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INTRODUCTION

ABSTRACT

In this study, four groups of Nile tilapia (O.niloticus) were fed diets in which chitin
substituted cellulose (present in basal diet) by 0, 2%, 5% and 10%. Another 4 groups were
fed the same diets with the addition of 1g probiotic / kg diet. The group fed 10 % chitin +
probiotic had the best growth performance parameters and feed conversion ratio (FCR).
Condition factor (K) was optimal for the fish fed the highest chitin concentration with
probiotic in addition to the control group. The group fed 10% chitin+probiotic exhibited a
significant increase in the final weight, weight gain, and weight gain % over 0, 2, 10% chitin
and 0% chitin+probiotic groups. The control and the group fed 10% chitin with probiotic
have the highest K. They have significantly increased K values over 2%, 5% chitin groups
and the probiotic groups (0, 2, 5% chitin + probiotic). Aspartate aminotransferase and
alanine aminotransferase activities in fish homogenate were not significantly changed
between all groups. Catalase (CAT) activity was increased significantly in 5%
chitin+probiotic group overall groups. The group fed 10% chitin with probiotic has the
lowest catalase which was non significantly changed in most groups. Also, Glutathione was
increased significantly in the groups fed 2% chitin+probiotic and 10% chitin+probiotic over
those of the control and 5% chitin. It was increased significantly in the groups fed the basal
diet either supplemented with probiotics or supplemented with 5% chitin + probiotic over
the control. Similarly, the total protein was significantly increased in 10% chitin group over
all other groups. Its content in the control, 2% chitin and 5% chitin groups were significantly
increased overall groups fed probiotic diet. Therefore, and based on the presented data,
worthy to recommend the use of chitin as an aquafeed additive in aquaculture.

Capture fisheries is the utilization of the usable aquatic organisms by the public with or
without permissions (El-Sayed, 2006). Aquaculture is the farming of marine and freshwater
organisms under controlled conditions. It is a highly growing food production sector (Ahmed and
Thompson, 2019). Its global production of fish in 2018 was approximately 179 million tons
(FAO, 2020). Farmed Fish are a chief source of food for poor people (Stead, 2019). It is a cheap
form of animal protein (Nélle et al., 2020). Due to overfishing, fisheries stock worldwide is largely
exploited. As the aquaculture become the main source to cope the fish demand, there is an
awareness to increase its productivity with the increase of human population (Tidwell and Allan,
2001; Gephart et al., 2020). Tilapia is regarded as the second most farmed fish all-over the world
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after carp. Its global production is increased significantly in the past decade because of its
eligibility for farming, marketability and steady market prices (Wang and Lu, 2016; Prabu et al.,
2019).

Chitin is the second abundant naturally synthesized polysaccharide biopolymer after
cellulose (Croisier and Jéréme, 2013; Barikani et al., 2014; Zhu et al., 2019). It constitutes a
considerable quantity of the exoskeleton (shell) construction of crustaceans (Borié¢ et al., 2020). In
the environment, there are growing quantities of shell wastes from aquaculture and crustaceans
processing industry due to its slow biodegradability (Shahidi and Synowiecki, 1991). Thus, these
wastes are considered as important sources of pollution (Deng et al., 2020). Generally, the global
annual production of chitin is approximately 10™° - 10* tons (Elieh-Ali-Komi and Hamblin,
2016). Chitin is vital and renewable natural resource (Agboh and Qin, 1997; Ma et al., 2020).
Exoskeleton extracted chitin and its derivatives have a wide range of applications due to its
biocompatibility (Barikani et al., 2014), biodegradability (Zhu et al., 2019), antimicrobial and
antioxidative properties (Ahmad et al., 2020) and reactivity (Younes and Rinaudo, 2015).
However, its sources still disposed in the environment in large quantities (Kumar et al., 2018).
Consequently, its sources still regarded as underutilized (Ma et al., 2020).

Growth performance as well as the biochemical parameters of fish were used extensively for
the evaluation of different fish feed supplements (Sewaka et al., 2019; Fadl et al., 2020). Of the
biochemical parameters, transaminases as aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) act to convert amino acids to alpha keto acids and therefore reflect
transamination activity (Kobayashi et al., 2020). Antioxidant parameters like CAT and glutathione
were used to indicate the capacity of free radical scavenging for fish as well as other animals (Silva
et al., 2018; Habashy et al., 2019).

