metabolic responses of GIFT tilapia  haemato-biochemical status;
juveniles reared in inland ground saline water (IGSW) of 15 g/I. niand Ground Saline Water
A random distribution of 315 acclimated fish (avg. wt. 4.01 * (IGSW); GIFT juveniles
0.01 g, stocking density 15 fish/tank) was done in seven experi-

mental groups—20% (CP%°), 25% (CP?>), 30% (CP>°), 35% (CP>?),

40% (CP*°), 45% (CP*), and 50% (CP>°)—in triplicates following

a completely randomized design (CRD). Weight gain (WG),

metabolic growth rate (MGR), feed efficiency ratio (FER), and

protein growth rate (PGR) showed higher quadratic relations

(R* = 0.93, 0.96, 0.92, 0.90 respectively) with highest (P < 0.05)

values in the CP*® group. Protein efficiency ratio (PER) signifi-

cantly (P < 0.05) decreased with increase in dietary protein

levels. Higher (P < 0.05) quadratic relations of muscle and hepa-

tic AST (R = 0.71, 0.75) and ALT (R* = 0.77, 0.69) activities,

hemoglobin (Hb) content (R*> = 0.87), hematocrit (Hct), value

(R?=0.93), and red blood cell (RBC) count (R? = 0.88) were found

in groups fed higher levels of dietary protein than their lower

protein-fed counterparts. Muscle LDH and MDH activities were

the highest (P < 0.05) in CP?° and CP>° group respectively with

strong linear and quadratic relationships. The lowest (P < 0.05)

serum glucose level was found in the CP*° group. Second-order

polynomial regression analysis indicated that 41.85% dietary

protein is optimum with respect to growth metrics, nutrient

utilization, and metabolic status of GIFT tilapia juveniles in

IGSW of 15 g/I.

Introduction

Nutritionally balanced formulated feed is the most crucial factor for successful
aquaculture venture as it comprises 50%—-60% of the total operational cost. In
fish, dietary protein plays a pivotal role in supplying the adequate level of
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amino acids for somatic growth via synthesis of new tissue protein (Jana et al.
2021a). Besides, amino acids derived from the catabolism of protein undergoes
oxidation to provide energy for the osmoregulatory function and immunity in
fish (Talukdar et al. 2021). Protein is the most expensive nutrient in aquafeed.
Therefore, the use of excessive dietary protein not only raises the cost of feed
but also causes the quality of ambient water to deteriorate through excess
amino acid-derived ammonia excretion (NRC 2011). Thus, optimum dietary
protein level with balanced essential amino acids is essential to make the feed-
based aquaculture operation economically viable and environment friendly for
improving the growth and immuno-physiological responses of fish.

The growth of fish is correlated with feed intake, digestion, absorption, and
metabolism of nutrients; moreover, digestive and metabolic e ciency of fish is
directly influenced by the dietary protein content (Abdel-Tawwab et al. 2010;
Talukdar et al. 2020). In the liver of fish, new amino acids can be synthesized
via transamination reactions regulated by protein metabolic enzymes alanine
aminotransferases (ALT) and aspartate aminotransferase (AST) (Ranjan et al.
2018), which subsequently participate in the synthesis of new tissue protein for
growth. If su cient nonprotein energy sources (carbohydrate and lipids) are
not available for body maintenance, the newly synthesized amino acids—
preferentially glutamate—undergo catabolism to satiate the energy demand
concomitant with ammonia pollution into the environment at the cost of
growth (Gopan et al. 2020; Phulia et al. 2018). Increased ammonia excretion
via gills may also cause damage of gills and stress associated with high
metabolic energy needs, resulting in poor growth of the fish (Debnath et al.
2007). Moreover, as a result of stress-mediated hypoxic condition, pyruvate—
the end product of glycolysis—is catabolized by lactate dehydrogenase (LDH)
to lactate with conversion of coenzyme NADH to NAD™ for upholding the
cellular redox potentiality intended for compensating the high energy demand
(Murray et al. 2000). In fish, the activity of mitochondrial malate dehydro-
genase (MDH) remains lower due to stress interceded anoxia and nonavail-
ability of substrate for the oxidation-reduction process. However, in similar
condition cytosolic MDH with enhanced activity converts oxaloacetate to
malate, which produces glucose via gluconeogenic pathways for satisfying
the higher metabolic energy demand (Shamna et al. 2015). Therefore, cellular
or organ-specific LDH and MDH activities can be considered an impotant
biomarker of stress responses in fish, which may be arbitrated through either
nutritional (Talukdar et al. 2020) or environmental factors (Kumar et al. 2018).
Thus, optimum dietary protein levels with adequate amounts of nonprotein
energy sources can improve the growth of fish through optimizing the nutrient
metabolism.

Hematological and biochemical profiles are the useful indicators of fish
health condition (Bahmani, Kazemi, and Donskaya 2001; Hrubec, Cardinale,
and Smith 2000; Maita 2007). The hemato-biochemical parameters of the fish
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are a ected by several factors such as species, age, environmental condition,
and feed quality (Coada et al. 2012; Regost et al. 2001). As an excess level of
dietary protein is reported to negatively alter the hemato-biochemical indices
of fish (Kim et al. 2017), it should be optimized in the aquafeeds.

