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ABSTRACT

A 60-day feeding trial was conducted to examine the effects of replacing fish meal (FM) protein with graded
levels of poultry by-product meal (PBM), with or without supplementation of fish protein hydrolysate
(FPH) on digestive enzyme activities, intestinal morphology, antioxidant and ‘metabolic functions of
liver and haemato-biochemical responses of striped murrel (Channa striata): Five isonitrogenous (44%,
crude protein), isolipidic (11%, crude lipid) and isoenergetic (18 MJ/Kg) diets were formulated such that
the FM protein (35%) in the control (35 FM) diet was replaced with-only PBM at 25% (25 PBM) and
50% (50 PBM), and PBM supplemented with FPH at 25% (25 PBM+FEPH) and 50% (50 PBM+FPH).
Triplicate groups (n=3) of 30 striped murrel juveniles (10.02+0.15g) were fed with experimental diets
daily thrice (08:00, 13:00 and 18:00 h) until apparent satiation. Among the dietary groups, significantly (p
< 0.05) higher protease content was observed in fish fed control (35 FM) (6.79+£0.39 U mg! protein), 25
PBM-+FPH (7.03+0.38 U mg! protein) and 50 PBM+FPH (6:96+0.31 U mg™! protein) diets than in other
diets. However, amylase and lipase activities were not affected either with the different inclusion levels of
PBM and the supplementation of FPH. No significant (» > 0.05) differences were observed in SOD, GPx
and MDH activities of striped murrel fed experimental diets. FPH supplementation in PBM diet groups
(25 PBM+FPH, 50 PBM+FPH) resulted.in similar CAT and G-6-PDH activities with the control diet than
the non-supplemented diets. Moreover, dietary inclusion of PBM and PBM supplemented with FPH diets
did not affect the intestinal morphology and haemato-biochemical responses of striped murrel. Thus, it is
concluded that, 50% FM protein can be replaced by PBM with supplementation of FPH in striped murrel
diets without any negative impacts on digestive enzyme activities, intestinal morphology, antioxidant
and metabolic enzyme activities and haemato-biochemical responses of striped murrel (Channa striata).
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INTRODUCTION

triped murrel (Channa striata) is distributed in many
Southeast and South Asian countries (Hossain ez al., 2008;
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Shafri and Abdul Manan, 2012). It is a commercially
important high-value indigenous food fish with a high
consumer preference, good flavor, meaty flesh with
few intra-muscular bones, rich in amino acids and
unsaturated fatty acids. Moreover, murrel has various
medicinal properties, particularly wound healing and anti-
inflammatory properties (Paripatananont, 2002; Lee ef al.,
2022). As a result, the world’s striped murrel production
has continuously increased over the last few decades,
and it recorded 80,626 tons (live weight) in 2021 (FAO,
2023). Therefore, intensive farming of striped murrel has
increased across the world in different rearing systems
(Hung and Huy, 2007). In the intensive production of
striped murrel, feed is the primary factor in determining the
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production’s success. Among the nutrients in the striped
murrel diet, protein is the main component, accounting for
half of the production cost of the diet. Fishmeal (FM) has
been utilized as a prime source of protein in the striped
murrel diet due to its high nutritional quality, digestibility,
and palatability. However, due to decreased production and
growing demand for FM, there is a need to find alternative
feed ingredients that are inexpensive, locally accessible,
and more cost-effective than fishmeal (FAO, 2022).

Poultry by-product meal (PBM) is an animal by-
product obtained from poultry processing plants that
contains viscera, head, bones, blood, feet, undeveloped
eggs and feathers. The processed PBM has high protein
(58-65%), protein digestibility (87-91%) (Bureau et al.,
1999; Yu, 2004; Irm et al., 2020), appropriate levels of
essential amino acids, fatty acids, vitamins, minerals and
palatability factors (Cruz-Suarez et al., 2007). Therefore,
PBM has emerged as one of the most alternate feedstuffs
for FM. It has been evaluated in many carnivore fish
species including striped murrel (Abdul-Halim et al.,
2014), spotted rose snapper (Hernandez et al., 2014),
black sea bream (Irm ez al., 2020), and barramundi (Siddik
et al., 2019; Chaklader et al., 2021). However, a higher
incorporation of PBM diets impaired the physiological
development in several carnivore species due to the lack of
some essential amino acids, fatty acids, and attractability
in comparison to FM (Nengas et al., 1999; Cheng ef al.,
2002; Chaklader et al., 2020). In such situations, many
researchers have proven that fish protein  hydrolysate
is used as a supplement to the low FM 'diet to improve
the physiological activities of fishes like Channa striata
(Suratip et al., 2023) and Lates calcarifer (Chaklader
et al., 2020; Hong et al., 2021). Additionally, dietary
components can affect digestibility capacities, antioxidant
functions, and haemato-biochemical responses and may
lead to a decrease in the animals’ diet utilization efficiency
and physiological responses.

