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A 60-day feeding trial has been carried out to access the optimal dietary crude protein (DCP) requirement of juvenile Jerdon’s carp,
Hypselobarbus jerdoni. Six isoenergetic (around 400 Kcal DE/100 g), isolipidic (60.80 g/kg), and heteronitrogenous diets were prepared
with graded levels of protein, viz., 200, 250, 300, 350, 400, and 450 g/kg (TCP 20-TCP 45 with 50 g/kg incremental level). A completely
randomised design (CRD) was used to distribute 270 Jerdon’s carp juveniles (6.12-6.18 g) in six experimental groups in triplicates (15
fish/tank, 2001 water capacity). After 60 days, the fishes of the TCP30 group showed significantly higher weight gain, final body weight,
and percentage weight gain (WG%). The fish of the TCP30 group exhibited a significantly higher feed efficiency ratio and specific
growth rate. On the other hand, a significantly lower feed conversion ratio is recorded in the TCP30 and TCP35 groups. The protein
efficiency ratio of fish was reduced significantly with the elevated DCP level. Whole-body moisture, lipid, and total ash contents of
H. jerdoni were remain unaffected by DCP levels. However, DCP levels significantly influenced the whole-body protein of H. jerdoni
juveniles, with significantly higher values noticed in the TCP30 and TCP35 groups. The TCP35, TCP40, and TCP45 groups exhibited
significantly higher (p < 0.05) protease activity, and the amylase activity showed a decreasing trend in response to dietary protein levels.
A significantly (p < 0.05) higher SOD and CAT activity were observed in the TCP20 and TCP25 groups. However, lower hepatic
glutamate pyruvate transaminase and glutamic-oxaloacetic transaminase activity were observed in the TCP30 and TCP35 groups,
respectively. Furthermore, based on broken-line linear and second-order polynomial regression with respect to WG%, the optimal
dietary crude protein requirement of H. jerdoni cultured for 60 days was found to be 309.72 and 316.40 g/kg.

1. Introduction generally considered as one of the most promising sectors

within aquaculture that is rising day by day due to its great
Ornamental fishes are the most attractive and colourful pets, ~ scope for enterprise development and income production.
and keeping aquariums is the world’s second preferred rec- ~ Moreover, the ornamental fish industry is popularly known as

reational activity after photography. Ornamental fisheries are ~ a multibillion-dollar industry wherein 125 countries are
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engaged directly or indirectly in various trades [1]. According
to the recent report, more than 2 billion live ornamental fish
have been sold so far, with the global ornamental fish trade
being valued around US$ 15-30 billion [2, 3]. In addition, the
global ornamental fish trade involves roughly 2,500 species, of
which more than 60% are freshwater species and the
remaining species are marine. This industry is regarded as
a sleeping giant in India. Being a tropical country, India is
blessed with the vast biodiversity of freshwater ornamental
fish and ample natural freshwater resources.

The Western Ghats are a line of hills that extend along
India’s west coast and are often regarded as one of the richest
areas in the world in terms of biodiversity and endemism.
The Western Ghats occupy a total area of 136,800 km” and
span a length of 1490 km from north to south, with a width
ranging from 48 km to 210km [4]. According to a recent
report, this biodiversity zone is home to 320 freshwater
fishes from eleven orders, thirty-five families, and 122
genera, including numerous migratory species [5]. Of 320
species, 155 are recognized ornamental fishes, of which 117
are native to the Western Ghats [6]. The Western Ghats
harbour several essential species, such as minor carps, barbs,
minnows, loaches, rasboras, danios, and hill trouts, some of
which are indigenous to this biodiversity hotspot region.

The medium-sized barbs of genus Hypselobarbus are
popularly known as a “catchall” genus, which encompasses
near about twenty-two species, and they are native throughout
this biodiversity hotspot region of India, occurring primarily in
the different stretches of the rivers and their connected res-
ervoirs [7, 8]. This particular genus contains economically
important ornamental, as well as food fishes that are sold in
local markets [9]. These omnivorous, medium-sized fish
showing potamodromous migration, i.e., migrate upstream for
spawning during the rainy season [10]. Furthermore, the
natural population of Hypselobarbus species is drastically de-
clining as a result of the indiscriminate use of these species for
aquarium and edible purposes in their native regions [11].
Owing to such combined concerns (territory loss and over
exploitation), most of the species of Hypselobarbus are now
addressed as “threatened” on IUCN Red List categorisation
[12]. Among the twenty-two species, Jerdon’s carp (H. jerdoni),
locally known as Cha-meen, is a species of the Cyprinidae
family endemic to India, mainly in the Western Ghat regions
[7]. This species inhabits freshwater, is benthopelagic and
potamodromous [13], and can grow to a maximum length of
46 cm (18 inch) in total length [14]. Moreover, as a consequence
of the uncontrolled fishing and destruction of breeding ground
due to anthropogenic activities, this species is now categorised
as the “least concern” on the IUCN list [12]. Thus, there is
utmost necessity of developing captive breeding protocols
followed by subsequent closing of a life cycle and widespread
culture of this species for purposes of conservation and
sustainable trade.

Conservation efforts may be manifold, of which for-
mulation of a nutritionally balanced and cost-effective feed is
of utmost importance to spearhead captive maturation and
breeding programmes. Fish growth results from a higher
rate of body protein synthesis than breakdown, which is
dependent on an optimal dietary protein supply and
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ambient conditions [15]. Among the several nutrients, di-
etary crude protein (DCP) is the most significant and costly
ingredient in aquafeed, as well as a crucial component
regulating fish growth [16]. Besides, dietary protein being of
paramount importance should be supplied in adequate
quantities through exogenous feed for fulfilling energy de-
mands of the fish in various phases of its life. If the diet is low
in protein compared to an optimum requirement level, it
will reduce the growth rate of fishes [17-19]. Alternatively, if
the diet is rich in dietary protein relative to the optimum
level, then excess DCP will be used for the production of
energy and simultaneously, fishes will excrete more am-
monia into the water, which leads to poor growth in fishes
[20]. Alternatively, if the fish diet contains more protein than
necessary, not only does it pollute the environment by
producing nitrogenous wastes but also raises the price of
feed without providing any additional benefits for growth
[21]. Therefore, dietary protein optimisation of a species at
various life stages is critical towards making aquaculture
lucrative and sustainable. Accordingly, various authors
documented the optimum protein requirement of various
barb species, such as 500g protein/kg for tinfoil barb fry
[22], 300-350g protein/kg for lemon fin barb hybrid fin-
gerlings [22], 350 g protein/kg for Puntius vittatus [23],300 g
protein/kg for Puntius gonionotus [24], 297 g protein/kg for
Labeo bata fry [25], 281.48-282.53 g protein/kg for Cirrhinus
reba fry [26], 250g protein/kg for Osteobrama belangeri
fingerlings [27], 290g protein/kg goldfish fry [28], and
318.0-327.6 g protein/kg for Hypselobarbus pulchellus fin-
gerlings [29]. In this regard, the present research explores the
dietary protein requirement of Jerdon’s carp (H. jerdoni)
since it is a relatively new commercial ornamental fish, and
many aspects of its culture including its food and feeding
habit as well as nutritional requirements have not been
examined yet. Likewise, no available information on the
optimum DCP requirement at the early life stages (especially
the juvenile nutrition with reference to protein) has yet been
documented. In this context, the current research to de-
termine the optimal dietary protein requirement of Jerdon’s
carp, H. jerdoni juveniles in relation to its growth perfor-
mance, is justified for its conservation and efforts for its
captive maturation and breeding.

2. Materials and Methods

2.1. Experimental Fish Procurement and Acclimatization.
Six hundred and fifty (650) Jerdon’s carp (H. jerdoni) fin-
gerlings (weight 5.62-6.01 g; length 6.5-7.1 cm) were obtained
from a small hatchery in Mangalore, Karnataka, India. Then,
the fishes were carefully transported to the wet lab at the
ICAR-Central Institute of Fisheries Education in Mumbai,
India, in polythene bags comprising oxygenated water. On
reaching the wet laboratory, the fishes were first treated with
KMnO, solution (4 mg/L) for 2min to remove the possible
pathogens, and finally, mild salt (20 g/L) treatment was given
for the duration of 2-3 min to overcome the transportation
mediated stress. Following that, the treated fish were trans-
ferred to rectangular tanks (1.05 m?x0.89 m, 1000 L capacity)
with vigorous aeration. The fishes were then acclimatized for
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15 days in the same tank, and during this period, they were fed
with 30% crude protein feed at satiation level twice daily.
During the acclimatization period, 30% water was replaced
with freshwater in every 2 days interval.

2.2. Formulation and Preparation of the Experimental Diets.
Six heteronitrogenous (200-450g CP/kg), isocaloric
(around 400kcal digestible energy/100g), and isolipidic
(60.80 g/kg) experimental diets containing graded levels of
DCP, viz., such as 200, 250, 300, 350, 400, and 450 g CP/kg,
were formulated and prepared (Table 1). Previously, dried
ingredients were then crushed using a pulverizer, sieved,
weighed, and securely stored in separate containers,
according to the formulation. After adding the necessary
amount of water, all the ingredients (excluding additives and
oil) were mixed properly to make the dough. The dough was
finally sealed in a heat-resistant polythene bag and steam-
cooked inside a pressure cooker at least for 20 minutes, after
which it was kept at room temperature for cooling. Then, the
remaining ingredients, viz., vitamins-minerals mixture,
betaine hydrochloride, oil, BHT, vitamin E, and Stay-C, were
mixed properly with the cooled dough (cooked), and an-
other dough was remade. The resulting dough was then put
through a pelletizer to produce pellets (diameter of a pellet:
1.5 mm), which were then maintained at ambient temper-
ature for 24 hours before drying in an oven (40°C) until the
amount of moisture in the pellet went down below 100 g/kg
(<10%) feed. At last, the dried pellets were packed into
airtight polyethylene zipper bags and stored at 4°C till
further use.

