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ARTICLE INFO ABSTRACT

Avrticle History: The current study was conducted to evaluate the effect of supplementing
Received: July 2, 2022 fish and gluten meals with chitosan and chitosan nanoparticles on the Nile
Accepted: July 19, 2022 tilapia growth performance, feed utilization, fatty acids profile and liver
Online: July 25, 2022 histology. The experimental design was completely randomized witha 2 x 3
factorial design; two protein sources; fish and gluten meals, and three forms
of chitosan (zero-chitosan, chitosan and chitosan nanoparticles). A total

Kgywqrds_: number of 270 O. niloticus fingerlings were randomly distributed among 18
Nile Tilapia, ; . .
. tanks (55 liters water capacity). The experiment lasted for 82 days. Results
Chitosan, - - .
. . indicated that the growth performance parameters and protein efficiency
Chitosan nanoparticle, . . - : .-
ratio of fish fed gluten meal-based diets were improved by the addition of
Gluten meal, ] . . : .
chitosan nanoparticles. Additionally, it was found that supplementation of
Growth performance, | | . ith chi cles i h |
Omega-3 gluten meal-based .dlet with chitosan nanoparticles mcrea_sed the tota
omega-3 level, while decreased the omega-6/omega-3 ratio. Moreover,
supplementation of gluten meal-based diets with chitosan nanoparticles
improved the histological architecture of the liver and reduced fish
mortality. Consequently, it is recommended to use chitosan nanoparticles as
feed additives to gluten meal-based diets at a level of 0.5%.
INTRODUCTION

During the past couple of decades, a remarkable enormous progression in aquaculture has
outpaced capture fisheries. Additionally, in the upcoming years, it is predicted to serve as a
principle source of aquatic animal requirements (Ahmed et al., 2020; FAO, 2022). Within the
last few decades, the aquaculture industry has developed and is well sustained. In spite of its
success, aquaculture industry has serious limitations; among low resistance to diseases, lack of
fry and high cost of fish meal have been recognized (Khalil, 2014).

Fish meal (FM) has been radically used in the world aquaculture feed industry due to its
basic nutrients, namely: vitamins, indispensable amino acids, essential fatty acids, major
minerals, several growth factors and essential fatty acids (Zhou et al., 2005). With the
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aquaculture extension, an improved alternative stock of protein sources is required to cover the
escalating cost, high demand and the fish meal unbalanced supply (Phumee et al., 2011:EI-
Husseiny et al., 2018).

One of the commercially attainable plant protein-based products is corn gluten meal (GM),
which is the wet milling of corn product (Wu et al., 1995). GM is regarded as a good alternative
plant protein source for FM (Metwalli, 2013). It contains about 60% crude protein (CP), 2% ash
and 1% crude fiber and crude lipid, respectively (Wu et al., 1995). In addition to its high protein
content, GM has a sufficient essential amino acids profile, though it lacks arginine and lysine
(Amerio et al., 1998). It is favored due to its high digestibility by Oreochromis niloticus, low
fiber content in addition to the absence of any anti-nutritional factors (Korprucu & Ozdemir,
2005). Several studies reported that gluten meal can substitute fish meal in many fishes (Wu et
al., 1995). Metwalli (2013) reported that inclusion of GM up to 75% as low cost plant protein
instead of fishmeal can be utilized in O. niloticus diets without adverse effect on growth
performance, blood characteristics and feed efficiency.

Chitosan [B-(1-4)-N-acetyl-D-glucosamine] (CS) has proved to be one of the smartest and
non-toxic natural cationic biopolymers. It belongs to polysaccharides with structural traits
compared to glycosaminoglycans (Muzzarelli et al., 1988). CS is the second most abundant
polymer after cellulose (Aranaz et al., 2009). It has remarkable properties including non-
toxicity, biodegrability, biocompatibility and improved solubility, in addition to,
immunorestorative properties (Shard et al., 2014). CS is obtained from the deacetylation of
chitin that is considered as an important component found in the exoskeletons of aquatic
crustaceans, such as: crayfish, crabs, shrimps and terrestrial organisms as well as cell walls of
some microorganisms (Xu et al., 2008).

Chitosan nanoparticles (CSNP) have attracted attention due to their distinctive properties and
interesting applications (Radhika-Rajasree & Gayathri, 2014; El-Naggar et al., 2022a,b).
CSNP have effective antibacterial activity, enhancing growth performance and survival of fish
(Kaur et al., 2014). Supplementation of CSNP to O. niloticus diet significantly influenced the
liver status, digestive enzymes, meat quality, immune response, whole body composition,
hematology, intestinal bacterial count and growth rate (Wang & L.i, 2011; Abd EI-Naby et al.,
2019a).

In East Africa, the Nile Tilapia (Oreochromis niloticus) is the highly favored cultured fish,
while globally it has been estimated the third outstanding fish group in the world, after carps and
salmonids. It is widely cultured in about 100 countries in the tropical and subtropical regions (El-
Sayed, 2006; GAFRD, 2022). The success of O. niloticus in aquaculture is attributed to its high
survival rate in poorly oxygenated environments, high resistance to diseases and its capability to
depend on a broad variety of foods (Prabu et al., 2019). It worth noting that among other
cultured fish, the tolerance of O. niloticus to feed on higher concentrations of carbohydrates and
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dietary fiber has made it distinctive (El-Sayed & Teshima, 1992). However, a good and
sustained feed is radical to obtain prosperous O. niloticus culture to guarantee a rapid growth at
low cost and high outcome.