Previous studies used chitin as a feed supplement for different fish species (Ringe et al.,
2012). It has been estimated that its digestibility in the gastrointestinal tract of cod fish (Gadus
morhua) reach up to 90 %. Also, it has chitinase activity in their gastrointestinal tract (Danulat,
1987). Moreover, it has been approved that juvenile cobia (Rachycentron canadum) has
chitinolytic activity in their gastrointestinal tract. Therefore, they can digest chitin without the aid
of gut microflora (Fines and Holt, 2010). Chitin supplementation in the diet of different fish
species (Yellowtail, sea bream and Japanese eel) elevates growth rate and feed efficiencies (Kono
et al., 1987). For tilapia, Shiau and Yu (1999) ascertain that growth performance and diet
ingredient digestibility of hybrid tilapia (O. niloticus x O. aureus) fingerlings are inversely
proportional to the increase of added chitin in diets. In contrast, chitinase activity has been
measured and approved in the gastrointestinal tract and serum of O. niloticus (Molinari et al.,
2007).Therefore, the present study was conducted to investigate the efficiency of using
exoskeleton extracted chitin as a feed supplement for tilapia aquaculture. The aim also extends to
improve the exoskeleton extracted chitin as feed supplement through the probiotic
supplementation. This also aims to increase the utilization of exoskeleton waste and minimize
environmental pollution.

MATERIALS AND METHODS

1. Chitin extraction:

The source of chitin was exoskeleton wastes of shrimp. It was obtained from EI-Obour market,
Qalubia, Egypt. Chitin was extracted according to Abdou et al. (2008) with some modifications as
the following:
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1- Preparation of exoskeleton wastes for chitin chemical extraction:
The hard exoskeleton parts which contains chitin was purified from fleshy parts by
hand, washed thoroughly in water, desiccated in room temperature and cut into small
bits using home blender.
2- Chemical extraction was carried on 30g of crushed material. The following steps were
performed:

A- Demineralization: of crushed material was carried out at room temperature using 1M
HCI acid bath with vigorous shaking many times for 2 days.

B- Deproteinization: was performed using 1M NaOH solution bathes at 120°C with
vigorous shaking for 1 hour each bath. The number of bathes depend on the clarity of
the solution. The sign of protein digestion is the solution clearance of color. Then, the
material was washed with distilled water till neutral pH using pH meter.

C- Decolorization: The extracted chitin from shrimp exoskeleton wastes is highly pink due
to the presence of pigment traces, so that these pigments were removed using 0.1M
KMnQO,4, 0.1M oxalic acid and 0.1M H,SO, which respectively added with shaking.
Then, chitin was refluxed in ethanol to eliminate the traces of proteins and pigments.
Afterwards, the prepared fluffy white chitin was desiccated in room temperature.

The chemical extraction process was repeated 3 times to calculate the yield of chitin.

The extracted chitin was chemically and physically characterized to approve the success of
extraction methodology. The characterization of chitin was performed using Fourier Transform
Infrared spectroscopy (FT-IR, Scientific Nicolet iS10, Chemistry department, Faculty of Science,
Benha University). FT-IR spectra was recorded in the range of 4000-400 cm™'. Also, it was
characterized by scanning electron microscopy (SEM) using (JEOL JEM-100XII SEM, Faculty of
Agriculture, Mansoura University) and X-ray diffraction (XRD). X-ray diffraction was measured
using X-Pert diffractometer (Central Metallurgical Research and Development Institute, EI-Tebbin,
Helwan) with Ka- Cu source A = 154 pm. The analysis was recorded for 2 6 in the range 15-80°.
The yield percent of chitin was calculated using the following formula:

Chitin yield percent = (average weight of prepared chitin / weight of crushed material used) x 100.