Thus, the present investigation laid out to determine
the effects of dietary substitution of FM protein with
PBM and PBM supplementation with FPH on digestive
enzyme activities, morphological structure of the intestine,
antioxidant and metabolic status of liver and haemato-
biochemical responses of striped murrel (Channa striata).

MATERIALS AND METHODS

Experimental fish and rearing conditions

The striped murrel (Channa striata) fingerlings
(2.43£0.35 g) were obtained from Maria Integrated
fish farm, Thiruvannamalai district, Tamil Nadu, India.
Initially, the striped murrel fingerlings were acclimatized
to experimental conditions for a month in nursery tanks

(4m x 4m x 1.5m). During the acclimatization period,
the fish were fed with a commercial diet containing 44%
crude protein and 10% crude lipid (Growel Feeds Pvt.
Ltd., Andhra Pradesh, India) five times a day till satiation
to reduce the cannibalistic activity. After acclimatization,
a total number of 450 striped murrel juveniles (initial
weight of 10.02+0.15g) were randomly distributed into
15 experimental cages (Im x 1m x 1.5 m) at the stocking
density of 30 fish/cage. The experimental cages were
installed in a cement tank (4m x 4m x 1.5m). Totally 15
experiment cages were utilized for this study, each treatment
performed with three replicates (n=3). The fish were fed
to satiety thrice daily at 08.00, 13.00, and 18.00 h for 60
days. During the feeding trial, the water quality parameters
such as temperature, dissolved oxygen, pH, ammonia-N,
nitrite-N, hardness, and total alkalinity were measured,
and it was maintained at the levels of 29.65+0.29°C,
5.53+0.25 mg/L, 8.05+0.25, 0.58+0.28 mg/L, 0.48+0.15
mg/L, 175+15 mg/L and 122+5 mg/L, respectively. All
the water quality parameters were analysed by following
standard protocols of APHA (2012).

Experimental diet preparation and feeding trial

The PBM and FPH were procured from M/s Pragathi
Broilers Pvt Ltd, Chennai, India, and M/s Janatha Fishmeal
and Oil Products, Pvt. Ltd. Karnataka, India, respectively.
The proximate and amino acid composition of feed
ingredients for production of experimental diets are shown
in Table 1. Five experimental diets were formulated and
prepared to be nearly isoproteic (44%, crude protein),
isolipidic (11%, crude lipid), and isoenergetic (18 MJ/
kg, gross energy) containing graded levels of PBM (25%
and 50%) and supplemented with FPH. The control diet
contained 35% FM and the first two test diets replaced
the FM protein with PBM at levels of 25% and 50%
and the other two test diets replaced the FM protein
with PBM at levels of 25% and 50% and each diet were
supplemented with 3.5% of FPH. The experimental diets
were designated as 35 FM (control), 25 PBM, 50 PBM,
25 PBM + FPH, and 50 PBM + FPH. The ingredient and
nutritional composition of experimental diets are shown
in Table II. The experimental diets were prepared using a
twin-screw extruder machine (Jinan Sunpring Machinary,
China) in aqua feed extrusion mill at the Directorate
of Incubation and Vocational Training in Aquaculture
(DIVA), TNJFU, Chennai, Tamil Nadu, India. Briefly,
all the dry feed ingredients were finely ground with a
pulverizer, seized through 180 pm mesh, then added
appropriate level of water and thoroughly mixed with a
vertical feed mixer. The mixed ingredients were manually
transferred into the hopper of the twin screw extruder and
extruded through a 2-mm die. During the extrusion, the
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Table I. Proximate and amino acid composition (%, dry weight) of feed ingredients for production of experimental

diets.