High growth rate, e cient feed conversion, ease of spawning, resistance to
diseases, and increased consumer preference have made tilapia the
world’s second-largest farmed species after carps (Dhar, Uddin, and Nielsen
2021; Winfree and Stickney 1981). It can tolerate a wide range of salinity up to
49 ppt (Bhujel 2000; Watanabe et al. 1988). However, growth performance and
survival is hampered over 32 ppt salinity (Watanabe, Kuo, and Huang 1985)
depending upon the life stages, although this is controversial (Barros et al. 2009;
Ranzani-Paiva and Silva-Souza 2004). At high salinity, there is a significant
increase in the metabolic rate, oxygen consumption, osmolality, ionic concen-
tration, and branchial Na*K*ATPase activity to reduce the growth and nutrient
utilization, reproductive function, and immunity of fish (Fiess et al. 2007;
Mohamed et al. 2021; Stickney 1986; Van Doan et al. 2019). Worldwide, salt
sodicity is a major concern that a ects nearly 400 million hectres of land areas,
and it is expected that 50% or more areas will also be a ected by 2050 (Jamil
et al. 2011; Partridge and Lymbery 2008). This massive area is not productive
for agri- or horticulture activities, and associated underground saline water is
not fit for human consumption. In this context, exploring the vast underutilized
IGSW (salinity 3-20 g/l in India) for aquaculture with enhanced fish produc-
tion can provide employment and livelihood generation (Aklakur 2017).
However, in contrast to brackish water and sea water, ionic imbalance (variable
concentration of Mg®* with high Ca®" and low K* ions) of IGSW (Aklakur
2017) can cause a pronounced e ect on growth and physiological homeostasis
of the cultured animals (Antony et al. 2021; Jana, Garg, and Patra 2004; Saoud,
Davis, and Rouse 2003). For successful cultivation of fish species in IGSW, the
GIFT strain of Nile tilapia (Oreochromis niloticus) can be ideal because of its
high growth rate and salinity tolerance. Winfree and Stickney (1981) reported
that tilapia requires 20%-56% dietary protein reared under di erent salinity
levels. Abdel-Tawwab et al. (2010) recommended 45% and 35% dietary protein
as optimum for fry and fingerlings of nile tilapia reared in freshwater condi-
tions. Siddiqui et al. (1988) and Shiau and Huang (1989) reported that 40%
protein is optimum for nile tilapia fingerlings reared at 10 and 40 ppt salinity.
Mohammadi et al. (2014) concluded that 29% protein is optimum for all male
nile tilapia fingerlings reared in inland saline water of 8 ppt salinity. Singha et al.
(2020, 2021) reported that 37.72%—-37.87% and 34.53%—35.35% dietary protein
is optimum for GIFT juveniles reared in low saline IGSW of 10 and 5 g/l
respectively.This information suggests that di erent culture conditions as well
as di erent salinity in the same culture area may a ect the dietary protein
requirements of the same fish at the same life stage. However, the information
about the impact of various dietary protein levels on nutrient metabolism and
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hemato-biochemical responses of GIFT juveniles cultured in IGSW of medium
salinity (15 g/1) is not available. In India during the summer, probably due to
higher evaporation rates, the predominant salinity in IGSW is 15 g/l salinity.
With this backdrop, the current study aimed to observe the e ect of graded
levels of dietary protein on the growth metrics, metabolism, and hemato-
biochemical responses of GIFT juveniles reared in IGSW of 15 g/l salinity.

Materials and methods
Procurement and acclimatization of experimental sh

The juveniles of GIFT were procured from RGCA, Andhra Pradesh, India, and
carefully transported to the Regional Center of ICAR-CIFE, Rohtak, India.
The fish were immediately stocked in a cement tank (4 m x2.5 m x1 m,
12,000 L capacity) containing freshwater with vigorous aeration and acclima-
tized for 15 days. Then slow addition of IGSW was done with raising 1 g/I
per day to achieve the final salinity of 15 g/l, where the fish were further
acclimatized for 15 days. During the entire acclimatization period in both
freshwater and saline water conditions, fish were fed with a commercial diet up
to satiation level twice a day (9:00 h and 18:00 h).

Experimental diet formulation and preparation

Commercially available purified ingredients were used for the formulation
(Table 1) of seven purified iso-caloric (400 kcal/100 g DE), hetero-nitrogenous
(20-50% CP), and iso-lipidic (6%) experimental diets with crude protein levels
of 20% (CP?°), 25% (CP?®), 30% (CP*), 35% (CP*), 40% (CP*°), 45% (CP*),
and 50% (CP>°). After weighing the desired quantity (Table 1), all the ground
ingredients except oils, choline chloride, betaine, BHT, Stay C, and the vita-
min-mineral mixture were mixed thoroughly with the requisite amount of
water to prepare a dough. The dough was then cooked for 25 min in a steam
cooker. After cooling, the rest of the raw materials were thoroughly mixed and
then mechanically pressed using a pelletizer to prepare pellets (2 mm dia).
After that, the pellet strands were air-dried and kept in an oven (42°C) over-
night to get a moisture level below 10%. Then the pellet strands were uni-
formly broken to adjust to the mouth size of the experimental fish, packed,
labeled, and carefully stored at 4°C until further use.