2.3. Setting Up of the Experimental Unit. Eighteen circular-
shaped FRP (fibre glass-reinforced plastic) tanks with 300 L
(1 m diameter x 0.8 m height, 200 L water volume) capacity
were taken for the present study. The experimental tanks
were disinfected with 4 ppm KMnO, solution followed by
thorough washing with freshwater and finally dried well
under sunlight. Following that, freshwater was introduced to
the tanks, and continuous aeration was maintained. Then,
using a completely randomised design (CRD), two hundred
and seventy healthy and well-acclimatized fingerlings of
Jerdon’s carp (6.12-6.18 g) were dispersed randomly in six
different treatments in triplicates using a stocking density
(SD) of 15 fish/tank.

During the entire experimental period of 60 days, the
animals were fed daily two times at 9: 00 am and 6: 00 pm
with their respective diet to the apparent satiation level.
Every morning, faeces from each tank were siphoned out,
and the siphoned water was refilled with freshwater to
maintain a uniform amount of water in all tanks. At every
14 days interval and after 60 days, the experimental animals
from each tank were carefully weighed after subjecting to

one day starvation for adjusting the satiation feeding level.
Mortality of fish from every tank was counted daily during
the entire experimental period to calculate the survival
percentage. Throughout the 60-day experiment, a water-
proof digital thermometer (Labart, India) and a pH probe
(HANNA Instruments, Singapore) were used every day to
measure the variety of water quality parameters, including
temperature and pH, whereas dissolved oxygen, total
hardness, total alkalinity, total ammoniacal nitrogen,
nitrate-nitrogen, nitrite-nitrogen, and free carbon dioxide
were measured at a 7-day interval following the standard
protocols of APHA [30].

2.4. Sample Collection and Processing. Before starting of the
feeding trial, initial body weight was measured. The survival
percentage (%) was calculated by counting the living ani-
mals, and the final body weight of fish from each tank was
assessed after a 24-hour fasting period following the con-
clusion of the feeding trial. Afterward, six fishes were ran-
domly collected from each tank and anaesthetized with the
help of clove oil solution (50 ul/L). After that, three fish were
kept for carcass composition analysis, and the remaining
three fish were thoroughly dissected to obtain liver, gill,
muscle, and intestine samples. Following that, different
organs were weighed separately and representative quantity
were selected for homogenization with chilled sucrose so-
lution (0.25M) in a glass tube using a tissue homogenizer
(REMI instrument) to prepare 5% tissue homogenates.
Then, the 5% tissue homogenates were kept at 10,000 rpm
for 15min at 4°C for centrifugation (Thermo Fisher Sci-
entific), and finally, the supernatants were collected in 2 ml
vials and kept in a freezer (—20°C) for further analysis.

2.5. Proximate Analysis. Standard procedures were utilised
to perform the proximate composition of six different ex-
perimental diets and whole carcass [31]. The amount of
moisture in the samples was analysed with the help of oven
drying at 102°C until they reached a constant weight. The
remaining proximal components were calculated on a dry
matter basis. The sample’s nitrogen content was evaluated by
using an automated micro-Kjeldahl analyser (PELICAN,
India), and the CP level was obtained by multiplying the
total nitrogen content by 6.25. Lipid content of the samples
was calculated by following the method of solvent extraction.
The Fibretec instruments (Tulin, India) were used to analyse
the crude fibre of the diet samples. Furthermore, a muffle
furnace was used to obtain the ash content of a sample
(550°C for 6 hours, WIT; Australia).

2.6. Growth, Nutrient Utilisation, Survival Rate, and Body
Indices. The growth and body indices were calculated using
the following formulas:



Journal of Applied Ichthyology

TasLE 1: Formulation and proximate composition of the experimental diets (g/kg, dry matter basis).
Composition ingredients Treatments®
(g/kg) TCP20 TCP25 TCP30 TCP35 TCP40 TCP45
GNOC® 205 205 205 205 205 205
Soybean meal 205 205 205 205 205 205
Casein 10 56 102 148 194.8 242
Gelatin 2.5 14 25.5 37 48.7 60.5
Starch 360 320 280 240 200 160
Dextrin 129.4 111.9 94.4 76.9 58.4 394
Fish oil 30 30 30 30 30 30
Veg oil 17.5 17.5 17.5 17.5 17.5 17.5
Vit. min. mix* 15 15 15 15 15 15
cMc? 20 20 20 20 20 20
BHT® 0.2 0.2 0.2 0.2 0.2 0.2
Betaine 5 5 5 5 5 5
Stay-C' 0.3 03 03 03 0.3 0.3
Vitamin E 0.1 0.1 0.1 0.1 0.1 0.1
Total 1000 1000 1000 1000 1000 1000
Proximate composition (g/kg; on dry matter basis; mean of triplicates)
Moisture 97.33 95.16 92.07 94.00 91.10 99.16
Crude protein 200.53 251.53 301.43 350.17 401.77 451.90
Ether extract 59.42 58.47 58.53 60.40 59.77 61.27
Total ash 43.10 40.90 40.17 45.27 45.20 48.60
Crude fibre 21.47 21.67 21.80 22.50 21.67 21.00
Nitrogen-free extract 675.48 627.43 578.07 521.67 471.60 417.23
DE (Kcal/100 g)® 403.88 404.21 404.48 403.09 403.14 402.79
P/E (mg CP/Kcal DE)" 49.65 62.23 74.52 86.87 99.66 112.19

“Treatment groups having graded levels of protein, i.e., TCP20 (200 g/kg dietary protein), TCP25 (250 g/kg dietary protein), TCP30 (300 g/kg dietary protein),
TCP35 (350 g/kg dietary protein), TCP40 (400 g/kg dietary protein), and TCP45 (450 g/kg dietary protein). "GNOC: groundnut oil cake, procured from the
local market, India. “Composition of vitamin-mineral mix (PRE-MIX PLUS) (quantity/kg): vitamin A, 5,500,000 IU; vitamin D3, 1,100,000 IU; vitamin B2,
2,000 mg; vitamin E, 750 mg; vitamin K, 1,000 mg; vitamin B6, 1,000 mg; vitamin B12, 6 mg; calcium pantothenate, 2,500 mg; nicotinamide, 10 g; choline

chloride, 150 §;

Mn, 27,000 mg; I, 1,000 mg; Fe, 7,500 mg; Zn, 5,000 mg; Cu, 2,000 mg; Co, 450 1-lysine, 10 g DL-methionine, 10 g; selenium, 125 mg; vitamin

C, 2,500 mg. “CMC: carboxymethyl cellulose, procured from HiMedia Ltd., India. “BHT: butylated hydroxytoluene, procured from HiMedia Ltd., India.
fStay-C 35, protected vitamin C. 8DE, digestible energy (Kcal/100g) =4 x CP (g/100 g) + 9 x EE (g/100 g) + 4 x NFE (g/100 g) [45]. "P/E, protein-to-energy
ratio (mg CP/kcal DE) = (CP% x1000)/DE.

weight gain percentage (WG%) =

feed conversion ratio (FCR) =

protein efficiency ratio (PER) =

hepato — somatic index (HSI %)

feed efficiency ratio (FER) =

weight gain (WG) = final body weight (FBW) - initial body weight (IBW)

(FBW-IBW)

100
IBW

specific growth rate (SGR) = [(Ln FBW) - (LnIBW)] x 100

intake of feed in dry form (g)

wet weight gain (g)

wet weight gain (g) (1)

intake of feed in dry form

wet weight gain (g)

intake of protein in dry form (g)

survival (%)

animals harvested in live form
- — 100
animals stocked in live form

liver weight of the animal
; : 100
total weight of the animal
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2.7. Enzyme Analysis

2.7.1. Tissue Protein Estimation. The amount of tissue
protein in all the treatment samples was calculated by fol-
lowing the method of Bradford [32].

2.7.2. Digestive Enzyme Analysis. The techniques of Rick
and Stegbauer [33] and Drapeau [34] were followed to
measure the intestinal amylase and protease activity. Cherry
and Crandall [35] techniques were followed to conduct the
intestinal lipase enzyme activity.

2.7.3. Oxidative Stress-Related or Antioxidant Enzymes.
The superoxide dismutase (SOD) assay was carried out using
the Misra and Fridovich [36] method. The Takahara et al.
[37] method was used to conduct the catalase (CAT) enzyme
activity.

2.7.4. Protein Metabolic Enzymes. The aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) in
muscle and liver tissue homogenates were determined by
using commercial kits from ERBA, India.

2.7.5. Carbohydrate Metabolic Enzymes. The Wroblewski
and Ladue [38] method was used to evaluate the lactate de-
hydrogenase (LDH) activity. The malate dehydrogenase (MDH)
activity was measured using the Ochoa [39] technique.

2.8. Haemato-Biochemical Parameters

2.8.1. Haematological Parameters. The Hendricks [40]
method was applied to count red blood cells (RBCs) using
a Neubauer hemocytometer. The Shaw [41] method was
used to estimate white blood cells (WBCs) in fish blood
samples. The van Kampen and Zijlstra [42] method was
applied to estimate the haemoglobin (Hb) content in the
blood samples. A haematocrit centrifuge was used to analyse
the haematocrit value at 1000 g for 10 min [43].

2.8.2. Haemato-Biochemical Assay. Using commercial kits
from ERBA, India, various haemato-biochemical parame-
ters, including serum total protein and albumin, were de-
termined. The following formulas were used to calculate
globulin and the albumin-to-globulin ratio (A/G):

globulin(%) = serum total protein — serum albumin
. (2)
A serumalbumin
G serum globulin’

2.9. Statistical Analysis. The experimental results were put
through one-way ANOVA (analysis of variance) using the
SPSS 22.0 statistical analysis tool to establish the means and
average standard error of means (SEM). The overall

treatment effects were evaluated, and then, the linear and
quadratic effects of graded protein levels were measured
using polynomial contrast analysis. Duncan’s multiple range
test with post hoc analysis was used to assess and determine
the significant difference between means at the 5% proba-
bility level (p < 0.05). Finally, the data were presented as the
means and average standard error of means (SEM). Fur-
thermore, broken-line linear regression [44] and second-
order polynomial regression analysis were conducted based
on the WG% to optimise the DCP level [45].