Compositions

Feed ingredients

Fish meal PBM FPH Soybean meal

Squid meal Corn gluten Wheat flour Broken rice

Proximate composition

Dry matter 89.4 932 943 927
Crude protein 65.03 58.5 80.3 50.6
Crude lipid 8.3 18.0 1.1 1.99
Crude fibre <1.0 1.28 <1.0 4.77
Total ash 12.88 7.3 13.5 631
Gross energy (MJ/Kg) 19.20 22.66 19.43 1841
Essential amino acids

Arginine 3.8 5.5 549 5.11
Histidine 1.7 1.03 1.75 1.03
Isoleucine 2.8 2.6 3.02 1.63
Leucine 6.4 4 6.3 2.87
Lysine 5.1 2.1 7.83 1.07
Methionine 1.7 1.05 322 12
Phenylalanine 2.6 256 383 196
Threonine 2.7 2.11 4.5 1.5
Tryptophan 0.9 0.37 1.8 0.6
Valine 2.8 3.14 33 206
Non-essential amino acids

Alanine 43 1.8 4.89 2.01
Aspartic acid 6.2 329 758 54
Cystine 1.1 1131 0.85 0.69
Glutamic acid 8.1 5.16 9.57 832
Glycine 5 415 694 199
Serine 25 486 429 231
Tyrosine 2.1 475 376 7.8
Total sum of amino acids 59.8 49.78 78.92 47.55

89.9 92.7 90.1 90.3
47.54 63.7 12.21 10.06
6.54 2.5 2.78 1.82
1.0 <1.0 1.10 <1.0
19.39 1.25 0.92 0.58
16.58 20.27 16.42 16.14
4.23 2.01 0.55 0.64
1.02 1.29 0.2 0.2
2.78 2.54 0.31 0.33
436 11.36 0.55 0.63
4.69 0.93 0.25 0.3
1.56 1.43 0.12 0.18
2.31 3.59 0.5 0.37
2.06 2.17 0.25 0.33
0.2 0 0.12 0
2.63 3.06 0.37 0.54
3.26 5.76 0.27 0.45
4.58 3.83 0.4 0.81
0.1 1.05 0.25 0.07
7.61 12.23 2.95 1.25
2.36 1.66 0.31 0.35
1.96 3.29 0.43 0.41
1.85 3.42 0.32 0.36
47.56 59.62 8.15 7.22

PBM, Poultry by-product meal; FPH, Fish protein hydrolysate.

temperature, pressure, and moisture of the extruder were
maintained at levels of 90-95°C, 2-3 bars, and 15-17%,
respectively. Then the extruded pellets were dried using
a drier at 60°C for 15 min. After drying, the dried pellets
were coated with fish oil and palm oil using a Pegasus®
vacuum coater (KK Life Sciences, Chennai, India).
Finally, the dried pellets were packed in plastic containers
and stored at 4°C until used.

Digestive enzyme analysis

At the end of the feeding trial, the experimental fish
intestine samples were collected from each replicate. The
samples were washed with ice cold distilled water and
homogenized (1:5, w/v) in phosphate buffer (pH 7.5). The

homogenate samples were centrifuged at 4000 x g for 5
min at 4°C. After centrifugation, the supernatant was
collected and stored at -20°C until the enzyme activities
were analyzed. The total protein content of intestine
samples was analyzed by Lowry et al. (1951) using bovine
serum albumin as a standard. The amylase activities were
analyzed using starch (1% w/v) as a substrate with the
method of 3, 5-dinitrosalicylic acid (DNS) (Worthington,
1991). Maltose (0.3-5 um/ml) was used to develop the
standard curve to calculate the amylase activity of samples.
The amylase activity was expressed as umol of maltose per
min per mg protein. The protease activity was analyzed
using casein as a substrate (Drapeau, 1976). The protease
activity was expressed as pmole tyrosine liberated per mg
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Table II. Ingredient and nutrient composition (%, dry
weight) of experimental diets.

Ingredients Experimental diets
35 25 50 25PBM 50PBM
FM PBM PBM +3.5 +3.5
FPH FPH
Fish meal' 35 26.25 17.5 25.03 16.28

Poultry by product 0 9.72 19.44 9.72 19.44
meal?

Fish protein 0 0 0 1 1
hydrolysate?

Soybean meal* 17 17 17 17 17
Squid meal* 9 9 9 9 9
Corn gluten® 10 10 10 10 10
Wheat flour* 11 11 11 11 11
Broken rice* 62 643 646 6.65 6.63
Fish oil! 3 3 3 3 3
Palm oil* 2.2 1.2 02 1.2 0.2
Soy lecithin® 2 2 2 2 2
Di-calcium 1 1 1 1 1
phosphate’

Vitamin mix?® 1 1 1 1 1
Mineral mix® 1 1 1 1 1
Vitamin — C’ 02 02 02 02 0.2
DL-methionine!? 04 02 02 02 0:2
Binder!"! 1 1 1 1 1
Nutrient composition (%)