Diet proximate analysis

Proximate composition analysis of all the experimental diets (Table 1) was
done by following the standard protocols of AOAC (1995). Moisture levels of
all the diets were determined by hot air oven (Tulip Instrument, India) at



JOURNAL OF APPLIED AQUACULTURE (&) 5

Table 1. Formulation and proximate composition of the experimental diets fed to GIFT juveniles
cultured in inland saline water of 15 g/I for the period of 60 days.

Diets (Experimental groups)’

Ingredients (%) cp® cp® cp*° cp* cp* cp® cp*°

Casein® (82% CP) 19.60 24.40 29.20 34.00 39.20 44.00 48.80
Gelatin® (95% CP) 4.90 6.10 7.30 8.50 9.80 11.00 12.20
Dextrin® 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Starch? 49.95 4395 37.95 31.95 25.45 19.45 1345
Cellulose? 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Fish oil® 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Sunflower oil* 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Vitamin-mineral mix’ 1.50 1.50 1.50 1.50 1.50 1.50 1.50
cmce 2.00 2.00 2.00 2.00 2.00 2.00 2.00
BHT’ 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Choline chloride? 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Betaine? 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Stay C® 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Total 100 100 100 100 100 100 100

Proximate composition (on dry weight basis)

Moisture (%) 8.54 8.50 8.54 8.61 8.52 8.27 8.40
Crude protein (%) 20.13 25.06 30.20 35.21 40.16 45.30 50.28
Ether extract (%) 6.08 6.13 6.07 6.09 6.04 6.09 6.08
Crude fiber (%) 513 5.16 5.19 5.31 529 5.18 5.07
Total ash (%) 247 248 243 2.57 248 2.66 2.63
NFE? (%) 66.19 61.17 56.11 50.82 46.03 40.77 35.94
GE'® (Kcal/100 g) 436.27 447.77 454.47 468.87 479.17 482.93 491.23
DE'" (Kcal/100 g) 400.00 400.09 399.87 398.93 399.12 399.09 399.60
P:E'? (mg protein/Kcal DE) 50.33 62.64 75.52 88.26 100.62 113.51 125.83

'CP? (20% dietary crude protein), CP? (25% dietary crude protein), CP*° (30% dietary crude protein), CP** (35%
dietary crude protein), CP*° (40% dietary crude protein), CP** (45% dietary crude protein), CP*° (50% dietary crude
protein).

2Ingredients procured from Himedia Pvt. Ltd., India; 3Procured from Sanofi India Ltd., India; “Purchased from local
retail shop, India.

5Composition of vitamin-mineral mixture (quantity/kg): Vitamin A 550,000 IU; Vitamin D3 110,000 IU; Vitamin B2
2,000 mg; Vitamin E 750 mg; Vitamin K 1,000 mg; Vitamin B6 1,000 mg; Vitamin B12 6 mcg; Calcium Pantothenate
2,500 mg; Nicotinamide 10 g;CholineChloride150 g; Mn 27,000 mg; | 1,000 mg; Fe 7,500 mg; Zn 5,000 mg; Cu
2,000 mg; Co 450 L-lysine 10 g; DL-Methionine 10 g; Selenium 50 ppm.

SCarboxymethyl cellulose, purchased Himedia Pvt. Ltd., India; "Butylated hydroxytoluene, purchased Himedia Pvt.
Ltd., India; BROVIMIX® STAY-C®35 purchased from DSM in Animal Nutrition and Health, India; 9Nitrogen free extract;
'%Gross energy; ''Digestible energy; '*Protein to energy ratio.

105 £ 3°C until a constant weight was achieved. Crude protein was estimated
by using Kjeltech analyzer (Pelican Instrument, India). Lipid content was
measured in a Soxhtech unit (Pelican Instrument, India). The crude fiber
(CF) content was estimated by Fibertech (Tulin Instrument, India) then
incinerated in a mu e furnace (Wisler & Tetlow, Australia) at 550°C for
5 h. Total ash (TA) content of the diets was measured by burning the dry
sample inamu e furnace for 550°C for 5 h. The following formula was used
for calculation of NFE (nitrogen free extract) of experimental diets as follows:

NFE % f100 CP% EE% CF% TA%Jg

A bomb calorimeter (Changshu Instruments, China) was used for the
estimation of gross energy of the diets, and digetible energy was calculated
by Halvar’s (1976) formulas
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DE Kcal=100g T CP% 4 EE% 9 NFE% 4¢g

CP%
Drotein t i in=KcalDE ~ ——————— 1
rotein to energy ratio mg protein=Kca DE Kcal=100g 000

Experimental design and feeding trial

After acclimatization, 315 fish (4.01 £ 0.01 g) were randomly transferred to
seven distinct treatment groups such as CP?°, CP?®°, CP*°, CP*, CP*’, CP*,
and CP*%in three replicates with a stocking density of 15 fish/tank (92 x 45 cm,
325 L capacity, 200 L volume). IGSW of 15 g/l salinity was pumped out using
a bore well and stored in 10 circular storage tanks (1.06 m? x0.88 m, 935 L
capacity). The respective diets were used for feeding the fish on a satiation
basis three times per day (10.00, 14.00, and 18.00 h). Fortnightly, the body
weight was checked to adjust the feeding rate. Feces from each tank were
siphoned out prior to the next day’s feeding and an equal volume of siphoned
water was replenished by IGSW from the storage tank. About 25%-30% of the
rearing water from each tank was exchanged with IGSW from the storage tank
at an interval of three days during the trial period.