3. Results

3.1. Physiochemical Parameters of Water. Different parame-
ters relating to the water quality such as water temperature ("C),
pH, total alkalinity (mg/L), total hardness (mg/L), dissolved
oxygen (mg/L), total ammonia-N (mg/L), nitrite-N (mg/L),
nitrate-N (mg/L), and free carbon dioxide (mg/L) of treatments
were found in the ranges of 27.16-29.92°C, 6.99-7.44,
70.06-83.25mg/L,  183.78-199.93mg/L,  5.62-6.41 mg/L,
0.02-0.08 mg/L, 0.002-0.008 mg/L, and 0.03-0.09 mg/L, re-
spectively, during the whole experimental period (Table 2).

3.2. Growth, Feed Utilisation, and Survival. The effect of
varying DCP levels on growth, nutrient utilisation, and
survival of H. jerdoni juveniles is presented in Table 3.
Overall and quadratic trends of WG, WG%, and FBW were
changed significantly (p<0.05) among the treatments.
These growth indices increased (p < 0.05) with the graded
level of DCP up to 300 g/kg and showed a decreasing trend
thereafter due to further increasing of DCP levels. With
graded levels of DCP, the overall, linear, and quadratic
trends of FCR and PER were significantly altered (p < 0.05).
The FCR of the 300g/kg protein-fed group was similar
(p>0.05) to that of the 350g/kg protein-fed group and
significantly lower than that of the rest of the groups. On the
other hand, PER values reduced significantly (p < 0.05) with
the increasing DCP levels. The overall and quadratic trends
of SGR and FER were significantly (p < 0.05) influenced by
DCP levels, with both parameters increasing significantly
(p <0.05) with increasing the DCP level up to 300 g/kg and
significantly higher than the rest of the groups. As there was
no mortality in any of the groups, all dietary groups had
100% survival.

3.3. Digestive Enzyme Activities. Though intestinal lipase
activity did not differ substantially (p>0.05) between
treatments, graded amounts of DCP had a significant effect
on the overall, linear, and quadratic trends of protease and
amylase activities (Table 4). The amylase activity reduced
considerably (p < 0.05) with the increased intake of DCP up
to 400 g/kg and did not change further. On the other hand,
the opposite trend was found in case of the protease activity,
where it significantly enhanced (p <0.05) with increasing
the DCP level up to 400 g/kg and remained the same further
in a high protein-fed group.
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TaBLE 2: Physicochemical parameters of water in different experimental units during 60 days of the feeding trial.

*Treatments

Parameters

TCP20 TCP25 TCP30 TCP35 TCP40 TCP45
Temperature ("C) 27.23-29.87 27.32-29.78 27.28-29.92 27.26-29.89 27.16-29.77 27.28-29.91
Do (mg/1) 5.76-6.13 5.62-6.09 5.69-6.32 5.99-6.41 5.85-6.24 5.99-6.06
pH 7.02-7.05 6.99-7.23 7.03-7.43 7.08-7.11 7.12-7.44 7.00-7.32
Total alkalinity (mg/l) 71.23-82.23 70.21-79.82 71.65-80.33 73.24-81.76 70.06-81.55 70.11-82.35
Hardness (mg/1) 184.32-198.92 185.22-199.92 184.65-192.92 186.88-199.93 183.78-199.23 184.44-198.67
“TA-N (mg/1) 0.03-0.06 0.03-0.04 0.02-0.07 0.03-0.08 0.02-0.08 0.04-0.07
INO2-N (mg/1) 0.002-0.004 0.003-0.005 0.003-0.008 0.006-0.008 0.002-0.006 0.002-0.005
°NO>-N (mg/1) 0.03-0.05 0.05-0.06 0.05-0.08 0.04-0.08 0.03-0.04 0.03-0.09

‘Free CO, (mg/l) ND ND ND ND ND ND

*Treatment groups having graded levels of protein, i.e., TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein;
TCP40, 400 g/kg protein; TCP45, 450 g/kg protein. "DO, dissolved oxygen. “TA-N, total ammonia nitrogen. “NO™2-N, nitrite nitrogen. °N0 >-N, nitrate
nitrogen. ‘Free CO,, free carbon dioxide. ND, not detected.

TaBLE 3: Growth, nutrient utilisation, and percentage survival of H. jerdoni juveniles fed diets containing varying levels of dietary protein for
60 days.

*Treatments p values
Parameters SEM . .
TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear Quadratic

*IBW 6.18 6.15 6.15 6.14 6.12 6.13 0.01 0.784 0.160 0.345
‘FBW 11.50° 12.07° 13.22° 12.62¢ 11.87° 11.02° 0.18 0.000 0.342 0.000
WG 79.87° 88.85° 106.09° 97.20¢ 86.26° 73372 2.68 0.000 0.387 0.000
PWG 86.22° 96.38° 114.99° 105.52¢ 94.07° 79.76° 2.91 0.000 0.431 0.000
fFCR 2.69¢ 2.39° 2.21° 2.30%° 2.61° 3.15¢ 0.08 0.000 0.048 0.000
8SGR 1.03* 1.13° 1.28¢ 1.20° 1.10° 0.98% 0.02 0.000 0.430 0.000
"PER 3.99° 3.55¢ 3.54¢ 2.78° 2.16° 1.63* 0.20 0.000 0.000 0.000
'FER 0.37° 0.42° 0.454 0.43° 0.38° 0.32° 0.01 0.000 0.091 0.000
Survival (%) 100 100 100 100 100 100 — — — —

Mean values (n=3) in the same column with different superscripts differ significantly (p < 0.05). *Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
°IBW, initial body weight. FBW, final body weight. ‘WG, weight gain. “PWG, percentage weight gain. ‘FCR, feed conversion ratio. 8SGR, specific growth rate.
PER, protein efficiency ratio. ‘FER, feed efficiency ratio.

TasLE 4: Digestive enzyme activities of H. jerdoni juveniles fed diets containing varying levels of dietary protein for the experimental period
of 60 days.

*Treatments bAmylase "Protease “Lipase
TCP20 1.85¢ 53.24% 4.90
TCP25 1.52¢ 61.00° 5.24
TCP30 1.47%¢ 62.89%° 411
TCP35 1.32° 66.49°¢ 4.78
TCP40 1.08° 66.91¢ 4.62
TCP45 1.09° 67.244 5.28
SEM 0.07 1.26 0.21
Overall (p value) 0.001 0.001 0.680
Linear (p value) 0.001 0.001 0.878
Quadratic (p value) 0.001 0.001 0.529

Mean values (n=3) in the same column with different superscripts differ significantly (p < 0.05). “Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
®Amylase activity is expressed as the micromole of maltose released/min/mg protein. “Protease activity is expressed as millimole of tyrosine released/min/mg
protein. dLipas.e activity is expressed as units/min/mg protein.

3.4. Carcass Composition and Body Indices. Whole carcass
proximate composition and the body index values are
depicted in Table 5. DCP levels had no significant (p > 0.05)
effect on the whole-body moisture, lipid, and total ash
contents of H. jerdoni. However, graded levels of DCP had
a significant (p <0.05) effect on the overall and quadratic
trends of carcass protein, as well as the overall, linear, and

quadratic trends of HSI in H. jerdoni juveniles. The fish fed
with 300g/kg protein (TCP30) and 350g/kg protein
(TCP35) showed significantly higher (p<0.05) carcass
protein than the other dietary groups. The HSI value sig-
nificantly decreased (p <0.05) with increasing DCP up to
300 g/kg, and beyond this, it was not affected significantly
(p>0.05) by increased dietary protein.
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TasLE 5: Whole-body proximate composition (on g/kg, wet weight basis) and body indices of H. jerdoni juveniles fed diets with graded levels

of dietary protein for the experimental period of 60 days.

*Treatments p values
Parameters SEM . .
TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear Quadratic
Moisture 740.80 741.60 741.77 745.73 744.76 744.26 1.82 0.975 0.426 0.712
bcp 153.17% 156.50% 167.70° 165.07° 155.80% 157.49% 1.49 0.005 0.597 0.013
‘EE 55.50 54.08 52.97 55.61 53.90 52.45 0.75 0.514 0.252 0.520
ITA 29.85 30.14 29.55 28.02 29.02 30.46 0.33 0.309 0.790 0.256
°HSI 1.43° 1.27° 0.92% 0.81% 0.78* 0.80* 0.07 0.001 0.000 0.000

Mean values (n=3) in the same column with different superscripts differ significantly (p < 0.05). *Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
°CP, crude protein. °EE, ether extract. “TA, total ash. °HSI, hepato-somatic index.

3.5. Haematological Parameters. The haematological traits
of fish fed with graded levels of DCP are displayed in Table 6.
The concentration of haemoglobin and the number of white
blood cells were not affected significantly across dietary
groups, but the overall and quadratic trends of the RBC
count and overall, linear, and quadratic trends of the hae-
matocrit value were significantly affected (p<0.05) by
graded levels of DCP. The RBC count and the haematocrit
value significantly increased (p <0.05) with increasing the
DCP level up to 300 g/kg, and a further increase in DCP
significantly reduced (p<0.05) the RBC count and the
haematocrit value in fish.

3.6. Haemato-Biochemical Parameters. Overall, DCP levels
affected the linear and quadratic trends of serum bio-
chemical indicators significantly (p < 0.05) (Table 7). Serum
total protein and albumin in fish fed with 200 g/kg protein
(TCP20) and 250 g/kg protein (TCP25) were significantly
lower (p <0.05) than in other dietary groups. However, the
total globulin level increased significantly (p <0.05) as di-
etary protein levels increased to 300 g/kg and remained
unchanged in afterward high protein-fed groups. The fish
received 200g protein/kg showed a similar P/E value
(p>0.05) in TCP25 and TCP30 groups and significantly
higher (p <0.05) than the other groups.

3.7. Oxidative Stress or Antioxidant Enzymes. In all, feeding
of graded levels of DCP had a significant (p < 0.05) effect on
the linear, quadratic, and overall trends of SOD and CAT
activity (Table 8). The fish of TCP20 and TCP25 groups
showed significantly (p < 0.05) higher SOD and CAT activity
than those of other treatments.