Dry matter 90.18 89.88 90.36 90.28 90.13
Crude protein 43.76 43.88 43.92 43.98 44.08
Crude lipid 10.91 10.72 10.93 10.85 11.06
Crude fibre 1.16 1.25 ~1.35 1.09 1.1
Total ash 10.83-10.88 11.55 11.43 11.01
Calcium 1.88 1.69 1.50 1.66 1.47
Phosphorus 1.37 124 1.11 1.23 1.10

Gross energy (MJ/kg) 18.33 18.04 17.9 18.07 18.14
FM, Fish meal; PBM, Poultry by-product meal; FPH, Fish protein
hydrolysate. 'Bismi Fisheries Pvt. Ltd., Mayiladuthurai, Tamil Nadu,
India. ?Pragathi broilers Pvt Ltd., Chennai, India. 3Janatha Fishmeal
and Oil Products, Pvt. Ltd. Karnataka, India. *Mahindra feeds Pvt.
Ltd., Namakkal, Tamil Nadu, India. *SPAC Starch Products (India) Pvt
Ltd., Erode, Tamil Nadu, India. °Otto chemie Pvt. Ltd., Mumbai, India.
"Jain industrial chemicals, Chennai, India. *Anicare Pvt. Ltd., Chennai,
Tamil Nadu, India. Composition of vitamin premix (quantity/Kg): Vit.
A-10,000,000 IU, Vit. B1-5000 mg, Vit. B2-5000 mg, Vit. B3-6000
mg, Vit. B5-6000 mg, Vit. B6-6000 mg, Vit. C-60,000 mg, Vit. D3-
2,000,000 TU, Vit. E-10,000 IU, Vit. H-200 mg. °Anicare Pvt. Ltd.,
Chennai, Tamil Nadu, India. Composition of mineral premix (quantity/
kg): Magnesium-2800 mg, lodine-7.4 mg, Iron-7400 mg, Copper-1200
mg, Manganese-11,600 mg, Zinc-9800 mg, chlorides cobalt-4 mg,
Potassium-100 mg, Selenium-4 mg, Calcium carbonate-27.25%,
Phosphorous-7.45 mg, Sulphur-0.7 mg, Sodium-6 mg, Calpan-200
mg, Aluminium-1500 mg and Choline chloride-10,000 mg. '“Evonik
AG (DL-methionine: MetAMINO® — 99%). "PEGABIND®, Bentoli
Agrinutrition India Pvt. Ltd., Chennai, India.

tissue protein per minute. The lipase activity was analyzed
using para nitro phenyl palmitate (pNPP) solution as a
substrate (Winkler and Stuckman, 1979). The unit of lipase
was expressed as enzyme unit (U) per mg protein.

Hepatic antioxidant and metabolic enzyme analysis

The hepatic catalase (CAT) enzyme activity was
analyzed by measuring the decrease in concentration of
H,O, (Aebi, 1984). The hepatic superoxide dismutase
(SOD) and glutathione peroxidase (GPx) were determined
according to the method of Beauchamp and Fridovich
(1971) and Wendel (1981), respectively. The hepatic
metabolic enzymes such as malate dehydrogenase (MDH)
and glucose-6-phosphate dehydrogenase (G-6-PD) were
determined as described by Ochoa (1955) and Morales et
al. (1990), respectively.

Intestine morphology analysis

At the end of the feeding trial, all the fish were starved
for 24 h and three fish per treatment were euthanized
using a high dose of tricaine methanesulfonate (MS-222,
Sigma-Aldrich Inc.) to excise the intestine samples for
histological analysis. The intestine samples were fixed in
a 10% neutral buffered solution. Then, the samples were
dehydrated with a series of ethanol concentrations, and the
dehydrated samples were cleared in xylene and embedded
in paraffin blocks according to standard histological
procedure (Bell and Lightner, 1988). The blocks were then
cut into slices (4—5 pm thickness) using an RM2125RTS
rotary microtome (Leica), mounted onto glass slides, and
stained with haematoxylin and eosin (H and E). Finally,
the slides were observed using a DM750 light microscope
(Leica), and the digital images were captured using a Leica
EC3 camera and the Leica Application Suite Version 2.0.0.

Haemato-biochemical analysis

The blood samples were collected using a 1-ml
heparinized syringe from the caudal vein of 3 anesthetized
fish from each replicate. The collected blood samples were
transferred to heparinized and non-heparinized tubes and
stored on ice immediately. The heparinized blood samples
were utilized to analyze the haematological parameters
such as leucocyte (Leuk) counts, erythrocyte (Ery) counts,
lymphocytes (%), haematocrit (HCT), haemoglobin
(Hb), platelet (PLT) counts, mean corpuscular volume
(MCV) and mean corpuscular haemoglobin concentration
(MCHC). The haematological parameters were analyzed
using a fully automated haematology analyzer (Zybio Z3
Inc., China). The blood Nitroblue tetrazolium (NBT) or
Respiratory burst activity assay was analysed using the
protocol of Anderson and Siwicky (1995).