Water quality parameters like pH, temperature, and salinity were estimated
every day using a pH meter (Aquafins Instrument, India), thermometer
(Merck Millipore, Germany), and refractometer (Aquafins Instrument,
India) respectively. The analysis of the other water quality parameters was
done at an interval of two days. Dissolved oxygen (DO), total alkalinity, total
hardness, free CO, Nitrate-N, ammonia-N, nitrite-N, calcium, and magne-
sium ion concentrations were estimated following APHA procedures
(American Public Health Association, APHA 2005). Potassium concentration
was estimated in a flame photometer (Essico Instrument, India).

The water pH, temperature, and salinity in the experimental groups were
found to be within the range of 7.80-8.45, 30.3°C-32.0°C, and 15.05-15.60 g¢/I
respectively. However, dissolved oxygen, total hardness, total alkalinity, Ca**,
Mg®*, K*, nitrite-N, ammonia-N, and nitrate-N were found to be in the range
of 5.91-6.52 mg/l, 2890-2950 mg/I, 244-268 mg/l, 340-355 mg/l, 490-524 mg/I,
8.09-11.92 mg/l, 0.001-0.007 mg/l, 0.02-0.10 mg/I, and 0.02—0.08 mg/I respec-
tively. The concentration of free CO, was found to be nil during the trial period.

Growth, nutrient utilization, and body indices

After completion of the feeding trial followed by overnight starvation, live fish
were counted and weighed using an electronic balance for the measurement of
growth parameters. Liver and intestine of two anesthesized (50 pl/I clove oil
emulsion) fish from each tank were dissected out and weighed to calculate the
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hepato-somatic index (HSI) and intestino-somatic index (ISI). Parameters
related to the growth, nutrient retention, and body indices were calculated
by using the following formulas:

Weightgain g Final wet weighting  Initial wet weighting

MGR g=kg®®=day Net weight gaining

Initial body weighting 0:8 Final body weighting 0:8 =2
1000 1000 -
1

Durationof feedingindays

Wet body weightgaining
Dry matter in takeing

FER

Wet body weight gaining

PER — —
Protei in takeon dry matter basising
PGR %%=day Inoffinalbodyprotein !nof ipit_ialbodyprotein
Durationof feedingtrialindays
100 Talukdaretal:; 2020
Hs| Wetweightof livering
Wetbodyweightof wholefishing
S| Wetweightof intestineing

Wetbodyweightof wholefishing

Assays of enzymes

At the end of the trial, three fish from each experimental tank were randomly
collected and anaesthetized with clove oil (50 pl/l), and liver and muscles
tissues were collected under chilled conditions.

Tissue homogenate preparation

Immediately after collection, the homogenates of liver and muscle tissues were
prepared in an ice-cold sucrose solution (0.25 M) using a teflon-coated
mechanical homogenizer. The entire process was done under chilled condi-
tions to preserve the activity of tissue enzymes. Then tissue homogenates were
centrifuged by using a cooling centrifuge at 5,000 rpm for 10 min at 4°C, and
the supernatant was collected in 2 ml Eppendorf tubes, which were then stored
at —20°C until used for enzyme assays.
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Quantification of tissue protein

Total protein from di erent tissue (liver and muscle) homogenates was quan-
tified by the method described by Lowry et al. (1951). The obtained values
were used to calculate the activities of metabolic enzymes.

Activities of metabolic enzymes

Aspartate aminotransferase (AST) activity in liver and muscle tissues were
determined according to Wooten (1964) by using alpha-ketoglutarate (2 mM
in 0.05 M phosphate bu er) and DL-aspartic acid (0.2 M at pH 7.4) as
substrates. The activity of the enzyme was expressed as nanomoles of oxaloa-
cetate formed/min/mg protein. Determination of tissue alanine aminotrans-
ferase (ALT) activity was the same as AST activity (Wooten 1964) except the
substrates, alpha-ketoglutarate, and L-alanine in this case. The activity of the
enzyme was expressed as nanomoles of sodium pyruvate released/min/mg
protein.

Lactate dehydrogenase (LDH) activity was estimated in liver and muscle
tissue by using the method described by Wrobleiuski and Laude (1955),
where sodium pyruvate was used as a substrate. The activity of the enzyme
was expressed as micromoles of NAD™ released/mg protein/min. The
measurement of tissue malate dehydrogenase (MDH) activity (Ochoa
1955; Wrobleiuski and Laude 1955) was the same as LDH activity except
for the substrate oxaloacetate in place of sodium pyruvate. The MDH
enzyme activity was expressed micromole of NADH oxidized/min/mg
protein.

Hematological and serum biochemical parameters

Collection of blood and serum

Three randomly selected overnight-fasted fish from each replicate were anaes-
thetized with clove oil (50 pl/l). Blood was drawn from the caudal vein using
a hypodermal syringe, which was previously washed with 2.7% EDTA solu-
tion. The collected blood was quickly poured into test tubes containing 2.7%
EDTA (as an anticoagulant) with gentle shaking for mixing to avoid hemo-
lysis. The sample was stored at 4°C until analyzed as fresh as possible. For
a serum sample, blood was collected in 1.5 ml Eppendorf tubes that did not
contain anticoagulant and kept in a slanted position for 2 h at room tempera-
ture for clotting. The coagulated blood was then centrifuged at 6,000 rpm for
15 min, and supernatant (straw-colored serum) was carefully collected in
Eppendorf tubes and stored at —40°C until analysis.
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Hematological indices