2. Experimental diet formulation

The composition of the semi-purified diets is shown in Table (1). The fish meal, wheat
flour and other solid ingredients were dried at 60° C for 12 hours. Solid diet ingredients were well
sieved from large parts, bones and spines to obtain well mixing for all diet ingredients. To prepare
one kg of each diet, 520 g fish meal, 75 g wheat flour, 250 g maltose, 10 g mineral mixture and 10
g vitamin mixture were mixed. Then 5 g carboxymethyl cellulose was added to work as a binder to
stabilize the feed in water. One hundred g of cellulose was added in the basal diet of the control.
Extracted chitin was added to the diets as a replacement of cellulose to keep the ratio of each diet
ingredient constant. All ingredients were well mixed to obtain homogeneous mixture. Thirty g of
fish oil was mixed with 550 ml distilled water and then were added gradually on the ingredient
mixture with vigorous mixing to prepare homogeneous dough. Eight diets were formulated. In the
first four of them chitin substitutes cellulose by 0, 2, 5, and 10 g/100 g diet. The other 4 diets were
the same serial substitution of cellulose with chitin in addition to 1 g probiotic/kg diet. The
composition of the used probiotic was indicated in Table (2).
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Table 1. Experimental diets ingredients and formulation (% as dry mass)

Basal diet Chitin without probiotic Basal d.+ pro Chitin with probiotic
Groups Gl G2 G3 G4 G5 G6 G7 G8
Ingredient % Negative 2% 5% 10% Positive 2% 5% 10%
control chitin chitin chitin control chitin chitin chitin
fish meal 52 52 52 52 52 52 52 52
wheat flour 7.5 7.5 7.5 7.5 7.5 7.5 75 7.5
Maltose 25 25 25 25 25 25 25 25
Cellulose 10 8 5 0 10 8 5 0
Chitin 0 2 5 10 0 2 5 10
fish oil 3 3 3 3 3 3 3 3
mineral mix 1 1 1 1 1 1 1 1
vit. Mix 1 1 1 1 1 1 1 1
CMC 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
% 100 100 100 100 100 100 100 100
Probiotic - - - - 1g/kg 1g/kg 1g/kg lag/kg

Table 2. PRO - PAC probiotic content (PRO — BYN international Inc, USA)

Ingredients Product specification Ingredients Product specification
Lactobacillus Acidophilus 100 g/kg (1.0x10° CFU/gm) Betaine HCI 97 % 100 g/kg
Bifidacterium bifidum 2 g/kg (2.0x10° CFU/gm) Xylanase 12500 Units/kg
Enterococcus faecium 50 g/kg (5.0x10" CFU/gm) Hemicellulase 2750 Units/kg
Lactobacillus planterum 4.8 glkg (4.8x10" CFU/gm) Beta — glucanase 2250 Units/kg
Aspergillus oryzae fermentation 50 g/kg Bacillus subtilus 50 g/kg
extracts

fermentation extracts

Cellulase 4500 Units/kg Alpha Amylase 25000 Units/kg

Protease 12500 Units/kg Dextrose
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3. Fish and feeding trials

O. niloticus fry (0.491 £ 0.016 g) were obtained from a private aquaculture hatchery (El-
Abassa, Abo-Hammad, Sharqueia, Egypt). Acclimation to laboratory conditions was carried out
for 3 weeks. Afterwards, the fish frys of apparently similar size were randomly distributed in well
aerated 16 glass aquaria as a group of 10 fish/ aquarium. The density of fry was 1 fry/2L. Feeding
trials were conducted in duplicated order (2 glass aquaria for each group). Thus, the experimental
groups were as follows: G1- fed basal diet, G2- fed the basal diet with 2% chitin, G3- fed the basal
diet with 5% chitin, G4- fed the basal diet with 10% chitin, G5- fed the basal diet + probiotic, G6-
fed the basal diet with 2% chitin + probiotic, G7- fed the basal diet with 5% chitin + probiotic and
G8- fed the basal diet with 10% chitin + probiotic. The overall initial weight of fish frys in each
group was weighed. The fish were fed at a rate of 5% of their total body weight per day for 11
weeks. The provided feeds were consumed within 30 minutes and no feed remains were observed.
Fish were fed twice a day at 10:00 a.m. and 4:00 p.m. Total fish weight per aquarium was
determined weekly and feeding rate was adjusted accordingly. The aquarium water was completely
exchanged every 3 days as one third was replaced with dechlorinated tap water daily. The
photoperiod was adjusted at 12 D:12 L using 24 h timer. Water temperature for all groups were
24+2 °C during the experiment. Survival rate of tilapia fingerlings was estimated for each group at
the end of the experiment.