3.8. Carbohydrate Metabolic Enzymes. Liver and muscle
LDH and muscle MDH activities were significantly
(p <0.05) affected by graded levels of DCP overall, linearly,
and quadratically (Table 9). The fish of TCP20 and TCP25
groups showed significantly (p <0.05) higher hepatic and
muscle LDH and muscle MDH activities than those of other
dietary groups. However, the graded level of DCP did not
affect hepatic MDH activity significantly (p > 0.05).

3.9. Protein Metabolic Enzymes. DCP levels had no effect on
muscular AST and ALT activities (p > 0.05), whereas DCP
levels had an effect (p <0.05) on the overall and quadratic
trends of hepatic AST and ALT activities (Table 9). The fish of
TCP30 and TCP35 groups showed significantly (p < 0.05)
higher hepatic AST and ALT activities than those of other
dietary groups.

3.10. Optimum Dietary Protein Level. The optimal DCP
requirement of H. jerdoni juveniles was evaluated using
broken-line linear and second-order polynomial regression
analysis, and the optimum DCP level of H. jerdoni juveniles
was found to be 309.72 and 316.40g/kg, respectively
(Figure 1).

4. Discussion

4.1. Proximate Analysis of the Experimental Diets. The
measured amounts of CP in several experimental diets, such
as TCP20, TCP25, TCP30, TCP35, TCP40, and TCP45, were
found to be 200.53, 251.53, 301.43, 350.17, 401.77, and
451.90 g/kg with corresponding P : E values of 49.65, 62.23,
74.52, 86.87, 99.66, and 112.19mg protein/kcal DE, re-
spectively. The crude protein, ether extract, and digestible
energy (DE) [46] values of the various diets demonstrated
that the diets were heteronitrogenous, isolipidic, and iso-
energetic, supporting the premise of the protein requirement
study [20, 47, 48].

4.2. Water Quality Parameters. Water quality parameters
have a significant impact in maintaining physiological
equilibrium in animals, including teleosts [48]. Among the
several physicochemical properties of water, temperature
(optimal 26-30°C) is the most critical factor in sustaining
metabolic activity in cold-blooded animals including teleosts
[49, 50]. Throughout the experiment, the temperature was
kept between 27.16 and 29.92°C. Widiyati et al. [50] reported
that the optimal pH range for a fish culture is 6-9, while the
pH value fluctuated from 6.99 to 7.44 during the whole
study. In the present experiment, the dissolved oxygen (DO)
level was kept within a range of 5.62-6.41 mg/L, which falls
closer to the optimal DO (>5mg/l) level for fish production
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TaBLE 6: Haematological indices of H. jerdoni juveniles fed diets containing varying levels of dietary protein for the experimental period of
60 days.

*Treatments p values
Parameters SEM . .
TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear Quadratic
PHb (g/dl) 3.23 3.33 3.40 3.56 3.53 3.55 0.06 0.471 0.032 0.092
“RBC (x10°/ul) 0.75% 0.79% 0.90° 0.91¢ 0.83° 0.84° 0.02 0.001 0.088 0.002
4WBC (x10%/ul) 23.60 24.99 25.27 24.66 25.24 24.89 0.33 0.768 0.343 0.395
*HCT (%) 12.33 12.97° 16.23¢ 16.34° 14.93° 14.90° 0.39 0.000 0.014 0.000

Mean values (n=3) in the same column with different superscripts differ significantly (p <0.05). “Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
PHb, haemoglobin. “RBC, red blood cell. “WBC, white blood cell. *Hct, haematocrit.

TaBLE 7: Haemato-biochemical parameters of H. jerdoni juveniles fed diets containing varying levels of dietary protein for the experimental
period of 60 days.

P ) Treatments SEM p values
arameters

TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear  Quadratic
Serum total protein (g/dl) ~ 4.37° 4.51% 5.06 5.07° 5.09° 499" 0.8  0.000  0.000 0.000
Albumin (g/dl) 1.89* 1.90* 2.12° 2.09° 2.08° 2.05° 0.3 0.005 0.009 0.002
Globulin (g/dl) 247% 2.60° 2.94¢ 2.99° 3.01° 2.94° 0.05 0.000 0.000 0.000
A/G 0.77° 0.73%®  0.72%® 0.69° 0.69° 0.70° 0.01 0.003 0.003 0.003

Mean values (n=3) in the same column with different superscripts differ significantly (p < 0.05). “Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein. A/
G, albumin-to-globulin ratio.

TaBLE 8: Oxidative stress enzyme activity of H. jerdoni juveniles fed diets containing varying levels of dietary protein for the experimental
period of 60 days.

“Treatments p values
Parameters SEM . .
TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear Quadratic
SOD gill 9.84° 10.24° 7.60° 7.09% 7.62° 7.512 0.31 0.000 0.000 0.000
°SOD liver 19.09° 18.07° 10.77° 11.11% 11.19° 11.77% 0.86 0.000 0.000 0.000
“CAT gill 4.85° 4.75° 1.70° 1712 1.85° 1.69* 0.35 0.000 0.000 0.000
CAT liver 11.43° 10.64° 6.29° 6.46% 6.54% 6.40° 0.56 0.000 0.000 0.000

Mean values (n=3) in the same column with different superscripts differ significantly (p <0.05). “Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
°SOD, superoxide dismutase activity is expressed as 50% inhibition of epinephrine auto-oxidation/mg protein/min. “CAT, catalase activity is expressed as
nanomoles of H,O, decomposed/min/mg protein.

TaBLE 9: Carbohydrate and protein metabolic enzyme activity of H. jerdoni juveniles fed diets containing varying levels of dietary protein for
the experimental period of 60 days.

*Treatments p values
Parameters SEM . .
TCP20 TCP25 TCP30 TCP35 TCP40 TCP45 Overall Linear Quadratic
GOT® GOT muscle 25.19 24.66 20.12 20.89 24.69 21.03 1.22 0.761 0.442 0.618
GOT liver 18.06°  18.22°  15.41° 15.59°  18.65°  18.15°  0.35 0.000 0.794 0.021
GPT GPT muscle 24.85 26.19 21.84 19.73 27.83 26.23 1.23 0.482 0.719 0.466
GPT liver 5.16° 5.33° 4.52° 4.61* 5.37° 5.09° 0.09 0.000 0.922 0.042
LDHY LDH muscle 9.46° 9.48° 6.79% 6.48% 6.53% 6.30° 0.35 0.000 0.000 0.000
LDH liver 2.37° 2.17° 0.97% 0.92% 0.85% 0.78% 0.16 0.000 0.000 0.000
MDH® MDH muscle 1.53° 1.61° 0.62% 0.64* 0.56* 0.50% 0.12 0.000 0.000 0.000
MDH liver 0.68 0.81 0.75 0.58 0.78 0.95 0.06 0.710 0.407 0.491

Mean values (n=3) in the same column with different superscripts differ significantly (p < 0.05). “Treatment groups having graded levels of protein, i.e.,
TCP20, 200 g/kg protein; TCP25, 250 g/kg protein; TCP30, 300 g/kg protein; TCP35, 350 g/kg protein; TCP40, 400 g/kg protein; TCP45, 450 g/kg protein.
"GOT, glutamate oxaloacetate transaminase activity is expressed as nanomoles of oxaloacetate released/min/mg. “GPT, glutamate pyruvate transaminase
activity is expressed as nanomoles of sodium pyruvate released/min/mg protein. “LDH, lactate dehydrogenase activity is expressed in unit/mg protein/min.
°MDH, malate dehydrogenase activity is expressed in unit/mg protein/min.
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FIGURE 1: The broken-line linear and second-order polynomial regression analysis to optimise dietary crude protein requirement in relation
to weight gain percentage (WG%) of H. jerdoni juveniles reared for 60 days and fed with graded levels of dietary crude protein.

[51, 52]. The recommended total alkalinity value for the fish
culture, according to Santhosh and Singh [53], is 50-300 mg/
L, and the total alkalinity (mg/]) value in the current study
was kept within that range. The concentration of calcium
(Ca™) and magnesium salts (Mg*?), which are generally
coupled with bicarbonates and carbonates (temporary
hardness) and sulphates, chlorides, and other anions (per-
manent hardness) governs the total hardness of water [54].

In the present experiment, total hardness of different
experimental units was observed within a range of
183.78-199.93 mg/L, which falls within that optimum range
for the fish culture [55]. Total ammonium-nitrogen, nitrite-
nitrogen, and nitrate-nitrogen concentrations were found to
be within the acceptable range for aquaculture in the current
experiment [56-59].

4.3. Growth and Nutrient Utilisation. In general, animal
growth, including teleosts, is a phenotypic display of muscle
hyperplasia that is influenced by various factors where en-
vironmental and nutritional factors are more crucial among
them [48]. In a nutritional study, CP is the most vital dietary
component in animals including fish as because its presence
in the diet in adequate quantities not just supports growth but
also delivers energy via amino acid breakdown (catabolism).
Generally, many species growth is directly proportional to the
DCP levels, but quantities of protein higher or lower than the
optimum level cause growth retardation [60, 61] probably due
to catabolism of more amino acids instead of body protein
synthesis with reduced protein conversion efficiency in this
situation at the cost of growth [62]. Furthermore, a lack of
nonprotein energy in the diet lowered the fish growth per-
formance despite having high protein in the diet probably due
to preferential catabolism of dietary protein-derived amino
acids as fish feed on energy satiation [63].