Red blood cell (RBC) and white blood cell (WBC) diluting fluids were used to
count RBC and WBC respectively in a blood sample. RBC counting was done
using a hemocytometer following the method of Hendrick (1952), and WBC
was counted according to Shaw (1930). To estimate hematocrit (Hct) values,
the blood was placed into the heparinized micro-hematocrit capillary tube
sealed at one end. The tube with blood was then subjected to centrifugation
using a micro-hematocrit centrifuge at 10,500 rpm for 5 min. The Hct value
was recorded in the micro-hematocrit reader and expressed as percentage. The
blood hemoglobin (Hb) level was estimated by the cyanmethemoglobin
method using Drabkins fluid. According to a formula described by Haney
etal. (1992), the hematological indices such as mean cell volume (MCV), mean
cell hemoglobin (MCH), and mean cell hemoglobin concentration (MCHC)
were calculated from Hct, Hb, and RBC values.

Serum biochemical parameters

Serum glucose, cholesterol, triglyceride, total protein, and albumin were
assessed using a commercialy available kit (ERBA Diagnostics, India).
Globulin content was calculated by subtracting the albumin value from total
protein value, and the albumin value was divided by globulin value to compute
the albumin to globulin ratio (A/G).

Statistical analysis

After confirming the homogeneity and normality, all the experimental data
were subjected to one-way analysis of variance (ANOVA) followed by
Duncan’s Multiple Range Test (DMRT) used as a post hoc analysis by SPSS
22.0, and analysis was performed to observe significant di erences among
means at 5% probability level (P < 0.05). The data were expressed as mean *
standard error (SE). The orthogonal-polynomial contrasts were also per-
formed for testing overall, linear, and quadratic trends of parameters in
relation to protein levels of the diets. A second-order polynomial regression
model (Robins et al. 2006) was fitted with WG to optimize the dietary protein
requirement of GIFT reared in IGSW of 15 g/l salinity.

Results
Growth performance, nutrient utilization, and body indices

The growth and nutrient utilization parameters of the experimental fish were
significantly (P < 0.05) influenced by feeding with graded crude protein levels
in the diets (Table 2). Overall, linear and quadratic trends of growth and
nutrient utilization including weight gain (WG), metabolic growth rate
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Figure 1. In relation to weight gain (WG, g), second-order polynomial regression model indicates
the optimum dietary protein (%) requirement of GIFT tilapia juveniles reared in IGSW of 15 g/I
salinity.

(MGR), feed e ciency ratio (FER), and protein growth rate (PGR) were
increased significantly (P < 0.05) with increasing the protein levels in diet up
to 40% CP and beyond that increasing dietary protein levels decreased these
parameters. However, regression analysis revealed that the WG, MGR, FER,
and PGR quadratic (R? 0.93, 0.96, 0.92 and 0.90 respectively) relation was
more than the linear (R? 0.66, 0.68, 0.43, and 0.63 respectively) relationship
while increasing in dietary protein levels. However, feed intake (FI) and
protein e ciency ratio (PER) exhibited with an overall and linear decreasing
trend with the increasing crude protein levels of the diets. Both the parameters
showed higher quadratic (R? 0.95, and 0.99 respectively) relations than the
linear (R?, 0.88, and 0.98 respectively) with respect to dietary protein levels.
Second-order polynomial regression analysis of weight gain with dietary
protein levels indicated that 41.85% dietary protein is optimum for GIFT
tilapia juveniles reared in inland saline water of 15 g/l salinity (Figure 1).
The HSI of fish varied significantly (P < 0.05) with an overall and linear
trend in relation to dietary protein levels (Table 3). The HSI value of CP>° was
significantly lower (P < 0.05) than CP?° and CP?® and similar (P < 0.05) to the
other dietary groups, although there was no significant di erence of HSI value
(P < 0.05) among CP?°, CP?, and CP* groups. Overall, 1Sl of fish did not
di er significantly (P < 0.05) among the dietary groups but significantly
(P <0.05) di ered with a linear trend (Table 3). As per the regression analysis,
the HSI showed higher linear (R* = 0.94) and quadratic (R? = 0.97) relation-
ships, and ISI exhibited moderately linear (R? = 0.58) and high quadratic (R =
0.80) relations with the varying protein level of the diet. There was no
moratlity of fish observed during the experimental period (Table 3).
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Table 3. Body indices and survival of GIFT tilapia fingerlings reared in inland saline water of 15 g/I
salinity and fed with graded level of dietary protein for the period of 60 days.

Experimental groups’ HSI? (%) ISP (%) Survival (%)
cp® 1.55% 0.06 2.87 +0.13 100
cp® 1425+ 0.11 2.96 + 0.09 100
cp3° 1.31%°°+ 0.03 3.05 +0.13 100
cp* 1.272%+ 0.11 3.44 + 035 100
cp 1.25%°+ 0.10 3.54 +0.38 100
cp® 1.18%°+ 0.06 3.53+0.17 100
cp*° 1.12°+ 0.01 3.24 +0.23 100
P value
Overall 0.023 0.281 -
Linear 0.001 0.045 -
Quadratic 0.419 0.188 -
Regression equation and R? value
Linear Equation® y =-0.0131x + 1.7575 y = 0.0196x + 2.5479 -
R? 0.94 0.58 -
Quadratic  Equation®*  y = 0.0003 x 2-0.0327x + 2.0736 y = —0.0014x> + 0.1189x + 0.9514 -
R? 0.97 0.80 -

Note. Data are expressed as mean + SE (n = 6). Mean values in the same column with different superscripts differ
significantly (P < 0.05).