There is no previous literature about the effect of chitosan forms on the utilization of protein
sources. Therefore, the present study aimed to evaluate and compare the potential of CS and
CSNP to enhance the properties of gluten meal for FM-based diet total replacement.

MATERIALS AND METHODS

1.1. Experimental fish and culture technique

Following the procedures of the study of EI-Naggar et al. (2021), the present study was
carried out at the Fish Nutrition Laboratory, Department of Animal Production, Faculty of
Agriculture, Cairo University, Egypt. Mixed sex O. niloticus fingerlings, with an average initial
body weight of 15.3 + 0.08 g, were collected from a local hatchery in Kafr EIl-Sheikh
Governorate, Egypt. At 21% November 2018, under controlled thermal condition, a total of 270
O. niloticus fingerlings were randomly distributed into 6 different treatments with a triplicate of
15 fish each. Acclimatization of fish was performed for a week before the feeding trial. Fish
were fed a floating diet of 30% CP at 2% of the fish body weight twice daily (10 a.m. and 4
p.m.) . During the experiment, the fish were fed till apparent satiation, twice daily (10 a.m. and 4
p.m.). Fish weight was measured every 15 days. The experiment lasted 82 days, and the number
of dead fish was recorded daily.

1.2. Experimental design and diets

The experimental design was completely randomized with a 2 x 3 factorial design; with two
protein sources; fish meal and gluten meal, and with three forms of chitosan (zero-chitosan,
chitosan and chitosan nanoparticles) (EI-Naggar et al., 2021). Fish meal basal diet was
formulated and 100% of fish meal was replaced with GM in gluten meal-basal diet. Each of the
basal diets were supplemented with chitosan or chitosan nanoparticles (0.5%) to design six
isonitrogenous (30% CP) and isocaloric (4500 kcal/kg) for O. niloticus (NRC, 2011). The dose
was administered according to Wang & Li (2011) and EI-Naggar et al. (2021).

The proximate composition of the experimental diets is shown in Table 1. Preparation of the
experimental diets required blending the ingredients till a homogenous mixture was obtained;
then the mixture was passed through a local minced meat machine, dried overnight at room
temperature and stored in plastic bags at 4 °C till used. The extraction of chitosan and from P.
clarkii wastes and preparation of chitosan nanoparticles as well as their optimization and
characterization has been already discussed previously in El-Naggar et al. (2019, 2020).
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Chitosan and chitosan nanoparticles were optimized by 9 hrs deacetylation and applying 1:1 TPP
to chitosan, respectively (EI-Naggar et al., 2019, 2020)

Table 1. Formulation and proximate composition of fish meal and gluten meal-
based diets supplemented with CS or CSNP

FM-based diet GM-based diet
Ingredient (g/100g) FM FMCS FMCSNP GM GMCS GMCSNP
Fish meal (70% CP) 14 14 14
Gluten - - - 14 14 14
Soybean (42% CP) 34 34 34 34 34 34
Corn 8.43 7.93 7.93 8.43 7.93 7.93
Qil 6 6 6 6 6 6
Bran® 35 35 35 35 35 35
Vitamin and mineral premix” 2 2 2 2 2 2
Vitamin C 0.05 0.05 0.05 0.05 0.05 0.05
Carboxy methyl cellulose 0.50 0.50 0.50 0.50 0.50 0.50
Butylated hydroxytoluene 0.02 0.02 0.02 0.02 0.02 0.02
Chitosan - 0.50 - - 0.50 -
Chitosan nanoparticles - - 0.50 - - 0.50
Total 100 100 100 100 100 100
Proximate composition (% dry matter)
Moisture 7.8 7.9 7.7 7.8 8 8.6
Crude protein (CP) 30.7 30.5 30.8 29.1 29.5 29.5
Crude lipid 8.62 8.46 8.57 8.22 8.23 8.17
Ash 6.8 6.9 6.8 5 53 53
Crude fiber 6.73 6.99 6.94 7.02 6.91 6.89
Nitrogen free extract (NFE) 39.35 39.25 39.19 42.86 42.06 41.54
Gross energy kcal/kg 4469 4449 4472 4501 4486 4458

“Provides per kg of diet: retinyl acetate, 3,000 1U; cholecalciferol, 2,400 IU; all-rac-a-tocopheryl acetate, 60 1U;
menadione sodium bisulfite, 1.2 mg; ascorbic acid monophosphate (49 % ascorbic acid), 120 mg; cyanocobalamine,
0.024 mg; d-biotin, 0.168 mg; choline chloride, 1,200 mg; folic acid, 1.2 mg; niacin, 12 mg; d-calcium pantothenate,
26 mg; pyridoxine. HCI, 6 mg; riboflavin, 7.2 mg; thiamin. HCI, 1.2 mg; sodium chloride (NaCl, 39 % Na, 61 % Cl),
3,077 mg; ferrous sulfate (FeSO4-7H20, 20 % Fe), 65 mg; manganese sulfate (MnSO4, 36 % Mn), 89 mg; zinc
sulfate (ZnSO4-7H20, 40 % Zn), 150 mg; copper sulfate (CuSO4.5H20, 25 % Cu), 28 mg; potassium iodide (K, 24
% K, 76 % 1), 11 mg; Celite AW521 (acid-washed diatomaceous earth silica), 1,000 mg Agri-Vet Co., Cairo, Egypt.
Nitrogen free extract was determined by the difference: NFE = 100 — (% crude protein + % crude fat + % crude fiber
+ % total ash + % moisture) (AOAC, 1995).