In the current experiment, different growth parameters
such as WG, FBW, WG%, and SGR of H. jerdoni were
observed to be raised with the raising levels of DCP up to

300 g CP/kg diet, but an increase in the DCP level in the diet
reduces growth performance. This implies that excess dietary
protein above the optimal amount with higher P : E values in
the diet does not aid in growth rather assists in energy
generation. Many other cyprinid species have shown growth
retardation as a result of consuming protein at higher than
optimal levels. Barlaya et al. [29] reported that of 20, 25, 20,
35, and 40% crude protein-fed groups, the peninsular barb
H. pulchellus showed best growth in the 35% CP group at the
end of 60 days. Similarly, other minor carp such as C. reba
fingerlings showed best growth at 30% CP of 20, 25, 30, 35,
and 40% CP-fed groups [26]. While rearing in flow through
aquaria for 6 weeks, Lochmann and Phillips [28] reported
that of 21.2, 25.3, 28.9, 31.1, and 34.5% crude protein-fed
groups, the goldfish of the 28.9% CP-fed group exhibited the
highest growth rate in terms of various growth indices.
The FCR and PER of the feed generally show how well
the fish utilise the food item and the amount of protein it
contains for growth. The FCR value reduced considerably
(p <0.05) with rising DCP levels up to 300 g CP/kg diet, but
further addition of DCP in the diet increases the FCR of fish.
Fish belongs to TCP30 (300 g CP/kg) and TCP35 (350 g CP/
kg) groups with protein (P): energy (E) values of 74.52 and
86.87 mg protein/kcal DE, respectively, showing higher PER
than in TCP40 and TCP45 groups. These data suggested that
optimal dietary protein and P : E values may be a significant
dietary element for effective protein utilisation, resulting in
higher growth in fish. Similar kinds of results were also
conveyed by Singha et al. [48], Santiago et al. [64], and
Siddiqui et al. [65]. Moreover, Mohanta et al. [66] reported
that silver barb showed lower FCR at the 30% CP level when
fed with 20, 25, 30, 35, and 40% CP for a period of 90 days. In
this study, PER is showing a declining trend with the es-
calation of protein in the feed which might be due to the
reason that in lower protein-fed groups, probably almost all
the dietary amino acids may be used in the formation of
body proteins for achieving somatic growth. Alternatively,
a significant proportion of dietary amino acids in the higher
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protein-fed groups may be used for the production of energy
rather than synthesis of body protein, resulting in lower
PER. This finding was similar to the outcomes of other
studies [29, 66].

4.4. Carcass Composition of Fish. The higher carcass CP
content of H. jerdoni juveniles was observed in the TCP30
(300g CP/kg) group than in the other protein-fed groups.
Furthermore, when DCP levels exceeded 300 g/kg, there was
a decreasing trend in body crude protein deposition. Many
authors found similar patterns in carcass protein as a result
of feeding varied levels of DCP [26, 29, 66]. The increasing
trend of carcass protein of H. jerdoni juveniles up to an
optimum level with an optimum P:E value demonstrated
effective dietary protein utilisation for maximizing growth.
However, the increasing level of DCP beyond an optimum
level reduced growth probably due to excess amino acids
produced from dietary protein used for the production of
energy rather than synthesis of body protein that ultimately
results in a decrease or no change in the carcass protein level.
Our findings have been supported by Yadav et al. [26], who
reported that the escalation of DCP up to 30% enhanced the
CP deposition in carcass in case of C. reba. In this study,
other parameters such as moisture, lipid, and ash remain
unchanged (p>0.05) among the different protein-fed
groups. Similar inferences were also documented by many
authors [26, 29, 67]. In this study, the graded level of DCP
has no effect on the carcass lipid level which might be due to
the effect of species differences or feeding isolipidic ex-
perimental diets. However, in contrast to the present study,
Singh et al. [68] demonstrated the highest level of lipid
deposition in fish of the optimum protein-fed group. The
HSI value is directly proportional to the dietary energy
sources and level as reported by many researchers [69, 70].
In this study, the HSI value of fish was significantly higher in
lower protein-fed groups (TCP20 and TCP25) than in higher
protein-fed groups. This disparity is most likely due to the
reduction in digestible carbohydrate levels when protein
levels in diets increase. It has been observed that lipogenesis
from carbohydrate is a recognized biological phenomenon,
where the excess dietary carbohydrate can be reserved as
lipid in the liver, ultimately leading to an increase in the liver
size or HIS [71, 72]. A similar kind of result was also
demonstrated by several authors [73, 74].

4.5. Digestive Enzyme Activities. Digestive enzymes provide
information about the whole digestion process and how
efficiently fish digest the food item for their growth [75, 76].
The intestinal protease activity increased with rising DCP
levels, which might be attributed to the availability of greater
amounts of protein as a substrate in the intestine. The current
finding supported the findings of Bazaz and Keshavanath
[77] in Tor khudree, Singha et al. [48] in GIFT, and Jayant
et al. [78] in Pangasianodon hypophthalmus, respectively. In
case of amylase activity, a completely opposite trend was
found; i.e., a negative correlation was evident between am-
ylase enzyme activity with the DCP levels which may be
attributed to less availability of starch or vice versa. Many
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authors have been found the similar kind of result [29, 78].
Finally, the DCP levels had no effect on intestinal lipase
activity (p > 0.05) which might be attributed to feeding of all
groups with isolipidic diets. This finding was as per the
observation of Singha et al. [48] in GIFT and Barlaya et al.
[29] in H. pulchellus.

4.6. Haematological Parameters. Haematological parame-
ters are considered as vital indicators of fish health [79], and
it also guides the biologist in identifying the physiological
stress in fish caused by an abrupt changes in diet as well as in
the environment [76, 80]. In this study, the RBC count
showed an increasing trend with DCP levels up to 350 g/kg,
which may have occurred due to its early release from the
storage pool in the spleen [81, 82]. Then, again, a low RBC
count probably caused less oxygen supply to the cells of
a lower protein-fed group, which leads to poor growth in
fishes [83]. Similarly, the haematocrit (Hct) value increased
with increasing the dietary CP level up to 350 g/kg, which
indicates the well transport of oxygen in the body, leading to
improved fish health and growth [73]. On the other hand,
the unchanged WBC count among different protein-fed
groups in this study verified the results of Baruah et al.
[84] and Kumar et al. [85] in rohu.

4.7. Serum Biochemical Profile. Serum biochemical indices
(albumin, globulin, and serum total protein) constitute a di-
etary element that provides an excellent insight into a fish’s
immunological capacity under various environmental con-
ditions [86]. The most important protein, albumin, is typically
synthesised in the hepatocytes and plays a vital role in the
transport of several essential biological components, in-
cluding hormones, vitamins, and enzymes, as well as maintain
the osmotic homeostasis in case of fishes [79]. On the other
hand, globulins (gamma-globulins) help in maintaining the
healthy immune system in case of teleosts [87]. The total
protein, globulin, and albumin were significantly higher in
moderate (TCP30 and TCP35) and high protein-fed groups
(TCP40 and TCP45) than in low protein-fed groups (TCP20
and TCP25), which can be attributed to increased absorption
of amino acids from protein digestion [88]. Many factors
influence serum indices, including digestion efficiency, fish
biomass, dietary composition, and temperature [89, 90]. A
high protein level in the diet increases the activity of serum
indices as well as protein metabolic enzyme function which
generally reflects higher protein catabolism. Excess amino
acids from protein-rich diets cannot be stored effectively in
fish, but they can potentially be deaminated and transformed
into energy molecules. [91]. In this current study, the increase
in serum indices with dietary protein might be attributed to
an increase in digested protein [92]. A similar kind of result
was reported by Lu et al. [93] in red swamp crayfish.
Moreover, a lower A/G ratio was observed in moderate and
high protein-fed groups, which may be due to higher DCP
levels in the diet which helps in terms of increasing the
lymphocyte proliferation and subsequent immunoglobulin
production in the body of fish and gives better immunological
barrier to the fishes [94].
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4.8. Antioxidant Enzymes. Continuous cellular metabolic
activity produces free radicals or ROS, which cause oxidative
stress, the breakdown of numerous macromolecules in cells,
and tissue damage in animals [95]. The SOD-CAT enzymatic
antioxidant mechanism is considered as the first line of
defence against ROS in animals where SOD first encourages
the dismutation of the superoxide anions (O,") into mo-
lecular oxygen (O,) and hydrogen peroxide (H,0O,) [96].
Following that, another enzyme catalase is responsible for
the conversion of toxic hydrogen peroxide (H,0,) into H,O
and O, Therefore, higher activity of these enzymes denotes
that animals are in a stressful condition. Accordingly, in-
creased SOD and CAT activity in lower protein-fed groups
(TCP20 and TCP25) in this study might indicate high di-
etary carbohydrate-driven stress in fish. In support with the
current conclusion, higher SOD and CAT activities were
recorded in GIFT of lower protein-fed groups [48, 79].

4.9. Activities of Carbohydrate Metabolic Enzymes. The MDH
and LDH activities are closely related to anaerobic metabolism
of carbohydrate and generally occur during the conditions of
energy crisis, when malate is transformed into oxaloacetate
and pyruvate into lactate (or vice versa), respectively, for giving
energy via gluconeogenesis [97, 98]. In this study, higher LDH
activity in low protein-fed groups (TCP20 and TCP25) might
be attributed to high dietary carbohydrate-mediated oxidative
stress in animals, which eventually triggers the anaerobic
metabolism of pyruvate for energy production via lactate.
Similarly, higher MDH activity in TCP20 and TCP25 groups
might indicate the high carbohydrate-mediated oxidative
stress with high-energy demand, which could be fulfilled via
gluconeogenesis [98]. A similar kind of result was reported by
many researchers, such as Singha et al. [48] in GIFT, Tok et al.
[99] in Pangasianodon hypophthalmus, and Shimeno et al.
[100] in C. carpio.