The non-heparinized blood samples were allowed
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to clot at 4°C for 2 h until the serum was collected by
centrifugation blood at 3500 g for 25-min at 4°C in a
refrigerated centrifuge (Eppendorf Centrifuge 5804R).
The serum biochemical parameters such as glucose (GLU),
cholesterol (CHO), triglycerides (TG), total protein
(TP), albumin (ALB), total bilirubin (T-BIL), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP) were analyzed
by the commercial kit methods (Pathozyme Diagnostics
Pvt. Ltd., Maharastra, India) using a semi-automatic
biochemistry analyzer (Cytokine - SK3002B, Cytokine
Healthcare Pvt Ltd., Chennai, Tamil Nadu, India). The
serum total antiprotease activity was determined following
the protocol of Zuo and Woo (1997). The lysozyme activity
was measured using turbidimetrically according to the
method of Sankaran and Gurnani (1972) using lyophilized
hen egg white lysozyme (HEWL; Sigma) as standard.

Statistical analysis

All data obtained from this study were statistically
analyzed using one-way ANOVA following the Duncan
multiple range test (Duncan, 1955) using statistical
software SPSS 24.0 (SPSS Inc., USA) for Windows to
determine the significant difference (p < 0.05) among
the treatments. All data are expressed as mean values +
standard deviation (SD) (n=3).

RESULTS

Digestive enzyme activities of striped murrel

The digestive enzyme activities such as amylase,
protease, and lipase of striped murrel fed different levels of
PBM and supplementation of FPH diets are shown in Table
II1. No significant differences (p > 0.05) were observed in
amylase and lipase activities but a significant difference
(p < 0.05) was observed in protease activities of striped
murrel fed experimental diets. Significantly (p < 0.05)
higher protease (7.03+0.38, 6.96+0.31 and 6.794+0.39 Umg
! Protein) activities were recorded in fish fed 25 PBM+FPH,
50 PBM+FPH, and 35 FM (control) diets, respectively.

Hepatic antioxidant and metabolic enzyme activities of
striped murrel

The hepatic antioxidant and metabolic enzyme
activities such as CAT, - SOD and GPx and G-6-PDH and
MDH are shown in Table IV. No significant (p > 0.05)
differences were observed in SOD, GPx and MDH activities
of striped murrel fed experimental diets. Significantly (p <
0:05) higher CAT (49.26+5.16,57.29+8.24 and 57.29+4.04
U mg’! protein) and G-6-PDH (0.27+0.01, 0.28+0.01 and
0.27+0.02 U mg™! protein) activities were found in fish fed
25 PBM+FPH, 50 PBM+FPH and 35 FM (control) diets
than other diets, respectively.

Table III. Digestive enzyme activities (U mg Protein) of striped murrel fed PBM with and without supplementation

of FPH diets.
Experimental diets p value
35 FM 25 PBM 50 PBM 25 PBM + FPH 50 PBM + FPH
Amylase 2.97+0.35 3.06+0.45 2.90+0.23 2.80+0.32 2.93+0.21 0.901
Protease 6.79+0.39* 6.41+0.28% 6.11+0.35° 7.03+0.38* 6.96+0.31* 0.039
Lipase 3.96+0.29 3.65+0.21 3.74+0.21 3.77+0.10 3.88+0.14 0.386

The digestive enzyme activity values were represented as mean + SD of three replicates per treatments (n=3) and the values with different superscripts

indicate significant differences as determined by Duncan’s test (p < 0.05).

Table IV. Antioxidant and metabolic enzyme activities (U mg™' Protein) of striped murrel fed PBM with and without

supplementation of FPH diets.

Experimental diets p value
35 FM 25 PBM 50 PBM 25 PBM + FPH 50 PBM + FPH
CAT 57.29+4.04° 47.12+5.16° 36.94+5.79° 49.26+5.16* 57.29+8.24% 0.009
SOD 51.39+5.24 61.11+2.40 59.02+7.89 60.41+5.51 59.03£7.89 0.362
GPx 1.92+21 1.92+0.77 1.99+0.44 2.35+0.37 1.64+0.33 0.499
G-6-PDH 0.274+0.02* 0.23+0.01° 0.24+0.03° 0.27+0.01° 0.28+0.01* 0.019
MDH 3.41£0.82 4.13+0.47 3.61+0.36 3.41+1.64 4.65+1.35 0.560

The antioxidant enzyme activity values are represented as mean + SD of three replicates per treatments (n=3) and the values with different superscripts
indicate significant differences as determined by Duncan’s test (p < 0.05). CAT, Catalase; SOD, Superoxide dismutase; GPx, Glutathione peroxidase;

G6PDH, Glucose-6-phosphate dehydrogenase; MDH, Malate dehydrogenase.
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Table V. Intestinal morphology of striped murrel fed PBM with and without supplementation of FPH diets.