Dietary gross energy was calculated using the conversion factors of 5.6, 9.4 and 4.2 kcal/kg for protein, lipids and
NFE, respectively, (Brett & Groves, 1979).

1.3. Experimental unit

Fish were grown out under laboratory recirculating aquaculture system (RAS) whose rate of
flow was 0.4 L min™ (Fig. 1). A total of 18 plastic tanks whose capacity was 55 liters were
provided with a side flow (OD) opening and connected to a standpipe (SP) provided with a valve
that regulates the quantity of water flowing out through the side drain. The water passed from the
side over flow to a sump then was mechanically filtered (M.f) to get rid of the food remains and
feces. Water was drained from the mechanical filter to biological filter 1 (B.f1) then by gravity to
biological filter 2 (B.f2) through which the ammonia was disposed. Water in the B.f2 passed
through a pump to a collecting tank (CT) and filtered water was drained back to the RAS tanks.
Aeration was continuously provided to the tanks using an air pump and porous stones to ensure
the maintenance of oxygen supply greater than 5 mg L™,
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Fig.1. A schematic diagram of the Recirculating Aquaculture System.

Abbreviations: B.f, biological filter; CT, collecting tank; M.f, mechanical filter; P, pipe; OD, side
flow; RAS, recirculation aquaculture system; SP, stand pipe.

1.4. Growth performance parameters

e Specific growth rate (SGR)
The specific growth rate was calculated using the following equation according to Hopkins
(1992)
InwW2-InWwil

SGR (%) = - X 100

Where, In is the natural logarithm.
W; is the initial body weight (g).

W3 is the final body weight (g).

T is the experimental period in days.

e Survival rate (%)
The survival rate was calculated according to Hung et al. (1993) as follows:

) No.of survival fish
Survival rate (%) = Initial no.of fish X 100

1.5. Feed utilization parameters
e Feed intake (FI)

The feed intake per fish was calculated according to Da et al. (2016) as follows:
Feed intake per fish (FI) (g/fish) = Total feed intake (g)/Total no. of fish
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e Feed conversion ratio (FCR)

The feed conversion ratio is a parameter that is used to determine the value of feed for
providing the necessary food amount required for one unit of growth. A lower value indicates an
improved outcome. Feed conversion ratio was calculated according to Hung et al. (1993) by the
following equation:

FCR = Feed intake (g)/Body weight gain (g)

e Protein efficiency ratio (PER)

The protein efficiency ratio is an indicator for the efficiency of protein consumption
utilization. It was calculated by the following equation according to Hung et al. (1993) as
follows:

PER = Weight gain (g)/Protein intake (g)
e Protein productive value (PPV)
The protein productive value is an indicator for the retained protein from protein intake. It
was calculated according to Nose (1971) as follows:
PPV (%) = Protein 'ga.m (9) X 100
Total protein intake (g)
Where, protein gain = final fish protein content — initial fish protein content.

1.6. Determination of the chemical composition of O. niloticus carcass and the experimental
diets

At the start of the experimental study, a batched sample of thirty fish was assembled to act as
an initial one. At the end of the experiment, six fish from each tank were randomly selected to
serve as a final sample. 40 mg/L clove oil was used to anaesthetize the fish samples. The fish
were then sacrificed, oven-dried at 60-70 °C, ground into homogenous powder and stored at -20
°C until further analysis. The fish carcass samples were analyzed for moisture, CP, crude lipid,
ash contents and fatty acids profile. Moreover, the amino acids analysis was performed in the
experimental diets (Table 2).

The moisture content of the fish carcass was determined, according to the method of
Association of Official Analytical Chemist (AOAC, 1995). The CP content of fish carcass
samples were measured in the Regional Center for Food and Feed, Agriculture Research Center,
Ministry of Agriculture, by Dumas method using Tru Spec Nitrogen determinator (AOAC,
2016a). Crude lipid and ash contents of fish carcass were determined, according to the method of
Association of Official Analytical Chemist (AOAC, 1995).

The fatty acids analysis of the fish carcass was performed according to methyl esters boron
trifluoride method of AOAC (2016b), using a spectrophotometer (Schimadsu UV-1800). Fatty
acid analysis was carried out in the Regional Center for Food and Feed, Agriculture Research
Center, Ministry of Agriculture.

Amino acids analyses of the experimental diets were carried out according to the method of
(AOAC, 2012), namely: performic oxidation method. Amino acids determination was measured
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in the Regional Center for Food and Feed, Agriculture Research Center, Ministry of Agriculture,
using amino acid analyzer (Biochrom 30).