4. Sample collection and analyses
4.1. Growth parameters

All fish from each aquarium were collected individually at the end of the experiment. Then,
every fish was wiped from water curiously by soft tissue and weighed individually by an electronic
balance (KERN ABJ 220-4M, Germany). The overall fish weight in each tank was computed and
used for the growth performance parameters calculations. Fish total length was measured by a
ruler. Each fish was kept separately in a labeled plastic bag in refrigerator (- 4°C) till the
biochemical analysis. Growth parameters were calculated using the following formulae:
Growth parameters:
Weight gain (g9)= Wi —W,;
Weight gain (%) = (Ws—-W; /W;) x 100
Specific growth rate (SGR, % day™) = (In W; — In W; ) x 100 / duration (days)
Fulton's condition factor (K, g/lcm®) = (fish weight (g) / fish length® (cm)®) x 100
Feed utilization:
Feed conversion ratio (FCR) = feed fed (g) / body weight gain (g)

4.2. Homogenization and biochemical analyses:

The whole fish obtained from the refrigerator were homogenized separately in 3 ml of 0.8
% freshly prepared sucrose solution. Sucrose solution were added in two steps. In the first step,
2ml was added, while in the second step 1 ml was added to wash the sample tube and the
homogenizer (MPW-320, Poland) rod. The homogenization process continues till the sample
become well homogenized and no solid parts were present. During homogenization process the
samples were cooled in ice bath to prevent enzymes’ degradation by the heat produced during
homogenization. The homogenates were transferred to a 5 ml labeled plastic tubes. Afterwards,
they were centrifuged for 5-7 minutes at 5000 round per minute (rpm) till the supernatants became
clear. The supernatants were transferred to a labeled 2ml eppendorf tubes. Then, they were stored
in a freezer (-2 to -8 °C) for a period not more than 2 to 4 weeks till measuring the biochemical
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parameters. The biochemical parameters were measured using UV-Visible spectrophotometer
(Sunostik, SBA-700 PLUS) according to the following procedures:

1- AST and ALT activities: According to enzymatic degradation of NADH (nicotineamide
adenine dinucleotide hydrogen), AST (E.C 2.6.1.1) and ALT (E.C 2.6.1.2) activities
were measured photometrically (Schumann et al., 2002) using biosystems diagnostic
kit (Barcelona, Spain), catalogue no M11531i-23. The detection limits were 1.1 U/L for
AST and 1.6 U/L for ALT.

2- Reduced Glutathione (GSH): It was measured colorimetrically in the reaction of 5,
5’dithiobis (2- nitrobenzioc acid) (DTNB) with glutathione (GSH) producing yellow
color (Beutler et al., 1963). The resulted color was measured at 405 nm. It was
quantified using bio-diagonistic kit (Giza, Egypt). Catalog no. GR 25 11.

3- Catalase (CAT) activity: It was measured colorimetrically using bio-diagonistic Kit
(Giza, Egypt), catalogue no CA 25 17. Catalase reacts with a known quantity of H,O..
The reaction was stopped after exactly 60 seconds with CAT inhibitor. In the presence
of horseradish peroxidase (HRP), the remaining H,O, reacts with 3,5-dichloro-2-
hydroxybenzene sulfonic acid (DHBS) and 4-aminophenazone (AAP) to form a
chromophore with a color intensity inversely proportional to the amount of CAT in the
original sample (Fossati et al., 1980; Aebi, 1984). The produced color was measured at
510 nm.

4- Total protein: It was measured colorimetrically using diagnostic kit (Diamond, Cairo,
Egypt). Proteins were reacted with copper salts in an alkaline medium to produce
intensive violet-blue complex (Young, 2001). The intensity of the color produced was
measured at 546 nm (530 nm — 570 nm) and proportional to the total protein
concentration in the sample. The sensitivity is 1 g/dL = 0.07A, and accuracy include
correlation coefficient = 0.9918.