1P to CP*® = 20%-50% dietary crude protein.

2HS| = Hepato-somatic index; >ISI = Intestine-somatic index.

“In the equation, x and y represent dietary crude protein levels and respective parameters respectively.

Metabolic enzyme activity

The overall, linear, and quadratic trend of liver and muscle AST and ALT
activities were significantly a ected (P < 0.05) by the dietary crude protein levels
(Table 4). The hepatic AST activity of CP*° was significantly higher (P < 0.05)
than CP®, CP?, and CP* but similar (P < 0.05) to CP**, CP*, and CP*° groups.
Muscle AST activities of CP* and CP* groups were significantly higher
(P < 0.05) than the other groups. On the other hand, hepatic ALT activities of
CP®, CP*, and CP* groups were significantly higher (P < 0.05) than CP®, CP*>
and CP*° groups but CP* and CP*° groups showed similar (P < 0.05) activity of
this enzyme in the liver. Muscle ALT acitivity was significantly (P < 0.05)
increased with increasing dietary CP level up to 45%, but beyond that dietary
the CP level decreased the muscle ALT activity. Contrast analysis revealed poor
linear (R? = 0.36) and high quadratic (R® = 0.71) regression coe cients for liver
AST actvity, high linear (R*> = 0.75) and quadratic (R*> = 0.75) muscle AST
activity, poor linear (R*> = 0.46) and high quadratic (R*> = 0.77) liver ALT
acivity,and muscle ALT activitity exhibited moderate linear (R*> = 0.69) and
quadratic (R* = 0.69) relationships with respect to dietary protein levels.
Hepatic LDH and MDH activities did not vary significantly (P < 0.05)
among the dietary groups (Table 4). However, the overall, linear, and quad-
ratic trends of muscle LDH and muscle MDH activity were significantly
(P < 0.05) a ected due to varying levels of dietary protein. Muscle LDH
activity significantly (P < 0.05) decreased with the increasing dietary protein
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level, but the muscle MDH activities of higher protein fed groups (CP*°, CP*,
and CP*°) were significantly higher than their lower fed counterparts.
According to regression analysis, liver LDH showed moderate linear and
high quadratic (R?> = 0.66 and 0.92 respectively) relationships; muscle LDH
exhibited high linear (R? = 0.91) and quadratic (R? = 0.93) correlations with
the dietary protein levels. Liver and muscle MDH showed strong linear (R?,
0.96, and 0.90 respectively) as well as quadratic (R?, 0.96, and 0.92 respectively)
relationships with the varying levels of protein in the diet.

Hematological parameters

The hematological parameters of the GIFT were significantly (P < 0.05) influ-
enced by the varying dietary protein levels (Table 5). Contrast analysis revealed
significant (P < 0.05) overall and linear e ect of dietary protein levels on Hb with
high linear (R = 0.81) and quadratic (R* = 0.87) relationships. Hb contents of
CP* and CP* were significantly higher (P < 0.05) than CP?°, CP%, and CP* but
similar (P < 0.05) to the CP* and CP*° groups. However, there was no significant
di erence (P < 0.05) of Hb contents among the CP*°, CP*, and CP*® groups.
Overall, linear and quadratic trends of Hct significantly (P < 0.05) a ected with
moderate linear (R* = 0.57) and higher quadratic (R*> = 0.93) relations. The
overall, linear, and quadratic trend of RBC significantly (P < 0.05) varied with
graded levels of dietary protein with higher linear (R* = 0.76) and quadratic (R? =
0.88) regression correlation. Fish fed with 30%-50% dietary protein levels
showed significantly higher (P < 0.05) Hct values than that of lower (20%—
25%) protein-fed groups. RBC counts of higher protein-fed groups (40%—50%
CP) were significantly (P < 0.05) higher than CP?°, CP?®, and CP*® groups and
similar (P < 0.05) to the CP*® group. There was no significant di erence
(P < 0.05) of Hct value between CP** and CP* groups. Hematological indices
such as MCV, MCH, and MCHC did not show any significant (P < 0.05)
variation in overall trend, but linear and quadratic of MCV, linear of MCH,
and quadratic of MCHC significantly (P < 0.05) varied due to variable dietary
protein with poor linear (R? = 0.46) and high quadratic (R* = 0.95) for MCV,
high linear (R® = 0.83) and quadratic (R* = 0.85) for MCH, and very poor linear
(R? = 0.14) and high quadratic (R? = 0.88) relations for MCHC. However, WBC
count did not vary significantly (P < 0.05) among the dietary groups.

Serum biochemical parameters

Serum glucose varied significantly (P < 0.05) with overall, linear, and quadratic
trends and showed high quadratic (R* = 0.76) realtions with dietary protein
(Table 6). The glucose level of the CP*® group was significantly lower (P < 0.05)
than the CP?, CP?*, CP30,and CP*° groups and similar (P < 0.05) to the CP* and
CP* groups (Table 6). Serum cholesterol, triglyceride, total protein, albulin,
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globulin, and albumin to grobulin ratio (A/G) did not show any significant
(P < 0.05) variation with overall, linear, and quadratic trends among the dietary
groups. Though there was no significant (P < 0.05) variation observed in the total
protein and globulin content of fish, an increasing trend was found in the CP*
group, which gradually reduced with further increments in the protein level of the
diet.