Table 2. Amino acids composition of fish meal and gluten meal-based diets supplemented
with CSor CSNP (g kg™ dry diet)

Amino acids FM-based diets GM-based diets Amino acid requirement
FM FMCS FMCSNP GM GMCS GMCSNP

... a
of O. niloticus

Non-essential amino acids

Alanine 15.6 15.7 18.0 195 20.1 21.4 -
Aspartic acid 30.7 30.3 28.6 25.3 25.4 24.4 -
Glutamic acid 49.7 49.3 48.7 52.9 53.1 54.4 -
Glycine 14.7 14.6 145 11.2 115 11.0 -
Proline 16.3 16.6 15.6 19.1 19.8 20.6 -
Serine 14.3 14.2 14.1 14.3 14.3 15.0 -
Tyrosine 11.5 11.0 10.8 12.1 12.6 13.0 -
Essential amino acids

Arginine 20.0 19.8 20.3 16.8 17.8 16.7 11.8
Histidine 8.7 8.7 8.5 7.2 7.4 7.2 10
Isoleucine 12.7 12.6 12.7 11.7 11.9 11.8 8.7
Leucine 22.2 21.9 22.1 28.1 28.5 31.1 19
Lysine 19.8 195 19.2 12.7 12.9 11.9 14.3
Methionine+cystine 11.2 12 11 10.4 115 11 9.0
Phenylalanine 14.8 14.5 13.9 15.3 15.6 16.2 105
Threonine 12.7 125 12.4 10.7 10.9 10.9 10.5
Valine 14.4 15.4 19.4 175 14.9 14.8 15

“NRC (2011).

1.7. Liver histology

From each replicate, five specimens of O. niloticus were randomly selected and carefully
dissected to examine the general viscera. Tiny parts of liver were dissected out and fixed in
aqueous Bouin’s fluid for 24 hrs. After fixation and washing, dehydration was carried out into
ascending grades of ethyl alcohol. The materials were then cleared in terpineol and placed in a
clear molten parablast. Sections of 5-6 pum in thickness were cut and stained with Harris’
haematoxylin and counterstained with eosin (Humason, 1972). Light microscope was used to
examine the sections and photomicrographs were taken as required.

1.8. Statistical analysis

The experiment was conducted on triplicate that were analyzed using two-way analysis of
variance (ANOVA) using computer program Statistical Package for Social Sciences (SPSS,
2013) to detect the impact of the dietary protein source, chitosan (CS) forms and their
interactions. The data of the fatty acids profile was analyzed using one-way ANOVA. To
determine the differences among the experimental groups, Duncan’s multiple range test incase
significant differences existed (Duncan, 1955).
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RESULTS

Growth performance parameters

The growth performance parameters of O. niloticus fed different experimental diets are
presented in Table (3). The interaction between the protein sources and chitosan forms showed
that fish meal (FM) diet had the highest (P < 0.05) final body weight (FBW), body weight gain
(BWG) and specific growth rate (SGR) (31.5, 15.83 g/fish and 1.00%, respectively).

Fish growth was negatively affected neither by FM-based diet supplemented with chitosan
(CS) or with chitosan nanoparticles (CSNP) nor by FM substitution with gluten meal (GM). On
the other hand, fortifying GM-based diet with CSNP enhanced the fish growth, as no significant
difference was noticed among the latter and FMCS or FMCSNP diets. The survival rate differed
significantly (P < 0.05) among the experimental treatments. Fish fed FMCS and FMCSNP diets
showed the highest survival rate (100%), which is considered as a direct effect of the CS forms.
Similar observations were noticed in fish fed GMCS and GMCSNP diets.

Table 3. Growth performance parameters of O. niloticus fed fish meal and gluten meal-based diets
supplemented with CS or CSNP (meant SEM) (n=3)

Parameters FM-based diets GM-based diets Protein
source X
Protein CS forms CS forms
FM FMCS FMCSNP GM GMCS GMCSNP source effect effect effect
(P-value) (P-value) (P-value)
FBW (g/fish) 315 28.40 28.62 26.16 26.13 27.80
+095*  £1.49% +0.16®  +0.16° +1.13° +1.69% 0.021 0417 0.195
SGR (%) 1.00 0.85 0.89 0.73 0.74 0.81
+0.00% +0.05% +0.00® +0.05° +0.05° +0.10° 0.009 0.454 0.225
Survival rate 90 100 100 87 97 90
(%) +3.33% +0.00* +0.00% +6.67° +3.33% +3.33% 0.108 0.079 0.53

Different superscripts in each row designate significant difference (P < 0.05) by Duncan’s test
Abbreviations: FBW, Final body weight; SEM, standard error of mean; SGR, Specific growth rate

Feed utilization parameters

The feed utilization parameters of O. niloticus fed different experimental diets are shown in
Table (4). It is noteworthy mentioning that FM-based diets showed better values regarding FCR
and PER than GM-based diets. The best FCR and PER values were noted in fish fed FM diet
(1.72 and 1.89, respectively), whereas the worst FCR and PER values were observed in fish fed
GMCS diet (2.47 and 1.37, respectively). Upon supplementation of GM diet with CSNP, the
FCR and PER values improved (2.19 and 1.55, respectively) in comparable with other GM-based
diets.
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Table 4. Feed utilization parameters of O. niloticus fed fish meal and gluten meal-based diets supplemented
with CS or CSNP (mean+ SEM) (n=3)