4.10. Activities of Protein Metabolic Enzymes. AST and ALT
are the two transaminase enzymes that play an important role
in amino acid metabolism [101]. In this experiment, the high
hepatic ALT and AST activities in low (TCP20 and TCP25) and
high (TCP40 and TCP45) protein-fed groups might indicate
the synthesis of new amino acids, which, in former groups,
probably took part in synthesis and accretion of body protein,
but maybe due to insufficient dietary supply of amino groups,
the sufficient quantity of new amino acids could not be syn-
thesised to support optimum growth of fish; on the other hand,
in latter groups, newly synthesised amino acids probably could
be oxidized followed by gluconeogenesis for energy supply at
the cost of growth of fish. However, the moderate activities of
these enzymes in the fish of TCP30 and TCP35 groups indicate
the synthesis of new amino acids, which probably could take
part in synthesis and accretion of body protein to accelerate
growth of fish. This finding might be due to dietary supply of
optimum protein and protein-derived amino acids with an
optimum dietary P: E ratio in the presence of sufficient energy
from nonprotein sources (lipid and carbohydrate). The present
findings corroborated the higher activities of hepatic ALT and
AST in GIFT fed with varying dietary CP [48, 79].
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4.11. Optimum Dietary Protein Requirement. In this study,
using the broken-line linear and second-order polynomial
regression analysis based on WG%, the optimum DCP re-
quirement of H. jerdoni juveniles could be 309.72 and
316.40 g/kg, respectively, with the average value of 313.06 g/
kg. This is the first research to indicate the optimal DCP
requirement for H. jerdoni juveniles. Previously, various
authors documented the optimum protein requirement of
varjous barb species, such as 500 g protein/kg for tinfoil barb
fry [22], 300-350 g protein/kg for lemon fin barb hybrid
fingerlings [22], 350 g protein/kg for Puntius vittatus [23],
300 g protein/kg for Puntius gonionotus [24], 297 g protein/
kg for Labeo bata fry [25], 281.48-282.53 g protein/kg for
Cirrhinus reba fry [26], 250 g protein/kg for Osteobrama
belangeri fingerlings [27], 290 g protein/kg goldfish fry [28],
and 318.0-327.6 g protein/kg for Hypselobarbus pulchellus
fingerlings [29].

5. Conclusion

In aquaculture, understanding the nutritional requirements
of any species is critical for the formulation and preparation
of cost-effective and environmentally friendly feed to op-
timise output in a sustainable manner. Based on broken-line
and second-order polynomial regression analysis in relation
to WG%, the optimum dietary crude protein levels for
H. jerdoni juveniles reared for 60 days were found to be
309.72 and 316.40g/kg. Furthermore, DCP within the
300-350 g/kg range gives a better condition for growth,
nutrient utilisation, and physiological wellbeing of the fish.
However, a further increment in DCP beyond the optimum
level causes growth retardation in case of Jerdon’s carp
fingerlings. These observations will provide baseline data for
developing nutritionally balanced diets for the intensive and
semi-intensive culture of this fish species.

Data Availability

The data that support the findings of this study are accessible
upon reasonable request from the corresponding author.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Subam debroy explored the study, confirmed data, built
software programmes, and wrote the first draft. Paramita
Banerjee Sawant designed the study, oversaw it, and eval-
uated and edited the report. Parimal Sardar created the
approach, assisted with visualisation and validation, and
read and edited the manuscript. Gouranga Biswas and Tincy
Varghese contributed to the visualisation and validation, as
well as editing the text. Mukunda Goswami and Debajit
Sarma curated and validated the data. Manas Kumar Maiti,
Ramjanul Haque, and Udipta Roy carried out formal
analysis, software development, and data curation.



12

Acknowledgments

The authors are thankful to Director, ICAR-Central Institute
of Fisheries Education, Mumbai, India, for extending all the
infra structure facilities needed for the experiment and
Indian Council of Agricultural Research, New Delhi, for
funding the research programme.

References

(1]

(10]

(11]

(12]

(13]

(14]

R. Haque, P. B. Sawant, P. Sardar et al., “Synergistic utili-
zation of shrimp shell waste-derived natural astaxanthin with
its commercial variant boosts physio metabolic responses
and enhances colouration in discus (Symphysodon aequi-
fasciatus),” Environmental Nanotechnology, Monitoring &
Management, vol. 15, Article ID 100405, 2021.

S. Satam, N. Sawant, M. Ghughuskar et al., “Ornamental
fisheries: a new avenue to supplement farm income,” Ad-
vanced Agricultural Research and Technology Journal, vol. 2,
2018.

INFOFISH, “Ornamental Fish-2021,” in Proceedings of the
3rd International Ornamental Fish Trade and Technical
Virtual Conference, Selangor, Malaysia, February 2021.

N. Dahanukar, R. Raghavan, A. Ali, R. Abraham, and
C. P. Shaji, “The status and distribution of freshwater fishes
of the Western Ghats,” The status and distribution of
freshwater biodiversity in the Western Ghats, vol. 21,
pp. 21-48, 2011.

R. Raghavan, N. Dahanukar, M. F. Tlusty et al., “Uncovering
an obscure trade: threatened freshwater fishes and the
aquarium pet markets,” Biological Conservation, vol. 164,
pp. 158-169, 2013.

A. G. Ponniah and A. Gopalakrishnan, Endemic Fish Di-
versity of Western Ghats, National Bureau of Fish Genetic
Resources, Lucknow, India, 2000.

M. Arunachalam, S. Chinnaraja, P. Sivakumar, and R. Mayden,
“Description of a new species of large barb of the genus
hypselobarbus (cypriniformes: cyprinidae) from kali river,
karnataka region of western ghats, peninsular india,” 2016,
https://www.semanticscholar.org/paper/Description-of-a-new
-species-of-large-barb-of-the- Arunachalam.Chinnaraja/fbd0a

6£e297d94df930850fe20261b4b981c6c04.

J. Knight, A. Rai, R. D’souza, S. Philip, and N. Dahanukar,
“Hypselobarbus bicolor, a new species of large barb (Teleostei:
Cyprinidae) from the Western Ghats of India,” Zootaxa,
vol. 4184, no. 2, pp. 316-328, 2016.

K. C. Jayaram, The Freshwater Fishes of the Indian Region,
Narendra Pub. House, Delhi, India, 2nd edition, 2010.

M. Arunachalam, M. Raja, M. Muralidharan, and
R. L. Mayden, “Phylogenetic relationships of species of
Hypselobarbus (Cypriniformes: Cyprinidae): an enigmatic
clade endemic to aquatic systems of India,” Zootaxa,
vol. 3499, no. 1, pp. 63-67, 2012.

R. Raghavan and A. Ali, “TIUCN red list of threatened species:
hypselobarbus dubius,” 2010, https://www.iucnredlist.org/
en.

IUCN, “The iucn red list of threatened species,” 2019, http://
www.iucnredlist.org.

K. Riede, “The “global register of migratory species”—first
results of global GIS analysis,” in Biological Resources and
Migration, D. Werner, Ed., pp. 211-218, Springer, Berlin,
Germany, 2004.

P. K. Talwar and A. G. Jhingran, Inland Fishes of India and
Adjacent Countries, CRC Press, Boca Raton, FL, USA, 1991.

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

Journal of Applied Ichthyology

NRC, Nutrient Requirements of Fish and Shrimp, National
Academies Press, Washington, DC, USA, 2011.

P. Aranyakananda and A. L. Lawrence, “Dietary protein and
energy requirements of the white-legged shrimp, Penaeus
vannamei, and the optimal protein to energy ratio,” From
Discovery to Commercialization, European Aquaculture Soc,
Oostende, Belgium, 1993.

G. Ebrahimi and H. Ouraji, “Growth performance and body
composition of kutum fingerlings, Rutilus frisii kutum
(Kamenskii 1901), in response to dietary protein levels,”
Turkish Journal of Zoology, vol. 36, no. 4, pp. 551-558, 2012.
L. S. Cai, L. Wang, K. Song, K. L. Lu, C. X. Zhang, and
S. Rahimnejad, “Evaluation of protein requirement of
spotted seabass (Lateolabrax maculatus) under two tem-
peratures, and the liver transcriptome response to thermal
stress,” Aquaculture, vol. 516, Article ID 734615, 2020.

M. Yang, J. T. Wang, T. Han et al., “Dietary protein re-
quirement of juvenile triangular bream Megalobrama ter-
minalis (Richardson, 1846),” Journal of Applied Ichthyology,
vol. 33, no. 5, pp- 971-977, 2017.

A. Talukdar, A. D. Deo, N. P. Sahu et al., “Effects of dietary
protein on growth performance, nutrient utilization, di-
gestive enzymes and physiological status of grey mullet,
Mugil cephalus L. fingerlings reared in inland saline water,”
Aquaculture Nutrition, vol. 26, no. 3, pp. 921-935, 2020.

P. Jana, N. Prasad Sahu, P. Sardar et al., “Dietary protein
requirement of white shrimp, Penaeus vannamei (Boone,
1931) juveniles, reared in inland ground water of medium
salinity,” Aquaculture Research, vol. 52, no. 6, pp. 2501-2517,
2021.

M. P. Nuruljannah, M. S. Kamarudin, F. Syukri, and
C. R. de Cruz, “Dietary protein requirement level of tinfoil
barb (Barbonymus schwanenfeldii Bleeker 1853) fry,”
Aquaculture Research, vol. 53, no. 18, pp. 6771-6781, 2022.
A. R. Arathi and V. Jayaprakas, “Effect of dietary protein on
the growth and reproductive performance of the indigenous
ornamental fish, puntius vittatus day,” Journal of Aquatic
Biology & Fisheries, vol. 2, no. 1, pp. 62-67, 2014.

B. N. Paul, S. S. Giri, S. Sarkar, S. N. Mohanty, and
N. Sarangi, “Effect of varying protein and lipid levels on the
growth of medium carp, Puntius gonionotus,” Animal nu-
trition and feed technology, vol. 10, no. 1, pp. 81-86, 2010.
B.N. Paul, A. K. Datta, S. S. Giri, and S. N. Mohanty, “Dietary
protein requirement of Labeo bata fry,” Animal Nutrition
and Feed Technology, vol. 9, no. 2, pp. 179-184, 2009.

A. K. Yadav, S. C. Mandal, A. B. Patel, and P. K. Maurya,
“Evaluation of dietary protein requirement for the growth
performance of minor carp, Cirrhinus reba (Hamilton, 1822)
fingerlings,” Aquaculture Research, vol. 50, no. 11,
pp. 3343-3349, 2019.

N. Surjobala, S. C. Mandal, A. B. Patel, P. Pal, and
P. K. Pandey, “Optimization of dietary protein requirement
for the growth, survival and feed utilization of Osteobrama
belangeri (valenciennes, 1844) fingerling,” Indian Journal of
Animal Nutrition, vol. 36, no. 3, p. 290, 2019.