Experimental diets p value
35 FM 25 PBM 50 PBM 25 PBM + FPH 50 PBM + FPH
Villi length (um) 210.80+4.50° 187.87+2.84° 172.46+4.26° 213.22+4.75* 218.44+9.71¢ <0.001
Villi width (um) 32.89+1.90° 28.05+00.62" 25.31+0.44° 30.11+2.19* 32.41+3.05% 0.003

The intestine villi length and width values were represented as mean + SD of three replicates per treatments (n=3) and the values with different superscripts

indicate significant differences as determined by Duncan’s test (p < 0.05).

Table VI. Haemato-biochemical responses of striped murrel fed PBM with and without supplementation of FPH

diets.

Haemato-biochemical Experimental diets p value
parameters 35 FM 25 PBM 50 PBM 25 PBM + FPH .. 50 PBM + FPH
Haematological parameters

Hb (g dl') 10.93+0.58 11.37+0.45 10.80+0.10 11.53+0.38 11.15+0.47 0.303
Leuk (1000/cumm) 22.93+1.69 24.19£1.25 23.17£1.62 23.68+0.89 23.41£1.16 0.815
Ery (million/cumm) 2.60+0.20 2.30+0.27 2.50+0.34 2.53+0.31 2.43+0.07 0.696
Ht (%) 42.47+0.57 42.60+0.65 42.90+0.56 42.60+0.92 42.93+0.25 0.857
MCV (1) 164.02+£13.52  186.34+20.98 173.78+23.96  169.51+£16.62 176.78+5.18 0.610
MCH (pictograms) 25.75+1.55 26.68+0.85 25.17+0.10 26.08+1.73 26.86+0.75 0.425
MCHC (g dI'") 42.26+4.69 49.63+4.54 43.76+6.10 44.38+6.98 47.48+1.64 0.442
NBT (OD at 450 nm) 1.05+0.06 1.01+0.07 0.9840.02 1.06+0.05 1.06+0.06 0.381
Biochemical parameters

GLU (mg dl'") 44.73£1.06 42.62+1.41 42.5442.86 43.70+1.65 43.89+2.06 0.610
TRY (mg dI'") 243.5842.38  240.03+£2.05  241.00+1.26 243.48+1.22 241.52+2.87 0.219
CHO (mg dI'") 105.0843.73 103:65+2.83  105.14+2.42 105.69+2.37 104.55+1.82 0.907
TP (mg dl'") 4.29+0.33 3.80+0.32 3.83+0.13 4.33+0.50 3.93+0.63 0.403
ALB (mg dI'") 2.43+0.31 2.30+0.32 2.67+0.38 2.91+0.05 2.36+0.40 0.190
GLB (mg dI'") 1.86+0.57 1.50+0.16 1.16+0.25 1.42+0.55 1.57+0.68 0.555
ALT (U ml") 29.02+5.47 28.26+4.18 28.02+2.86 28.44+5.27 26.99+2.72 0.983
AST (U ml'") 31.45+0.80 32.19£1.08 31.59+0.83 32.62+0.16 32.23+0.49 0.340
ALP (U ml) 13.43+0.88 13.66+0.92 13.68+0.98 13.74+0.42 13.64+0.13 0.988
APA (%, Trypsin inhibition) 67.04+1.93 65.43+2.10 65.67+1.92 67.35+0.86 67.55+0.84 0.409
Lysozyme (png/mL) 42.80+3.00 39.11+5.61 46.55+3.00 41.51£3.33 42.07+£3.74 0.284

The Haemato-biochemical parameter values were represented as mean + SD of three replicates per treatments (n=3) and the values with different
superscripts indicate significant differences as determined by Duncan’s test (p < 0.05). Hb, Haemoglobin; Leuk, Leukocytes; Ery, Erythrocytes; Ht,
Haematocrit; MCV, Mean corpuscular volume; MCH, Mean corpuscular haemoglobin; MCHC, Mean corpuscular haemoglobin concentration; NBT,
Nitroblue tetrazolium test; GLU, Glucose; TRY, Triglycerides; CHO, Cholesterol; TP, Total protein; ALB, Albumin, GLB, Globulin; ALT, Alanine
transaminase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; APA, Antiprotease activity.