Parameters FM-based diets GM-based diets Protein
source X
Protein CS forms CS forms
FM FMCS FMCSNP GM GMCS GMCSNP source effect effect effect
(P-value) (P-value) (P-value)
FI (g/fish) 27.22 22.52 24.73 25.17 26.27 26.34
+1.40 +1.24 +1.38 +0.36 +1.48 +2.11 0.379 0.486 0.202
FCR 1.72 1.75 1.86 2.40 2.47 2.19
+0.02° +0.08° +0.12% +0.14*  +0.08% +0.13® 0.001 0.719 0.211
PER 1.89 1.87 1.75 1.43 1.37 1.55
+0.02% +0.09% +0.12% +0.08°  +0.05° +0.09" 0.001 0.868 0.218
PPV (%) 30.03 30.17 33.95 31.98 26.92 33.73
+1.16 +2.16 +4.33 +0.32 +1.32 +2.66 0.803 0.162 0.575

Each value denotes meanst SEM, SEM: standard error of mean (n=3).
Different superscripts in each row designate significant difference (P < 0.05) by Duncan’s test
Abbreviations: FCR, Feed conversion ratio, PER, Protein efficiency ratio, PPV, Protein productive value; SEM, Standard error of mean

Chemical composition of O. niloticus carcass

The chemical composition of O. niloticus fed different experimental diets is presented in
Table (5). Fish fed FM-based diets recorded higher moisture content than those fed GM-based
diets. CSNP supplementation to FM or GM diet significantly decreased the moisture content.
The interaction results showed that fish fed diets supplemented with CSNP showed higher
protein content in comparison with those fed diets fortified with CS. The protein source and
chitosan forms affected significantly (P < 0.05) the crude lipid content. Fish fed GM-based diets
showed higher lipid content than FM-based diets. Dietary fortification with CSNP resulted in
decrease in fish lipid content.

Table 5. The chemical composition of O. niloticus carcass fed fish meal and gluten meal-based diets
supplemented with CS or CSNP (as wet basis %) (mean+ SEM) (n=3)

Parameters FM-based diets GM-based diets Protein
Protein CS forms (s:cnsu]fgrerr)](s
FM FMCS FMCSNP GM GMCS GMCSNP  source effect effect effect
(P-value) (P-value) (P-value)
Moisture 75.11 76.25 72.74 Zggg,, 72.31 71.36 0433
+1.50% +0.25% +0.75" - +0.05™ +1.20° 0.011 0.129 :
Crude protein 14,29 14.26 15.78 16.57 15.55 16.62
(CP) +0.19" +0.27° +0.55%° +0.32° +0.27% +1.01° 0.013 0.114 0412
Crude lipid 4.40 4.48 432 5.22 6.05 437
+0.28° +0.13° +0.24° +0.21° +0.14° +0.01° 0.002 0.008 0.019
Ash 479 5.58 5.05 452 5.33 5.26
+0.51 +0.25 +0.15 +0.13 +0.15 +0.53 0.708 0.124 0.731

Different superscripts in each row designate significant difference (P < 0.05) by Duncan’s test
SEM, standard error of mean

Fatty acids profile of O. niloticus carcass

In the present study, the chitosan forms affected significantly the total omega-3 (X n-3) level
in the fish whole body. Within FM-based diets, the supplementation of CS and CSNP increased
significantly (P < 0.05) the X n-3 level (2.83 and 2.23%, respectively) compared to fish fed FM
diet (1.52%). On the other hand, dietary supplementation of CSNP to GM-based diet increased
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significantly the X n-3 level in fish (2.27%) compared to GM and GMCS diets (1.02 and 0.91%,
respectively). Among fish fed GM-based diets, the lowest significant (P < 0.05) total omega-6 (X
n-6) and n-6/n-3 values were recorded in GMCSNP treatment (Table 6).

Table 6. Fatty acids profile of O. niloticus whole body (% of total fatty acids) fed fish meal
and gluten meal-based diets supplemented with CS or CSNP (meant SEM) (n=3)