R. T. Lochmann and H. Phillips, “Dietary protein re-
quirement of juvenile golden shiners (Notemigonus cryso-
leucas) and goldfish (Carassius auratus) in aquaria,”
Aquaculture, vol. 128, no. 3-4, pp. 277-285, 1994.

G. Barlaya, P. Basumatary, C. H. Raghavendra, B. S. Ananda
Kumar, S. Saurabh, and K. Hemaprasanth, “Effects of dietary
protein levels on growth performance, carcass composition,
nutrient digestibility and digestive enzyme activity of the
critically endangered peninsular carp, Hypselobarbus


https://www.semanticscholar.org/paper/Description-of-a-new-species-of-large-barb-of-the-Arunachalam.Chinnaraja/fbd0a6fe297d94df930850fe20261b4b981c6c04
https://www.semanticscholar.org/paper/Description-of-a-new-species-of-large-barb-of-the-Arunachalam.Chinnaraja/fbd0a6fe297d94df930850fe20261b4b981c6c04
https://www.semanticscholar.org/paper/Description-of-a-new-species-of-large-barb-of-the-Arunachalam.Chinnaraja/fbd0a6fe297d94df930850fe20261b4b981c6c04
https://www.iucnredlist.org/en
https://www.iucnredlist.org/en
http://www.iucnredlist.org
http://www.iucnredlist.org

Journal of Applied Ichthyology

(30]

(31]

(37]

(38]

(40]

(41]

(42]

[43]

(44]

(45]

(46]

pulchellus (Day, 1870) fingerlings,” Journal of Applied Ich-
thyology, vol. 38, no. 4, pp. 425-433, 2022.

APHA, Standard Methods for the Examination of Water and
Wastewater, APHA AWWA, Washington, DC, USA, 24th
edition, 2023.

AQAC, Official Methods of Analysis of AOAC International,
Association of Official Analytical Chemists, Rockville,
Maryland, 18th edition, 2005.

M. M. Bradford, “A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding,” Analytical Biochemistry,
vol. 72, no. 1-2, pp. 248-254, 1976.

W. Rick and H. P. Stegbauer, “a-Amylase measurement of
reducing groups,” in Methods of Enzymatic Analysis, H. U.
Bergmeyer, Ed., Academic Press, Cambridge, UK, 2nd
edition, 1974.

G. Drapeau, “Protease from Staphylococcus aureus,” in
Methods in Enzymology, B. L. Lorand, Ed., Academic Press,
Cambridge, UK, 1974.

I. S. Cherry and L. A. Crandall, “The specificity of pancreatic
lipase: its appearance in the blood after pancreatic injury,”
American Journal of Physiology-Legacy Content, vol. 100,
no. 2, pp. 266-273, 1932.

H. P. Misra and I. Fridovich, “The role of superoxide anion in
the autoxidation of epinephrine and a simple assay for su-
peroxide dismutase,” Journal of Biological Chemistry,
vol. 247, no. 10, pp. 3170-3175, 1972.

S. Takahara, H. B. Hamilton, J. V. Neel, T. Y. Kobara,
Y. Ogura, and E. T. Nishimura, “Hypocatalasemia: a new
genetic carrier state,” Journal of Clinical Investigation, vol. 39,
no. 4, pp. 610-619, 1960.

F. Wroblewski and J. S. Ladue, “Lactic dehydrogenase ac-
tivity in blood,” Experimental Biology and Medicine, vol. 90,
no. 1, pp. 210-213, 1955,

S. Ochoa, “Malic dehydrogenase from pig heart: L-Malate +
DPN + = Oxalacetate + DPNH + H+,” in Methods of En-
zymology, S. P. Colowick and N. O. Kapalan, Eds., vol. 1,
1955.

L. J. Hendricks, “Erythrocyte counts and hemoglobin de-
terminations for two species of suckers, genus catostomus,
from colorado,” Copeia, vol. 1952, no. 4, p. 265, 1952.
A.F. B. Shaw, “A direct method for counting the leukocytes,
thrombocytes and erythrocytes of birds’s blood,” Journal of
Pathology & Bacteriology, vol. 33, no. 3, pp. 833-835, 1930.
E. J. van Kampen and W. G. Zijlstra, “Standardization of
hemoglobinometry II. The hemiglobincyanide method,”
Clinica Chimica Acta, vol. 6, no. 4, pp. 538-544, 1961.

J.. H. Boon, V. M. H. Cannaerts, H. Augustijn,
M. A. M. Machiels, D. De Charleroy, and F. Ollevier, “The
effect of different infection levels with infective larvae of
Anguillicola crassus on haematological parameters of Eu-
ropean eel (Anguilla anguilla),” Aquaculture, vol. 87, no. 3-4,
pp. 243-253, 1990.

K. R. Robbins, A. M. Saxton, and L. L. Southern, “Estimation
of nutrient requirements using broken-line regression
analysisl,” Journal of Animal Science, vol. 84, pp. E155-E165,
2006.

M. Jobling, Fish Bioenergetics, Springer Netherlands, Berlin,
Germany, 1994.

J. E. Halver, “The nutritional requirements of cultivated
warmwater and Coldwater fish species,” in Proceedimgs of the
FAO Technical Conference on Aquaculture, Kyoto, Japan,
May 1976.

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]
(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

13

R. P. Wilson and J. E. Halver, “Protein and amino acid
requirements of fishes,” Annual Review of Nutrition, vol. 6,
no. 1, pp. 225-244, 1986.

K. P. Singha, N. Shamna, N. P. Sahu et al., “Feeding graded
levels of protein to Genetically Improved Farmed Tilapia
(GIFT) juveniles reared in inland saline water: effects on
growth and gene expression of IGFI, IGF-IR and IGF-BPL,”
Aquaculture, vol. 525, Article ID 735306, 2020.

C. E. Boyd, Water Quality in Ponds for Aquaculture, Auburn
University, Auburn, AL, USA, 1990.

A. Widiyati, A. Saputra, and E. Setiadi, “Production per-
formance and blood profile of climbing perch Anabas tes-
tudineus bloch cultured in peat pond with different stocking
densities,” Indonesian Aquaculture Journal, vol. 14, no. 2,
p. 83, 2019.

S. P. Gorde and M. V. Jadhav, “Assessment of water quality
parameters: a review,” Journal of Engineering Research and
Applied Science, vol. 3, no. 6, pp. 2029-2035, 2013.

G. Barlaya, P. Basumatary, C. H. Raghavendra,
B. S. A. Kumar, and H. Kannur, “Utilization of Azolla and
Vallisneria as ingredients in the diet for endangered pen-
insular carp Hypselobarbus pulchellus (Day, 1870),” Journal
of Applied Ichthyology, vol. 38, no. 4, pp. 448-454, 2022.

S. B. Santhosh and N. P. Singh, Guidelines for Water Quality
Management for Fish Culture in Tripura, Tripura Centre,
West Tripura, India, 2007.

W. Jiwyam and N. Chareontesprasit, “Cage culture of nile
tilapia and its loadings in a freshwater reservoir in Northeast
Thailand,” Pakistan Journal of Biological Sciences, vol. 4,
pp. 614-617, 200L.

M. Jobling, “Aquaculture—farming aquatic animals and
plants,” in Aquaculture International, J. S. Lucas and
P. C. Southgate, Eds., vol. 20, no. 4, pp. 807-809, 2012.

I. C. Chen, Aquaculture in Taiwan, Fishing News Book,
London, UK, 1988.

V. G. Jhingran, Fish And Fisheries of India, Hindustan Pub.
Corp, Delhi, India, 2nd edition, 1982.

N. M. Stone and H. K. Thomforde, Understanding Your Fish
Pond Water Analysis Report, University of Arkansas at Pine
Bluff, US, Fayetteville, Arkansas, 2004.

C. E. Boyd, Water Quality Management for Pond Fish
Culture, Elsevier Scientific Publishing Company, Amster-
dam, Netherlands, 1982.

J.-D. Kim and S. P. Lall, “Amino acid composition of whole-
body tissue of Atlantic halibut (Hippoglossus hippoglossus),
yellowtail flounder (Pleuronectes ferruginea) and Japanese
flounder (Paralichthys olivaceus),” Aquaculture, vol. 187,
no. 3-4, pp. 367-373, 2000.

S.-Y. Shiau and C.-W. Lan, “Optimum dietary protein level
and protein to energy ratio for growth of grouper (Epi-
nephelus malabaricus),” Aquaculture, vol. 145, no. 1-4,
pp. 259-266, 1996.

J. Deng, X. Zhang, X. Han, L. Tao, B. Bi, and B. Kang,
“Dietary protein requirement of juvenile dianchi golden-line
barbell, Sinocyclocheilus grahami,” Journal of the World
Aquaculture Society, vol. 45, no. 4, pp. 421-429, 2014.

R. A. Winfree and R. R. Stickney, “Effects of dietary protein
and energy on growth, feed conversion efficiency and body
composition of Tilapia aurea,” The Journal of Nutrition,
vol. 111, no. 6, pp. 1001-1012, 1981.

C. B. Santiago, M. Bafes-Aldaba, and M. A. Laron, “Dietary
crude protein requirement of Tilapia nilotica fry,” Kalikasan:
The Journal of Philippine Biology, vol. 11, no. 2-3, pp. 255-



14

(66]

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(79]

265, 1982, https://repository.seafdec.org.ph/handle/10862/
1048.

A. Q. Siddiqui, M. S. Howlader, and A. A. Adam, “Effects of
dietary protein levels on growth, feed conversion and protein
utilization in fry and young Nile tilapia, Oreochromis nilo-
ticus,” Aquaculture, vol. 70, no. 1-2, pp. 63-73, 1988.

K. N. Mohanta, S. N. Mohanty, J. K. Jena, and N. P. Sahu,
“Protein requirement of silver barb, Puntius gonionotus fin-
gerlings,” Aquaculture Nutrition, vol. 14, no. 2, pp. 143-152,
2008.

S. Miao, B. Han, J. Li et al., “Effects of dietary protein level on
the growth performance, feed utilization and immunity of
red swamp crayfish Procambarus clarkia,” Aquaculture Re-
ports, vol. 18, Article ID 100540, 2020.