5. Statistical analysis
All data were presented as mean + S.E. Data analysis were carried out using one-way
ANOVA (Duncan test) by IBM SPSS statistical program version 20 (Duncan, 1957)

RESULTS

1. Confirmation of extracted chitin

FT-IR spectra (Figure 1) illustrates the main functional groups which are present in chitin
structure, that was agreed with Kaya et al. (2017). Scanning electron micrograph (Figure 2)
illustrates chitin morphology and its arrangement, that coincided with De Andrade et al. (2012).
XRD pattern (Figure 3) confirm the crystallinity of shrimp extracted chitin. The pattern is identical
to the most publicized XRD patterns of chitin (Abdou et al., 2008; Arrouze et al., 2019).
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2. Chitin yield

Chitin yield from the shrimp exoskeleton waste extraction was computed based on the
formula mentioned in materials and methods section. It was estimated in triplicate order, 30 g of
the exoskeleton waste each time was processed for the chitin extraction. The average percentage of
chitin yield was computed as the following:

Chitin yield (%) = ((5.8+6+6.5 g/3)/30) x 100 = 20.33 % + 0.693 (mean = S.E.)
3. Growth and feed utilization parameters

Growth and feed utilization parameters are shown in Table (3). The highest final weight,
weight gain, weight gain %, SGR and the best FCR were obtained for G8 which fed the basal diet
supplemented with 10% chitin + probiotic. The negative control group (G1) which fed the basal
diet (0% chitin) had the highest K value (16.483 + 0.506 g/cm3). While, G8 recorded the second
higher K value. Fingerlings of the same group (G8) had significant increase in their final weight,
weight gain and weight gain % over those fed the basal diet with 0, 2, 10% chitin and 0% chitin +
probiotic. Also, fingerlings of G8 were significantly better in SGR and FCR than 0 % and 10%
chitin groups. Nile tilapia fingerlings fed diet with 2%, 5% chitin alone and 2, 5% chitin+probiotic
had significant reduction in K values compared with the control group and G8 group. Similar trend
was found in fingerlings fed basal diet with probiotic alone. During the experimentation the
survival rate of the fish was high for all groups. It was 100% for all groups and 95% for both
control and 5% chitin groups.
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Table 3. Effect of dietary chitin and chitin + probiotic on growth performance and feed utilization

efficiency of O. niloticus fingerlings (% as dry mass)

Basal diet Chitin without probiotic Basal d.+ pro Chitin with probiotic
groups Gl G2 G3 G4 G5 G6 G7 G8
parameters Negative 2% 5% 10% Positive 2% 5% 10%
control chitin chitin chitin control chitin chitin chitin
Wi 4.8725 4.863 4.793 4.848 4.819 4.758 4.898 4.773
+0.007 +0.043 +0.076 +0.031 +0.044 +0.054 +0.037 +0.102
Wi 12.525®  13.104%®  14.388%° 11.638° 13.018%® 15.634™  14.167%° 17.0¢
+0.518 +1.566 +1.04 +0.996 +1.291 +1.343 +0.407 +0.184
W gain 7.653% 8.241% 9.595 ¢ 6.790° 8.2% 10.606™  9.269*° 12.226°¢
+0.525 +1.609 +0.963 +1.027 +1.247 +1.397 +0.444 +0.081
W gain (%) 157.017® 169.758® 199.949%°  140.226°  169.952®  223.27™  189.33%  256.214°
+11.026  +34.597 +16.912 +22.107 +24.309 +31.895 +10.505 +3.794
SGR 1.209% 1.261%° 1.406*° 1.118° 1.267 % 1.497™ 1.361%° 1.628°
+0.055 +0.165 +0.072 +0.118 +0.115 +0.126 +0.046 +0.013
K 1.648° 1.531%® 1.489° 1.566 *° 1.487° 1.524% 1.524%® 1.622™
+0.050 +0.004 +0.034 +0.011 +0.012 +0.045 +0.017 +0.002
FCR 3.168™ 3.129%° 2.721% 3.603° 3.145%¢ 2.659% 2.884 ¢ 2.344%
+0.050 +0.386 +0.067 +0.3675 +0.268 +0.180 +0.130 +0.048
Survival (%) 95+0.5 100 95+0.5 100 100 100 100 100

Wi: (mean initial weight), Wf: (mean final weight), W: (weight), SGR: (specific growth rate), K: (fulton condition factor),
FCR: (feed conversion ratio). Means with different superscript letters in the same row are significantly different at P <
0.05. All data presented as mean + S.E.