Fatty FM-based diets GM-based diets
acids
FM FMCS FMCSNP GM GMCS GMCSNP
C10:0 ND* ND ND ND ND 0.21+0.1%
C12:0 ND ND ND ND ND 0.1740.06
C14:0 1.06+0.05° 1.34+0.11° 1.33+0.00° 1.06+0.04° 1.075+0.035° 1.66+0.04*
C15:0 0.29+0.02° 0.42+0.02% 0.36+0.01%° 0.34+0.01%*° 0.300.01° 0.48+0.11°
Cle:0 15.4541.35 15.54+0.86 15.1420.21 14.70.03 14.4820.35 15.6920.06
C16:1n-7 1.84+0.17° 2.52+0.18° 2.46+0.05® 2.00+0.09™ 2.09+0.02%° 2.4+0.16®
C16:3n-4 0.12+0.01%® 0.15+0.02% 0.13+0.00% 0.13+0.02% 0.11+0.00° 0.21+0.05%
C17:0 0.70+0.03¢ 0.80+0.00° 0.78+0.01> 0.76+0.01> 0.72+0.02% 0.90+0.01°
C18:0 5.68+0.48 5.40+0.17 5.08+0.18 4.96+0.09 4.81+0.10 5.89+0.82
C18:1n-9 25.10+1.20 22.64+1.14 22.30+0.37 25.08+0.49 23.98+0.75 25.02+1.25
C18:1n-7 1.77+0.15° 2.19+0.01° 2.10+0.00® 1.82+0.14" 1.80+0.02" 2.20+0.042
C18:2n-7 ND 0.13+0.00 0.11#0.00 0.12+0.01 0.13+0.01 0.12+0.00
C18:2n-6 37.37+3.17 37.99+2.19 39.68+0.12 38.74+0.31 39.39+0.33 34.0442.32
C18:2n-4 0.37+0.03 0.36+0.04 0.35+0.04 0.34+0.02 0.33+0.05 0.29+0.02
C18:3n-6 1.20+0.10° 1.14+0.18* 1.31+0.122 1.33+0.17% 1.66+0.18% 1.08+0.22*
C18:3n-3 0.59+0.02 0.78+0.12 0.66+0.02 0.67+0.10 0.61+0.02 0.72+0.14
C20:0 0.29+0.04 0.27+0.00 0.28+0.02 0.26+0.00 0.24+0.00 0.25+0.02
C20:1n-9 ND ND ND ND 0.77+0.02 1.03+0.23
C20:2n-6 1.63+0.18% 1.41+0.06® 1.42+0.02% 1.68+0.11% 1.66+0.01% 1.32+0.01°
C20:3n-6 0.69+0.08° 0.71+0.04° 0.710.05° 0.80+0.01%° 0.91+0.03° 0.630.06°
C20:4n-6 1.29+0.02° 1.47+0.18% 1.55+0.09%® 1.43+0.13* 1.81+0.21% 1.30+0.07°
C20:5n-3 0.13+0.01° ND ND ND ND 0.55+0.31°
C22:0 0.19+0.04 0.12+0.01 ND 0.20+0.01 4.64+4.51 0.08+0.08
C22:1n-9 0.33+0.03 ND ND 0.25+0.04 0.200.04 0.200.07
C22:4n-6 0.53+0.12 0.68+0.13 0.63+0.02 0.62+0.07 0.810.11 0.52+0.09
C22:5n-6 0.7740.1® 0.72+0.14%® 0.66+0.02° 0.96+0.22% 1.25+0.14% 0.75+0.21%®
C22:5n-3 0.160.04° 0.60+0.14° 0.45+0.02° ND ND ND
C22:6n-3 0.64+0.10™ 1.51+0.00% 1.1240.13%® 0.35+0.06° 0.30+0.04° 1.03+0.39®
T SFA? 23.66+2.01 23.90+1.18 22.97+0.41 22.29+0.11 26.27+4.04 24.96+0.59
T MUFA®  29.04+1.55® 27.35+1.31® 26.87+0.32" 29.15+0.21* 28.85+0.73% 30.85+1.35°%
= PUFA* 45.38+3.76 47.54+2.72 48.67+0.52 47.07+0.07 48.89+1.14 42.34+1.88
% HUFA® 5.85+0.44 7.12+0.42 6.55+0.27 5.85+0.27 6.75+0.53 6.08+0.38
% n-3° 1.52+0.04° 2.89+0.26° 2.23+0.12° 1.02+0.16% 0.91+0.06¢ 2.27+0.22°

> n-6 43.48+3.77% 44.14+2.94® 45.97+0.36®  45.58+0.19% 47.51+1.01° 39.6621.64"
n-6/n-3 28.61+3.32" 15.47+2.433° 20.62+0.99" 45.85+7.38" 52.36+2.34° 17.57+0.98"
SEM, standard error of mean
Different superscripts in each row designate significant difference (P < 0.05) by Duncan’s test
"Not detected
*Total saturated fatty acids, including: C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0 and C22:0
*Total mono-unsaturated fatty acids, including: C16:1n-7, C18:1n-9, C18:1n-7, C20:1n-9 and C22:1n-9
“Total polyunsaturated fatty acids, sum of all fatty acids with chain length > 18 carbon atoms and > 2 double bonds
®Total highly unsaturated fatty acids, sum of all fatty acids with chain length > 20 carbon atoms and > 2 double
bonds.®Total omega 3, including: C18:3n-3, C20:5n-3, C22:5n-3 and C22:6n-3
"Total omega 6, including: C18:2n-6, C18:3n-6, C20:2n-6, C20:3n-6, C20:4n-6, C22:4n-6 and C22:5n-6

Histological structure of the liver

The liver of fish fed FM diet appeared as a continuous mass of hepatocytes that radiated from
central vein, forming a cord-like pattern. The wall of the central vein and sinusoids was lined
with kupffer cells; that appeared as simple squamous cells with flattened nuclei and surrounded
with a thin rim of cytoplasm (Figure 2A). The hepatocytes were polygonal in shape that
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possessed acidophilic cytoplasm. They had a large, rounded, central and basophilic nucleus with
a single central darkly stained nucleolus (Figure 2A).

The histological architecture of liver of FMCS and FMCSNP treatment resembled FM
treatment (Figs. 2B and 2C). Minimal histopathological changes were found in the liver of fish
fed GM diet, such as: congestion of blood sinusoids and necrosis (Figure 2D). Supplementation
of GM-based diets with CS and CSNP improved the histological architecture of the liver, which
became exactly like the FM treatment (Figures 2E and 2F).

P
v.’" \ ‘?"ﬂ

~ N > "’;' w
O ¥ .
1, y \ a ‘ )&
’ ~

.~

G
r ‘JL‘ Q,“

i -

Fig. 2. A photomicrograph of S. of liver of O. niloticus fed (A) FM, (B) FMCS, (C) FMCSNP, (D) GM,
(E) GMCS and (F) GMCSNP diets.