Intestinal morphology of striped murrel

The intestinal villi length and width of striped murrel
fed different levels of PBM and supplementation FPH
diets are shown in Table V. Significant differences (p <
0.05) were observed in intestinal villi length and width
of striped murrel fed with experimental diets. Higher villi
length (210.80+4.50, 213.22+4.75 and 218.44+9.71 pm)
was observed in fish fed 35 FM (control), 25 PBM+FPH
and 50 PBM+FPH diets. Significantly higher villi width

(32.89+1.90, 30.114#2.19 and 32.414+3.05 pm) was
observed in fish fed 35 FM (control), 25 PBM+FPH and
50 PBM+FPH diets. However, fish fed 25 PBM+FPH
(30.1142.19 um) group villi width was not significantly
different with fish fed 25 PBM (28.05+00.62 pum) dietary
group. The intestine morphology of striped murrel fed
with different levels of PBM and supplementation of FPH
diets are shown in Figure 1.
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Fig. 1. Intestinal morphology (40 X magnification;
scale bar with 100 um) of striped murrel fed PBM with
and without supplementation of FPH diets (A: 35 FM
(control); B: 25 PBM; C: 50PBM; D: 25 PBM+FPH; E:
50 PBM+FPH). VL, Villi length; VW, Villi width and MT,
Muscular thickness.

Haemato-biochemical responses of striped murrel

The haemato-biochemical responses of striped murrel
fed different levels of PBM and supplementation of FPH
diets are shown in Table VI. No significant differences (p
> (.05) were observed in haematology parameters such
as Hb, Leuk, Ery, Ht, MCV, MCH, MCHC and NBT
values of striped murrel fed different levels of PBM and
supplementation of FPH diets. Similarly, no significant
differences (p > 0.05) were observed in serum biochemical
parameters (such as GLU, TRY, CHO, TP, ALB, GLB,
ALT, AST, ALP, APA,) and Lysozyme values of striped
murrel fed experimental diets.

DISCUSSION

The specific activity of digestive enzymes directly
correlates with the apparent digestibility coefficient
of diets. This present study showed that there were no
major adverse effects on digestive enzyme activities in
striped murrel when fish were fed PBM with or without
supplementation of FPH diets. Likewise, no significant
differences were observed in the protease and amylase
activities of Channa striata when FM was replaced with
up to 15% of FPH diets (Siddiah ef al., 2022). Fontinha
et al. (2021) showed that up to 83% of PBM had no effect
on the protease, trypsin, chymotrypsin, lipase and amylase
activities of Sparus aurata. Furthermore, the results
are consistent with previous studies, such that a higher
inclusion of PBM up to 50-55% does not alter the trypsin,
chymotrypsin, lipase and amylase activities of Sobaity
gilthead sea bream (Sparidentex hasta) (Hekmatpour et al.,
2019) and Sparus aurata (Karapanogiotidis et al., 2019).

However, the pepsin activity of Sparus aurata increased
with increasing PBM inclusion. On the contrary, the
activity of digestive enzymes was impaired and reduced
when FM was replaced with more than 60% of the PBM
in the diet of the great sturgeon (Huso huso) (Hassani et
al., 2021).

The activity of the antioxidant enzyme displays the
stress responses and the immune status of animals against
oxidation. The enzymes, including CAT, SOD, and GPx,
are intracellular antioxidant enzymes that scavenge the
free radicals and reactive oxygen species (ROS) to reduce
the harmful effects of oxidation. The SOD converts the
superoxide ions (O,) into hydrogen peroxide (H,0,) and
then H O, catalyzed into water (H,0O), and molecular
oxygen by CAT and GPx. In the present study, it is found
that no significant differences were observed in SOD and
GPx activities, and higher CAT activities were observed
in fish fed with graded levels of PBM supplemented with
FPH. These findings clarified that the partial replacement
of FM protein with PBM and supplementation of FPH does
not influence the immune responses and health status of
striped murrel. Likely, similar levels of SOD activity was
obtained in olive flounder fed with 50% chicken by-product
meal (CBM) by replacing FM protein (Ha et al., 2021).
Studies by Khosravi et al. (2015), Siddaiah et al. (2022)
and Suratip et al. (2023) reported that on supplementation
of fish-based protein hydrolyzates in low fish meal diets
did not influence the antioxidant status of red sea bream
(Pagrus major) and Channa striata. In accordance with
the previous studies, no significant changes were observed
in malate dehydrogenase (MDH) in Channa striata fed
with PBM and supplementation of FPH diets by replacing
FM. The hepatic metabolic enzymes G-6-PDH and MDH
are involved in pentose phosphate and the citric acid cycle
pathways. They might have produced metabolites such
as S-glucose-6-phosphate, oxaloacetate and NADPH,
which are needed to synthesize nucleic acids, fatty acids,
steroids, and certain amino acids and are also involved
in antioxidant reactions by scavenging the free radicals,
respectively (Rao and Rao, 1987; Takahashi-fiiiguez et al.,
2016). Therefore, the results of PBM and FPH diets were
not significant that of control and it is confirmed that using
up to 50% of PBM supplemented with FPH can replace
FM protein without affecting the metabolic activities of
Channa striata.