4. Biochemical parameters

It is worthy to mention that the changes in both ALT and AST activities were not
significant between all groups. The results of ALT showed that the control group which fed the
basal diet (G1) had the lowest activity and the group (G6) which fed diet having 2% chitin with
probiotic had the highest activity. AST results illustrated that the group fed 2% chitin diet (G2)
recorded the lowest activity and the highest activity was noticed in the group fed 10 % chitin with
probiotic (G8).

The catalase (CAT) activity as an antioxidant biomarker was increased significantly in the
group fed 5% chitin with probiotic (G7) over all other groups. On the other hand, the group fed
10% chitin with probiotic (G8) had the lowest CAT activity that was non significantly varied from
all tested groups except G7. While, the glutathione (GSH) content was increased significantly in
the group fed the basal diet with probiotic (G5) and the group fed 5% chitin with probiotic (G7)
compared with the control group (G1). Also, the groups fed diets having 2% and 10% chitin with
probiotic (G6 and G8, respectively) had significant increase in GSH content over the groups fed
the basal diet (G1) and 5% chitin (G3). It was prominent that all groups fed diets with probiotic
had higher GSH content than groups fed diets devoid of probiotic. Only fingerlings of 2% and 10%
chitin (G2 and G4) groups exhibited non- significant decrease in GSH (Table 4).

The total protein content was significantly increased in the group fed diet having 10%
chitin (G4) over all other groups. Moreover, its content in the groups fed basal diet (G1), 2% chitin
(G2) and 5% chitin (G3) was significantly increased over all groups fed diet containing probiotic
whether having chitin or not (G5, G6, G7 and G8). Therefore, it was eminent that all groups fed
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diets devoid of probiotic had significant increase in the total protein content over the groups fed
diets containing probiotic. In this context, the total protein content was significantly reduced in fish
fingerlings fed the basal diet supplemented with probiotic only compared with those fed the basal
diet. Therefore, and based on these data, it can be observed that the supplementation of probiotic
was a causative factor for reducing the total protein content in the overall fish body (Table 4).

Table 4. Effect of dietary chitin and chitin supported with probiotic on biochemical parameters of O.

niloticus fingerlings (% as dry mass)

Basal d.+
Basal diet Chitin without probiotic probiotic Chitin with probiotic
groups Gl G2 G3 G4 G5 G6 G7 G8
ALT (g/L) 25.679° 36.014° 38.507° 68.882° 55.698° 72.142° 32.796° 39.232°
9 +2.19 +9.526 +14.396 +16.839 +10.559 +26.519 +10.362 +12.653
AST (g/L) 157.933° 136.091° 319.129° 235.704° 274.464° 289.624° 180.769° 319.998°
9 +44.944 +40.430 +60.363 +69.606 +77.446 +45.732 +52.198 +79.092
CAT 60.941° 84.004% 54.203% 87.301% 55.062° 63.352% 101.313° 53.795°
(U/L) +15.877 +8.425 +4.51 +19.664 +6.844 +8.376 +18.432 +8.958
GSH 0.204 4.743%° 2.625% 5.841%° 8.084" 9.977° 8.365" 9.628°
(mg/dL) +0.057 +1.529 +1.218 +1.284 +2.533 +2.002 +1.268 +3.242
TP (U/ml) 5.974° 7.040° 5.429° 10.381° 1.2438 1.261° 1.358% 0.965°
+1.366 +0.539 +0.592 +1.006 +0.088 +0.151 +0.461 +0.037

AST: (Aspartate aminotransferase), ALT: (Alanine aminotransferase), CAT: (Catalase), GSH: (Glutathione
reduced), TP: (Total Protein). Means with different superscript letters in the same row are significantly
different at at P < 0.05 . All data presented as mean + S.E.