Abbreviations: Co, congestion; C.v, central vein; H, hepatocyte; K.c, kupffer cell; N, nucleus; ,
Nc, necrosis; Nu, nucleolus, Si, sinusoid.
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DISCUSSION

The dietary protein source had a recorded effective impact on fish growth. Fish meal (FM) is
a favored protein source due to its well-balanced amino acids profile, palatability and growth
potential (Al-Thobaiti et al., 2018), which is deficient in plant protein sources (Watanabe,
2002; Mukhtar et al., 2017). Growth deterioration detected in many fish species, as for instance,
in O. niloticus, resulted from the total substitution of fish meal with gluten meal (GM), is
attributed to the deficiency of lysine (Metwalli, 2013; Mukhtar et al., 2017). Lysine is
remarkably a significant fish feed component that leads to high growth performance and fish
population wellness (Zhou et al., 2007:El-Husseiny et al., 2017). Moreover, lysine was proved
to enhance the protein deposition in the fish body (Hamid et al., 2016). On the other hand, GM
was recorded as an enteritis inducer which negatively affects the gut health in Scophthalmus
maximus (Bai et al., 2019).

In the current study, the recorded decline in the growth performance of fish fed FM diets
supplemented with chitosan agrees with the findings of Shiau and Yu (1999) in O. niloticus X
O. aureus and that of Geng et al. (2011) in Rachycentron canadum, especially the diets with
high FM inclusion. The previous authors added that fish growth performance decreased as CS
supplementation increased. Reversely, the present result disagrees with that of Gopalakannan
and Arul (2006), who used CS concentration of 1% and recorded acceleration in the growth rate
of Cyprinus carpio compared to the control.

Notably, chitosan can bind to both fatty acids and amino acids (Wydro et al., 2007; Gawad
& lbrahim, 2012). Meanwhile, not all CS is absorbed in the gastrointestinal tract; some of
which excrete in the feces (Maezaki et al., 1993). The recorded decline in the growth of fish fed
FMCS diet indicates that the excreted CS might negatively affected the amino acids blood
profile; causing imbalanced amino acids which subsequently decreased the efficacy of protein
synthesis.

On the other hand, an improvement in the growth performance parameters was attributed to
the dietary fortification of GM-based diets supplemented with CSNP, having GM as an enteritis
inducer in fish (Bai et al., 2019). In addition, CSNP might have improved the microbial
community structure of the gut. This improvement might be attributed to the fact that CSNP
might inhibit potential pathogens, enhance the population of beneficial microorganisms, and/or
enhance the microbial enzyme activities in fish gut that consequently improve feed digestibility
and nutrient absorption/assimilation (Abd El-Naby et al., 2019b). It is worthy to mention that,
compared to CS, CSNP of 0.5% was more efficient due to the higher bioavailability; it remains
for a long time in the blood stream, promotes the digestion and absorption of nutrients and
enhances the growth of O. niloticus (Abd EI-Naby et al., 2019b; Wang & Li, 2011). Eminently,
the small size and large surface area of CSNP may be another reason that played a role in
enhancing the growth of fish fed GMCSNP diet.

Furthermore, the enhancement of the survival rate of fish fed diets supplemented with CS
and CSNP indicates that, being natural products, neither CS nor CSNP had toxic effect on the
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fish under study. Both CS and CSNP are considered immunostimulants; triggering the immune
and the antioxidant systems. This means that both have the ability to reduce or destruct any
pathogen (Abdel-Tawwab et al., 2019).

Protein source seems to be the direct factor that affected the ratios of both feed conversion
(FCR) and protein efficiency (PER), where fish fed FM-based diets recorded better FCR and
PER values compared to GM-based diets. This observation coincides with that of Metwalli
(2013), who found that the substitution of FM with GM up to 75% affected neither the FCR nor
the PER, recording best values in FM diet. It was noticed that, the complete substitution of FM
with GM had a negative effect on both FCR and PER. Moreover, the FM diet possesses a well-
balanced amino acids profile (Table 2). The lack of an indispensable amino acid, as lysine in GM
led to poor utilization of the dietary protein, and consequently, reduced fish growth and
decreased feed efficiency (Halver & Hardy, 2002). Additionally, the present results showed that
the dietary protein was better utilized in FM-based diets compared to GM-based ones. Metwalli
(2013) postulated that, the complete substitution of FM with GM decreased the PER. This might
be due to the deficiency of essential amino acids in the diet. Wassef et al. (2003) and EI-Ebiary
(2005) added that, the deficiency of lysine and methionine in GM diet was due to the reduced
digestion coefficient of the protein. The improved values of both FCR and PER upon
fortification of GM-based diets with CSNP are similar to those recorded in the study of Abd EI-
Naby et al. (2019b) who detected the best values for the two variables upon adding 0.5% CSNP
to the feed of O. niloticus.