R. K. Singh, A. K. Balange, and M. M. Ghughuskar, “Protein
sparing effect of carbohydrates in the diet of Cirrhinus
mrigala (Hamilton, 1822) fry,” Aquaculture, vol. 258, no. 1-4,
pp. 680-684, 2006.

F. Bergot, “Carbohydrate in rainbow trout diets: effects of the
level and source of carbohydrate and the number of meals on
growth and body composition,” Aquaculture, vol. 18, no. 2,
pp. 157-167, 1979.

C. B. Cowey, J. W. Adron, D. A. Brown, and A. M. Shanks,
“Studies on the nutrition of marine flatfish. The metabolism
of glucose by plaice (Pleuronectes platessa) and the effect of
dietary energy source on protein utilization in plaice,” British
Journal of Nutrition, vol. 33, no. 2, pp. 219-231, 1975.

S. Shimeno, “The importance of carbohydrate in the diet of
a carnivorous fish,” World Symphony on Finfish Nutrition
and Fishfeed Technology, vol. 25, pp. 127-143, 1979.

B. P. Satia, “Quantitative protein requirements of rainbow
trout,” The Progressive Fish-Culturist, vol. 36, no. 2,
pp. 80-85, 1974.

I. Ahmed and I. Ahmad, “Effect of dietary protein levels on
growth performance, hematological profile and biochemical
composition of fingerlings rainbow trout, Oncorhynchus
mykiss reared in Indian himalayan region,” Aquaculture
Reports, vol. 16, Article ID 100268, 2020.

S.-M. Lee, C. S. Park, and I. C. Bang, “Dietary protein re-
quirement of young Japanese flounder Paralichthys oliva-
ceus,” Fisheries Science, vol. 68, no. 1, pp. 158-164, 2002.

S. Bolasina, A. Pérez, and Y. Yamashita, “Digestive enzymes
activity during ontogenetic development and effect of star-
vation in Japanese flounder, Paralichthys olivaceus,” Aqua-
culture, vol. 252, no. 2-4, pp. 503-515, 2006.

S. Debroy, N. K. Chadha, S. Prakash et al., “Effect of salinity
on growth, survival, haemato-biochemical and antioxidative
status of Anabas testudineus (Bloch, 1792) juveniles reared in
inland saline water,” Aquaculture Research, vol. 53, no. 18,
pp. 6832-6845, 2022.

M. Bazaz and P. Keshavanath, “Effect of feeding different
levels of sardine oil on growth, muscle composition and
digestive enzyme activities of mahseer, Tor khudree,”
Aquaculture, vol. 115, no. 1-2, pp. 111-119, 1993.

M. Jayant, A. P. Muralidhar, N. P. Sahu, K. K. Jain, A. K. Pal,
and P. P. Srivastava, “Protein requirement of juvenile striped
catfish, Pangasianodon hypophthalmus,” Aquaculture In-
ternational, vol. 26, no. 1, pp. 375-389, 2018.

M. Paul, P. Sardar, N. P. Sahu et al., “Effect of dietary protein
level on growth and metabolism of GIFT juveniles reared in
inland ground saline water of medium salinity,” Journal of
Applied Aquaculture, vol. 35, no. 4, pp. 948-974, 2022.

M. Bahmani, R. Kazemi, and P. Donskaya, “A comparative
study of some hematological features in young reared

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

(91]

[92]

(93]

Journal of Applied Ichthyology

sturgeons (Acipenser persicus and Huso huso),” Fish Physi-
ology and Biochemistry, vol. 24, no. 2, pp. 135-140, 2001.
M. M. Vijayan and J. F. Leatherland, “Cortisol-induced
changes in plasma glucose, protein, and thyroid hormone
levels, and liver glycogen content of coho salmon (Onco-
rhynchus kisutch Walbaum),” Canadian Journal of Zoology,
vol. 67, no. 11, pp. 2746-2750, 1989.

A. L. Pulsford, S. Lemaire-Gony, M. Tomlinson,
N. Collingwood, and P. J. Glynn, “Effects of acute stress on
the immune system of the dab, Limanda limanda,” Com-
parative Biochemistry and Physiology Part C: Pharmacology,
Toxicology and Endocrinology, vol. 109, no. 2, pp. 129-139,
1994.

R. D. D. Silva, L. O. Rocha, B. D. A. Fortes, D. Vieira, and
M. C. S. Fioravanti, “Pardmetros hematoldgicos e bio-
quimicos da tilapia-do-Nilo (Oreochromis niloticus L.) sob
estresse por exposi¢do ao ar,” Pesquisa Veterinaria Brasileira,
vol. 32, pp. 99-107, 2012.

K. Baruah, A. K. Pal, N. P. Sahu et al., “Dietary crude protein,
citric acid and microbial phytase interacts to influence the
hemato-immunological parameters of rohu, Labeo rohita,
juveniles,” Journal of the World Aquaculture Society, vol. 40,
no. 6, pp. 824-831, 2009.

S. Kumar, N. P. Sahu, A. K. Pal, D. Choudhury,
S. Yengkokpam, and S. C. Mukherjee, “Effect of dietary
carbohydrate on haematology, respiratory burst activity and
histological changes in L. rohita juveniles,” Fish ¢ Shellfish
Immunology, vol. 19, no. 4, pp. 331-344, 2005.

S. Yilmaz and S. Ergiin, “Effects of garlic and ginger oils on
hematological and biochemical variables of sea bass Dicen-
trarchus labrax,” Journal of Aquatic Animal Health, vol. 24,
no. 4, pp. 219-224, 2012.

A. K. Jha, A. K. Pal, N. P. Sahu, S. Kumar, and
S. C. Mukherjee, “Haemato-immunological responses to
dietary yeast RNA, w-3 fatty acid and B-carotene in Catla
catla juveniles,” Fish & Shellfish Immunology, vol. 23, no. 5,
pp. 917-927, 2007.

T. Yamamoto, T. Unuma, and T. Akiyama, “The influence of
dietary protein and fat levels on tissue free amino acid levels
of fingerling rainbow trout (Oncorhynchus mykiss),” Aqua-
culture, vol. 182, no. 3-4, pp. 353-372, 2000.

D. J. Grove, L. G. Loizides, and J. Nott, “Satiation amount,
frequency of feeding and gastric emptying rate in Salmo
gairdneri,” Journal of Fish Biology, vol. 12, no. 5, pp. 507-516,
1978.

B. Darcy, “Availability of amino acids in monogastric ani-
mals. Variations of digestive origin,” Diabete ¢~ Metabolisme,
vol. 10, no. 2, pp. 121-133, 1984.

D. A.J. Stone, G. L. Allan, and A. J. Anderson, “Carbohydrate
utilization by juvenile silver perch, Bidyanus bidyanus
(Mitchell). III. The protein sparing effect of wheat starch
based carbohydrates,” Aquaculture Research, vol. 34, no. 2,
pp. 123-134, 2003.

L. M. Lundstedt, J. F. B. Melo, C. Santos-Neto, and
G. Moraes, “Diet influences proteolytic enzyme profile of the
South American catfish Rhamdia quelen,” in Proceedings of
the International Congress on the Biology of Fish, Bio-
chemistry and Physiology Advances in Finfish Aquaculture,
pp- 65-71, Vancouver, Canada, May 2002.

X. Lu, D. Peng, X. Chen et al., “Effects of dietary protein
levels on growth, muscle composition, digestive enzymes
activities, hemolymph biochemical indices and ovary de-
velopment of pre-adult red swamp crayfish (Procambarus


https://repository.seafdec.org.ph/handle/10862/1048
https://repository.seafdec.org.ph/handle/10862/1048

Journal of Applied Ichthyology

[98

[99

(100

[101

]

J

J

clarkii),” Aquaculture Reports, vol. 18, Article ID 100542,
2020.

P. Bandyopadhyay and P. K. Das Mohapatra, “Effect of
a probiotic bacterium Bacillus circulans PB7 in the formu-
lated diets: on growth, nutritional quality and immunity of
Catla catla (Ham.),” Fish Physiology and Biochemistry,
vol. 35, no. 3, pp. 467-478, 2009.

K. B. Storey, “Oxidative stress: animal adaptations in nature,”
Brazilian Journal of Medical and Biological Research= Revista
Brasileira De Pesquisas Medicas E Biologicas, vol. 29, no. 12,
pp. 1715-1733, 1996.

V. Matozzo, C. Gallo, and M. G. Marin, “Effects of tem-
perature on cellular and biochemical parameters in the crab
Carcinus aestuarii (Crustacea, Decapoda),” Marine Envi-
ronmental Research, vol. 71, no. 5, pp. 351-356, 2011.

R. K. Murray, D. Granner, P. Mayes, and V. W. Mayes, Red
And white Blood Cells. Harperss Biochemistry RK Granner,
PA Mayes and VW Rodwell, McGraw-Hill, New York, NY,
USA, 2000.

G. L. Hemre, T. P. Mommsen, and A. Krogdahl, “Carbo-
hydrates in fish nutrition: effects on growth, glucose meta-
bolism and hepatic enzymes,” Aquaculture Nutrition, vol. 8,
no. 3, pp. 175-194, 2002.

N. C. Tok, K. K. Jain, D. L. Prabu et al., “Metabolic and
digestive enzyme activity of Pangasianodon hypophthalmus
(Sauvage, 1878) fingerlings in response to alternate feeding of
different protein levels in the diet,” Aquaculture Research,
vol. 48, no. 6, pp. 2895-2911, 2017.

S. Shimeno, T. Shikata, H. Hosokawa, T. Masumoto, and
D. Kheyyali, “Metabolic response to feeding rates in com-
mon carp, Cyprinus carpio,” Aquaculture, vol. 151, no. 1-4,
pp. 371-377, 1997.

F. Fazio, S. Marafioti, F. Arfuso, G. Piccione, and C. Faggio,
“Influence of different salinity on haematological and bio-
chemical parameters of the widely cultured mullet, Mugil
cephalus,” Marine and Freshwater Behaviour and Physiology,
vol. 46, no. 4, pp. 211-218, 2013.

15