DISCUSSION

Growth performance parameters are used extensively for evaluating the different diets as
well as different supplements on fish (Aziza et al., 2020; Naiel et al., 2020). In the present study,
the basal diet supplemented with chitin (2% and 5%) induces non-significant increase in growth
performance parameters compared with the control. Worthy to mention that, the highest used chitin
concentration (10%) evoked growth performance like those of the control. This contrasts with
those reported earlier. It has been found that chitin supplementation induces faster growth and
better health for different fish species such as Yellowtail, sea bream and Japanese eel (Kono et al.,
1987).

Chitinolytic enzymes are distributed in different parts of the digestive tract of fishes where
they have high activities. Similarly, they have different functions among different fish species
(Molinari et al., 2007; Fines and Holt, 2010; Ikeda et al., 2017; Baehaki et al., 2018). However,
chitinolytic enzymes functions are variable and species-specific, the major function is the break-
down of chitin (Lindsay, 1984). Chitinase activity has been measured in stomach, intestine and
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serum of Nile tilapia (O. niloticus). Its function in the serum may be to play a defensive role
against chitinous pathogens (Molinari et al., 2007). It is well known that, larval stages of most
fishes depend mainly on crustacean zooplankton for feeding (Danulat, 1987). The chitinase
activities are unequally distributed in the alimentary tract (Matsumiya and Mochizuki, 1996).
Most teleost fishes have several chitinases in their stomachs (lkeda et al., 2017). These enzymes
primarily function in the break-down of chitinous materials presented with their diets (Gutowska
et al., 2004; lkeda et al., 2017).

The probiotics use in aquaculture help to improve fish digestibility and therefore improve
feed utilization (Opiyo et al., 2019; Tan et al., 2019). It is used experimentally as an aquafeed
supplement for different fish species (Banerjee and Ray, 2017; Tachibana et al., 2020; Xia et
al., 2020). Its use in aquaculture has been reported to be useful as they have several benefits
including growth and immune enhancement, inhibit pathogenic microorganisms, supporting health
and improving water quality in fishes and especially tilapia (Dawood et al., 2020). Numerous
studies have been conducted to estimate the effect of different probiotics on Nile tilapia. They
ascertain that probiotics effectively improve metabolic activity, immune response, feed
digestibility, water quality and growth performance (Adeoye et al., 2016; Opiyo et al., 2019; Tan
et al., 2019; Dawood et al., 2020; Tachibana et al., 2020).

The reported data in the present study declare that the growth performance parameters of
tilapia fish fed the basal diet supplemented with the , those fed the basal diet supplemented with 10
% chitin. Meanwhile, the diets supplemented with paired chitin and the probiotic promoted faster
growth rate presented as weight gain, final weight, SGR, and better feed utilization presented as
significant lower FCR values. It is noteworthy mentioning that, the highest tested dietary chitin
level (10%) alone promoted a non-significant reduction in the tested growth performance and feed
utilization parameters. The obtained data in this study declared that chitin supplementation alone
didn't induce significant increase of Nile tilapia growth. These results for Nile tilapia are
contradictory to those reported previously for different fish species fed chitin supplemented diet
(Kono et al., 1987). Meanwhile, data reported previously for hybrid tilapia fed chitin
supplemented diet declare significant reduction of growth parameters (Shiau and Yu, 1999), and
this was contradictory to the present results for tilapia fed diet supplemented with chitin. Similarly,
the Procambarus clarkii by-product meal induces general reduction of the growth performance of
Nile tilapia with significant value for 75 % and 100 % replacement with fish meal (Hady et al.,
2019). However, Nile tilapia have chitinase activity in its stomach, intestine and serum (Molinari
et al., 2007). However, the addition of the probiotic with basal diet+10% chitin level promoted the
highest growth performance parameters and the best FCR value (the lowest). This indicates the
importance of addition of a probiotic along with chitin for improving its digestibility. To the best
of our knowledge, this is the first attempt to improve chitin digestibility using probiotic
supplementation.