The high lipid content in fish carcass may cause more accumulation in the moisture content
of fish fed GM-based. Jobling et al. (1998) deduced that the relation between both factors is
inversely proportional. On the other hand, moisture increase in fish fed FM-based diets may be
related to the increase in ash content with respect to salt consumption that induced water
retention (Rakova et al., 2017). It was found that CSNP supplementation to either FM or GM-
based diets decreased the moisture content of fish carcass, indicating higher nutritive content of
fish compared to other treatments. Due to their large surface area and small particle size, a
decrease in moisture content recorded in fish fed diets supplemented with CSNP may have
caused the observed high protein content. It is worth noting that, the superiority of CSNP over
CS in binding to amino acids was determined. Moreover, their small size increases their
bioavailability, thus leads to higher absorption along the gut (Wang & Li, 2011). In other words,
compared to CS, the CSNP causes less excretion in the feces, less loss of amino acids and better
amino acids profile in blood and leads to higher protein content in the tilapia carcass.
Gopalakannan and Arul (2006) reported that the increase in the CP in case of CSNP can be
attributed to specific metabolic pathways in fish compared to ordinary CS and could have an
essential role in promoting the absorption and assimilation of nutrients in case of lower levels in
O. niloticus.

Fish fed GM-based diets recorded higher crude lipid content compared to those fed FM-
based diets. The deficiency in the amino acids in GM-based diet, especially in term of lysine,
may cause more metabolisms of dietary amino acids generating energy (Cheng & Hardy, 2003).
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In this context, fish may convert non-utilized amino acids to lipid (Jurss & Bastrop, 1995).
Compared to those supplemented with lysine, plant-based diets that lacked lysine showed higher
lipid deposition (Cheng et al., 2003).

It seems that supplementing diets with CSNP enhanced protein synthesis and promoted
energy utilization because higher protein content was recorded in parallel with lower lipid
accumulation in fish carcass. The decrease in crude lipid content upon dietary supplementation
with CSNP concurs with the finding of Wang and Lee (2011). Conversely, Abd El-Naby et al.
(2019b) observed an increase of crude lipid upon fortification of diets with CSNP.

It is well-known that O. niloticus is rich with omega-6 while omega-3 is reversely deficient
(Young, 2009). High n-6 to n-3 ratio, which causes an increase in arachidonic acid (C18:2n-6),
can cause various diseases, such as cardiovascular diseases, inflammation and cancers (Young,
2009). Optimal and safe ratio between n-6 and n-3 is notedlyl:1 (Candela et al., 2011). One of
the very interesting recorded results in the present study is that the chitosan forms affected
significantly the total omega-3 (X n-3) level in the fish whole body. Within FM-based diets, the
supplementation of CS and CSNP elevated the X n-3 level significantly compared to fish fed FM
diet. Chiu et al. (2017) reported that Cs enhanced the X n-3 level, and decreased the triglycerides
level. The decrease of the total n-6 and n-6/n-3 ratio was obvious upon the fortification of GM-
based diet with CSNP that could be induced either through binding of the cationic groups of
CSNP and the functional groups of the fatty acids or as a result of the f-oxidation and catabolism
of the fatty acids to produce energy (Candela et al., 2011).

Histology of aquaculture species plays a significant role in understanding the pathological
alteration related to nutritional sources (Jimoh et al., 2020). The liver, for instance, is a vital
organ that shares in many essential metabolic processes, such as regulation of protein and
carbohydrate metabolism, as well as detoxification and storage of harmful metabolites (EI-Hady
& Abdel-Hameid, 2009). Some minimal histopathological changes were found in the liver of
fish fed GM diet among which the congestion of blood sinusoids and necrosis were recognized.
These observations correspond with those of Ismail et al. (2015) examining O. niloticus and
those of Lopez et al. (2015) in their study conducted on Totoaba macdonaldi. The
aforementioned authors added that those alterations might be due to the deficiency in some
essential amino acids and unbalanced nutrients in the plant-based diets. Moreover, Mukhtar et
al. (2017) deduced that, corn gluten is deficient in essential amino acids; one of which is lysine
that regulates the carnitine synthesis in liver. Carnitine plays an important role in transferring
long chain fatty acids to the mitochondria to stimulate beta-oxidation as an energy source.
Hence, the deficiency of lysine would cause an accumulation of fats histologically presented as
numerous vacuolations in the hepatocytes. In this respect, Mahbub et al. (2018) confirmed the
aforementioned interpretation, assessing that the deficiency of lysine showed histopathological
changes in the liver, including compact hepatocytes and vacuolations. Nevertheless, it is
assumed that, the decrease in the lysine level may be contributed to other unknown factors that
may cause this mild histopathology. The improvement of the liver architecture resulted from the
dietary addition of CS and CSNP is simultaneous with the decline of the ALT and AST levels
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(EIl-Naggar et al., 2021). Abdel-Naby et al. (2019b) reported that both variables (ALT and
AST) are indicators of hepatotoxicity. Ozcelik et al. On the other hand, CS and CSNP were
identified significant in the hepatocytes protection against oxidative stress (Ozcelik et al., 2014).
The previous authors added that, the amelioration of ALT and AST might be related to the
antioxidant activity of CS and CSNP; their efficacy to get rid of free radicals and reactive oxygen
species (ROS) was determined.

CONCLUSSION

The supplementation of GM-based diets with CSNP improved growth performance, FCR and
omega-3 levels in fish carcass and liver histology, whereas they reduced fish mortality with
respect to GM diet. CSNP could be considered as a functional ingredient for producing
functional food (fish with high omega-3). The present results revealed that adding CSNP as an
additive to plant-based aqua feed is recommended to reduce production cost, and minimize
aquatic environmental impacts as well.
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