Discussion
Growth,nutrient utilization, and body indices

The growth (protein accretion in the muscle) of fish depends on nutritional
and environmental factors (Kohla et al. 1992). In the present study, WG,
MGR, FER, and PGR of GIFT juveniles significantly (P < 0.05) increased
with the increasing dietary protein (CP) levels up to 40% and decreased
significantly beyond that level. This finding indicates that feeding excess CP
beyond the optimum level was not beneficial in terms of growth of GIFT
juveniles reared in IGSW of 15 g/l salinity as excess amino acids undergoes
oxidation process for energy production instead of anabolic processes.
Moreover, amino acid catabolism causes environmental pollution due to
excretion of more ammonia at the cost of growth of fish (Philips 1979;
Winfree and Stickney 1981). Similarly, feeding fish with low dietary protein
could not provide su cient amino acids for tissue building, leading to reduced
growth. Accordingly, in the present study, 40% dietary protein was found to
provide optimum feed e ciency and growth of GIFT juveniles reared in IGSW
of 15 g/l salinity. Our previous studies showed that 37.72% to 37.87% (Singha
et al. 2020) and 34.53% to 35.35% dietary CP (Singha et al. 2021) was optimum
for culturing GIFT juveniles in IGSW of 10 and 5 ppt salinity respectively. In
line with the present finding, Mohammadi et al. (2014) reported the maximum
growth of all-male Nile tilapia in inland saline water (8 g/l salinity) when fed
with 29% dietary CP. Talukdar et al. (2020) also reported a similar observation
in gray mullet (Mugil cephalus) reared in IGSW of 8 g/l due to feeding of
graded levels of dietary protein. This variation in requirement might be due to
increased energy requirement for osmoregulation and other related mainte-
nance activities at di erent salinities of IGSW (Singha et al. 2021; Talukdar
et al. 2020). Hence, the optimum protein required for GIFT juveniles in IGSW
of 15 g/l is 40%, which is higher than the requirement of GIFT juveniles reared
in IGSW of either 5 g/l or 10 g/l salinity.

Continuous decreasing trends of protein e ciency ratio (PER) with the
increasing dietary crude protein levels in the present study indicated that high
dietary protein-derived amino acids beyond the optimum level could be
utilized for energy production rather than the body protein synthesis for fish
growth (Yang et al. 2003). Moreover, fewer carbohydrates of a high CP-
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containing diet could attenuate its protein-sparing e ect for energy supply to
fish (Mohanta et al. 2008). In corroboration with our present finding, Mohanta
et al. (2008) and Abdel-Tawwab (2012) also found a decreased PER with the
increased dietary protein level in Silver barb (Puntius gonionotus) and Nile
tilapia (O. niloticaus) respectively. Similar findings were also observed by
Mohammadi et al. (2014) and Singha et al. (2020) respectively in Nile tilapia
and GIFT tilapia juveniles reared in IGSW of 8 and 10 g/l respectively.

In the present study, higher dietary carbohydrates of a lower protein-
containing diet probably could deposit the glycogen and lipid in the fish liver,
attributing the increased HSI values (Yang, Liou, and Liu 2002). Further,
insu cient dietary protein-derived amino acids probably could synthesize
body protein at suboptimum levels, leading to poor growth of fish (Deng et al.
2011; Wang et al. 2016). Similarly, Talukdar et al. (2020) observed poor growth
and higher HSI values in gray mullet of the low dietary protein-fed group when
reared in inland water of 8 g/l salinity.Our results corroborated the findings of
Abdel-Tawwab (2012) in O. Niloticus reared under freshwater conditions and
Singha et al. (2020) in GIFT juveniles under inland saline water of 10 g/l salinity.

Protein metabolic enzymes activities

Metabolic enzyme activities are influenced by the nutritional status of fish
(Abdel-Tawwab 2012; Meton, Egea, and Baanante 2003; Meton et al. 1999).
The activity of amino acid-metabolizing enzymes and the extent of nitrogen
excretion are linked with dietary protein levels in which optimum dietary
protein-derived amino acids are transaminated to form new amino acids that
participate in body protein synthesis, leading to enhanced growth. On the other
hand, high dietary protein and low nonprotein energy sources lead to transdea-
mination reactions where newly synthesized amino acids by transamination
reactions instead of body protein synthesis undergo oxidation for energy pro-
duction and excretion of ammonia at the cost of growth. Accordingly, in the
present study, high AST and ALT activities in the 40% dietary protein-fed group
probably could synthesize amino acids for body protein synthesis and growth of
fish, and su cient dietary carbohydrate and lipid probably could spare the
protein for satisfying the energy demand of fish. On the other hand, high
AST and ALT activities and lower growth in 45% and 50% protein-fed groups
might be due to oxidation of amino acids at the cost of body protein synthesis
and growth of fish, and high dietary protein and low dietary carbohydrate were
the conducive factors to support energetic demand at the cost of the growth of
fish (Haque et al. 2021; Jana et al. 2021). The present findings corroborated the
observation of Sanchez-Muros et al. (1998) in rainbow trout (Oncorhynchus
mykiss), Melo et al. (2006) in Rhamdia quelen, and Abdel-Tawwab et al. (2010)
in Nile tilapia. Ballantyne (2001) and Kumar et al. (2009) demonstrated that
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excess amino acids are the excellent substrate for exceleration of gluconeogen-
esis in liver; thus, elevated gluconeogenesis is observed in fish because of the
feeding of a high protein- and low carbohydrate-containing diet.