Enzymes activity measurement are among the main biochemical parameters that can
evaluate the effect of fish diet supplements on fish metabolic activity (Fadl et al., 2020; Xu et al.,
2020). In the present study ALT and AST activities in all groups (except AST activity of G2) were
not significantly increased, over the control group. This indicates that chitin as a feed supplement
doesn’t cause any liver or tissue damages. These results are consistent with the fact that enzyme
synthesis follows the physiological feedback mechanism. Thus, AST and ALT activities are
changed significantly in the case of the presence of stress factors that may cause tissue and liver
damage (Al-Khashali and Al-Shawi, 2013; Ranjan et al., 2020; Sakyi et al., 2020; Zahran et
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al., 2020). These results are consistent with the finding that was reported for the deacetylated
derivative of chitin (chitosan) supplemented diet don’t affect AST and ALT activities of Nile
tilapia (Fadl et al., 2020). Also, Hady et al. (2019) found that the Procambarus clarkia
(freshwater crayfish) by-product meal did not induce any alterations in the liver and gills of O.
niloticus.

Generally, CAT activity was non-significantly fluctuated in tilapia fed diet with chitin
and/or chitin+probiotic. It is worthy to mention that, fish fed 5% chitin with probiotic has a
significant increase in CAT activity over all other groups. This reflects enhanced antioxidant
profile for tilapia with more capacity for scavenging reactive oxygen species (ROS). Moving to
GSH, its content was raised non-significantly due to feeding on diet supplemented with chitin.
Also, its content in all fish groups supported with diets with the probiotic were significantly
increased over fish fed the basal diet. This also indicates the increase of antioxidant capacity of
Nile tilapia. Different studies ascertain that chitin enhances immune response of different fish
species such as gilthead seabream, Sparus aurata, (Gopalakannan and Arul, 2006), kelp grouper,
Epinephelus bruneus, (Harikrishnan et al., 2012) and mrigal carp, Cirrhinus mrigala, (Shanthi
Mari et al., 2014). It has been approved that diets supplemented with hydrolyzed shrimp shell
chitin change autochthonous (indigenous) gut bacteria and improve intestinal health resistance to
infection of hybrid tilapia (Qin et al., 2014). Also, our results are supported with the assumption
that chitin and its derivatives possibly act as prebiotic which can enhance gut epithelial barrier
function, beneficial gut microbiome and produce intermediate metabolites (as short-chain fatty
acids) which assist in immune system balancing (Nawaz et al., 2018).

In the present study, the total protein content in whole Nile tilapia body was significantly
reduced due to the addition of the probiotic to the basal diet. It's well known that, chitin and
cellulose are categorized as non-digestible fibers (Krogdahl et al., 2005). Different studies suggest
that fish preys contain chitin which may protect the prey exoskeleton against digestive enzymes of
the fish. So, chitin regarded as a foreign material when ingested with fish feeds (Gutowska et al.,
2004; Lindsay, 1984). Other studies suggest that chitinases function as defensive enzymes against
chitinous materials. High chitinase activity has been measured in serum of Nile tilapia (O.
niloticus) which may have defensive function promoted by chitinous materials (Molinari et al.,
2007). The findings of the present study ascertain that the groups fed diets devoid of the probiotic
have high total protein content which play a role in immune defense. Therefore, in this study, the
overall protein metabolic pathways may be directed to synthesize defensive proteins related to
chitin and/or cellulose (in basal diet) rather than fish muscle growth. On the other hand, it is well
known that probiotics play a significant role in the fermentation of non-digestible fibers which are
regarded as prebiotic such as chitin (Nawaz et al., 2018; Lopez-Santamarina et al., 2020) . The
addition of the probiotic act to ferment the chitin to useful non-foreign products. Thus, the overall
protein metabolic pathways may be directed to the muscle growth rather than the synthesis of
defensive proteins. This hypothesis is consistent with the reported data of growth parameters
obtained in the present study.

CONCLUSION

The current study ascertains that the addition of shrimp waste chemically extracted chitin
with probiotic to the basal diet enhances the growth parameters and the antioxidant activity of Nile
tilapia fry (O. niloticus). Furthermore, chitin in the diet as a prebiotic when added to the diet
supplemented with probiotic, it has a synergistic effect and therefore they (chitin and probiotic) act
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as a synbiotic. Therefore, and based on the presented data, it is worthy to recommend the use of
chitin as an aquafeed additive in aquaculture for sustainability.
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