The composition of feed ingredients significantly
impacts intestinal structure, and the results of long intestinal
folds and villi lengths reflect the overall performance of
fish health and nutrient utilization efficiency of diets. In
contrast, shorter folds and villi lengths are indications of
poorer nutrient utilization and reduced growth responses.
This study obtained significantly higher villi lengths and
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heights in fish fed with 50% PBM and supplementation
of FPH diets. Similar to our results, the surface area of
the intestine of large yellow croaker (Larimichthys crocea)
was not affected by FM replacement with up to 50% PBM
(Wang et al., 2023). According to Siddik et al. (2019), FM
replaced up to 70% of PBM without negatively impacting
the intestines of Asian seabass (Lates calcarifer). However,
total replacement of FM has significantly reduced the
microvilli height and diameter of juvenile barramundi
(Lates calcarifer) (Chaklader et al., 2020).

The haemato-biochemical responses are biomarkers
to evaluate the effects of feed ingredients on the immunity
and nutritional status of fish (Maita, 2007). In the present
study, it was found that FM protein could be replaced upto
50% with PBM protein and FPH supplementation without
affecting the haemato-biochemical responses of Channa
striata. Similar results were found in haematological and
biochemical responses of olive flounder (Paralichthys
olivaceus), gilthead seabream (Sparus aurata), black
sea bream (Acanthoparus schlegelii), and cobia
(Rachycentron canadum) when fish fed with 50% to 60%
of PBM incorporated diets, respectively (Zhou et al.,
2011; Karapanagiotidis ef al., 2019; Ha et al., 2021; Irm
et al., 2020). A mixture of PBM, shrimp, and blood meal
replaced with up to 80% of FM protein without affecting
the serum biochemical parameters such as ALT, AST,
CHO, TG, HDL-C (High-density lipoprotein cholesterol)
and LDL-C (Low-density lipoprotein cholesterol) levels in
juvenile hybrid grouper (Ye et al., 2019). Hekmatpour et
al. (2019) have demonstrated that no significant alterations
were observed in haemato-biochemical values except
cholesterol and AST, and the values of ALT and ALP
were significantly increased with the increment of PBM
in diets of sobaity sea bream. The various earlier reports
agreed with our results when the supplementation of FPH
in low FM diet did not impact the immune responses of
different fish species (Siddaiah et al., 2022; Suratip et al.,
2023; Chaklader et al., 2021). No significant differences
in serum NBT, APA, and lysozyme activities of Channa
striata were observed and reported in this study. The
serum NBT, APA, and lysozyme are components of the
first-line defense mechanism and play a vital role in fish
disease resistance and stress responses. Therefore, our
present results confirmed that replacement of FM protein
with PBM protein up to 50% and supplementation of
FPH did not affect the non-specific immune responses of
Channa striata. Similarly, 21.7% and 50% of CBM did
not influence the lysozyme activities of olive flounder
while replacing FM protein (Kim et al., 2021; Ha et al.,
2021). Moreover, dietary FPH supplementation of a low
FM diet has increased the innate immune responses of
fish. Likewise, the low fish meal diet supplemented with

shrimp, tuna and krill hydrolysate did not affect the serum
NBT, antiprotease and lysozyme levels of red sea bream
(Khosravi et al., 2015). Earlier studies like Siddaiah et al.
(2022) and Suratip et al. (2023) have demonstrated that
10% FPH and 2.5% TH did not affect the lysozyme level
and improved the innate immunity of Channa striata.

CONCLUSION

In conclusion, the present study revealed that PBM
protein could replace up to 50% of FM protein when
supplemented with FPH without affecting digestive
enzyme activities, intestine morphology, antioxidant and
metabolic enzyme activities and haemato-biochemical
responses of Channa striata juveniles. Further studies are
needed to achieve more than 50% FM replacement, which
can be obtained witha diet containing PBM supplemented
with FPH.
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