Carbohydrate metabolic enzymes activities

High carbohydrate levels in fish diets produce oxidative stress, which may lead
to anaerobic conversion of pyruvate, the final product of glycolysis to lactate
by LDH in fish liver and muscle (Kumar et al. 2005; Talukdar et al. 2021).
Accordingly, in the current study, higher muscle LDH activity in the low
dietary protein (20%-30% CP) and high dietary carbohydrate-fed groups
probably were due to the anaerobic conversion of pyruvate to lactate for
supplying energy to high carbohydrate mediated stressed fish. In agreement
with the present finding, Tok et al. (2017) reported the higher muscular LDH
activity in Pangasianodon hypophthalmus fed with a low protein- and high
carbohydrate-containing diet.

In the present study, increased activities of MDH and transaminases in high
protein-fed groups indicate higher gluconeogenesis for energy production and
other physiological activities (Hemre, Mommsen, and Krogdahl 2002). In
agreement with the present finding, Melo et al. (2006) in R. quelen and
Talukdar et al. (2020) in M. cephalus observed increased gluconeogenic activ-
ity due to feeding of high protein diets. Similar to the present finding, Verma
et al. (2007), Yengkokpam et al. (2013), and Talukdar et al. (2020) found
lowered MDH activity in the low protein-fed groups resulted in reduced
availability of oxaloacetate as a gluconeogenic substrate.

Hematological pro le

Changes in blood hematological parameters of fish are a ected by the
nutritional composition of the diet and environmental conditions (Abdel-
Tawwab 2016; Bahmani, Kazemi, and Donskaya 2001; De et al. 2018). As
there is a positive correlation between RBC count and dietary protein
level, feeding fish with high protein diets may cause synthesis and release
of matured erythrocytes from the storage pool in the spleen of fish
(Abdel-Tawwab et al. 2010). Accordingly, in the present study, increased
RBC count was recorded in high protein-fed groups to corroborate the
finding of Talukdar et al. (2020) in M. cephalus under inland saline water
condition of 8 g/l. In the present study, the increasing trend of the Hb
and Hct values with increasing dietary protein levels was supported by the
observation of Abdel-Tawwab et al. (2010) in O. niloticus and Khan and
Magbool (2017) in Common carp (C. carpio).
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Serum biochemical indices

In the present study, high serum glucose was found in low and high protein-fed
groups, but lower serum glucose was recorded in the 40% protein-fed group.
A similar observation was reported by Liu et al. (2017) in GIFT tilapia and Wang
et al. (2016) in red-spotted grouper (Epinephelus akaara). A higher level of
serum glucose was observed in fish of lower protein-fed groups, which might be
due to higher levels of carbohydrate in the diet. Accordingly, a lower level of
glucose was found in fish of the CP*® group, which might also be due to the
e ective metabolic utilization of glucose to satisfy the energy need of fish (Abdel-
Tawwab 2012; Abdel-Tawwab et al. 2010; Talukdar et al. 2020). In our study,
serum cholesterol and triglyceride did not di er significantly (P < 0.05) among
the di erent treatments, suggesting that GIFT maintained a relatively stable
physiological state when reared in inland saline water of 15 g/I ambient salinity.

Serum total protein is one of the parameters indicative of fish’s nutritional
and health status (Martinez 1976). In this study, the serum protein concentra-
tions did not show any significant (P < 0.05) e ects with di erent levels of
dietary protein. A similar observation found in large GIFT tilapia (Liu et al.
2017) and Rohu (Labeo rohita) fingerlings fed with di erent crude protein
levels (Kumar et al. 2019). In the present study, the increased trend of serum
protein with increasing dietary protein levels up to 40% (CP*°) could likely be
due to protein digestion enhancement (Lundstedt et al. 2002).

Among the serum proteins, globulin and albumin levels indicate general
well-being of fish (Varghese et al. 2020). Albumins are proteins produced in the
liver and involved in the maintenance of osmotic homeostasis and transport of
many vital biological molecules such as hormones, vitamins, and enzymes.
Globulins, especially the gamma-globulins, contain all the immunoglobulin in
the blood, which is essential for maintaining a healthy immune system (Haque
et al. 2021). In the present study, serum albumin and globulin levels did not
di er significantly (P < 0.05) among the treatments. The present findings
indicate that the immunoglobulin levels could not be a ected by variation in
dietary protein, suggesting that the metabolic stress due to deficient or excess
protein did not have an e ect on the general health status of GIFT.

Conclusion

Growth performance, hematological profile, and metabolism of GIFT juve-
niles reared in IGSW of 15 g/l were significantly a ected by dietary protein
levels. A dietary protein level of 41.85% with protein to energy ratio of
105.27 mg protein/Kcal DE was found to be optimum in relation to growth
metrics, nutrient utilization, hematological profile, and metabolic status of
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fish. However, A dietary protein below 35% and above 45% caused physio-
metabolic stress, leading to growth retardation of fish reared in IGSW.
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