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Abstract

The objective of this study was to evaluate the effect of fish meal replacement with a
mixture of plant, and animal protein supplemented with a commercial nucleotide
NucleoforceFish™, on growth, feed utilization, whole-body composition, biometric indices; liver
mitochondrial enzyme activities, selected gene expression and influence on the gut microbiome of
gilthead seabream, Sparus aurata. Six hundred and thirty gilthead seabream with an average initial
body weight of 0.358 + 0.002 g/fish, were used. Six experimental diets were formulated to be
isonitrogenous, 45% crude protein (CP) and isocaloric 20 MJ/kg gross energy (GE). The control
diet (D1) contained 25% of fish meal (FM2s) and had no NucleoforceFish™ added (FM2s/o), diets
2-3 contained FM at a level of 25% and supplemented with 250 (FMa2s/250) and 500 (FM2s/s00)
mg/kg NucleoforceFish™, respectively. Diets 4-6 were a non-fishmeal formulation and had no
NucleoforceFish™, (diet 4, FMon), 0%FM with 250mg/kg NucleoforceFish™ (diet 5, FMoy250),
and 0%FM with 500mg/kg NucleoforceFish™ (diet 6, FMoss00). The results revealed that dietary
nucleotides supplemented at 250mg/kg or 500mg/kg enhanced final body weight, weight gain, and
specific growth rate of seabream either with dietary level of 25% FM diet (FM2s) or non-fishmeal
diet (FMo). All mitochondrial liver complex enzyme activities were recorded as having a
significant positive response to the nucleotide dietary supplement. Gilthead seabream fingerlings

fed FMosso diet for 150 days had significantly elevated liver mitochondrial enzyme (Complex Il1,

Complex 1V, Complex I and II) activities. In addition, gilthead seabream fed FMg/s00 had

significantly increased the gene expression of TCR-B and IL1-B, while fish fed FM25/250
increased significantly the gene expression of IGF1, while fish fed FM25/500 increased
significantly the gene expression of Hepcidin (Hep) and the iron homeostasis hormone. There was

a marked influence on specific bacteria comprising the gut microbiome namely Photobacterium;
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damselae; Vibrio anguillarum; Lactobacillus plantarum; Lactobacillus Enterococcus faecium
subtilis. It can be concluded that FMas/2s50 and FMa2s/s00 diets are expressing the best result, which
explains that FM must be in the feed of gilthead seabream, and addition of NucleoforceFish™ at
250 mg/kg feed may further increase the performance.
Keywords: Fish meal, Nucleotide Supplementation, Mitochondrial & metabolic enzymes,
financial analysis.

1. Introduction

The production of marine fish has increased to meet the growing demand of global seafood
(FAO, 2018). Marine fish species need high levels of protein in their diets which is usually
provided by fish meal obtained from wild fisheries or by-products of the animal processing
industries. Fish meal is an optimal protein source for aquafeeds because of its nutritional value in
terms of essential amino acids, and high palatability to fish. Elimination or reduction of the
contribution of fish meal in marine fish diets was the gateway for nutritionists to provide economic
and environmental benefits by reducing the cost of feed for fish farmers and reducing the pressure
on species harvested for fish meal production and also serve as important resources in the marine
food web (Tacon et al., 2011, Kok et al., 2020). Currently, a variety of vegetable and animal
protein sources are used for substitution in aquafeeds with different inclusion rates (Rossi et al.,
2021; Deng et al., 2011; Santigosa et al., 2011; Wang et al., 2012; Estruch et al., 2018; Hassaan et
al., 2021; Hosseini et al., 2020; Goda et al 2020a,b; Davies et al., 2020; Hassaan et al., 2020; Goda et al .,
2019) The common obstacle that nutritionists challenged regarding using alternative ingredients
was changes in the immune status of marine fish by the introduction of a host of anti-nutritional
factors especially in many plant by-products (Sitja-Bobadilla et al., 2005). Not only the immune

status can be altered by the fish meal replacement but also the intestinal absorption can be affected



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

by these replacements as discussed by Santigosa et al. (2011). Consequently, aid solutions were
recommended to solve this situation by using several feed additives among which are nucleotides
(Ringg et al., 2012; Reda et al., 2018; Cardinaletti et al., 2019; Ashouri et al., 2020; Hossein et al.,
2016; Hassaan et al., 2018).

Various researchers have studied nucleotides (NT) as functional nutrients for many species,
especially mono-gastric animals such as those for aquaculture and poultry (Jung and Batal, 2012;
Hossain et al., 2019). As such, nucleotides have been viewed as semi-essential nutrients; under
specific conditions of rapid growth, stress and disease where de novo synthesis is not sufficient to
meet physiological and metabolic demand. In this respect, Ki and Sung (2019) investigated the
attributes of supplemental dietary nucleotides on intestinal health and growth performance of
newly weaned pigs to examine primarily the effects on gut health with positive findings. Recently,
Mohamed et al. (2020) investigated the impact of exogenous dietary nucleotides in ameliorating
Clostridium perfringens infection by controlled challenge and elevating the intestinal barrier gene
expression in broiler chicken with good results for a commercial nucleotide source (Nucleoforce
poultry™). These workers also observed significant improvement in microscopic lesion scores,
intestinal histomorphology, intestinal barriers (occludin and mucin mMRNA expression) and growth
parameters in broilers fed nucleotide supplementation. With respect to fish, Ferreira et al. (2020)
found a positive influence of genes expression related to lipid metabolism and oxidative stress
modulating of rainbow trout (O.Mykiss) fed diets contained Saccharina latissima. Furtermore,
Safari et al. (2015) found that crayfish fed diets contained dietary nucleotide enhanced the growth
performance, digestibility and immune responses. Also, Ashouri et al. (2020) found that Asian

seabass fed diets supplemented with dietary sodium alginate and Pediococcus acidilactici
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improved liver antioxidant enzymes, intestinal lysozyme gene expression, histomorphology,
microbiota, and digestive enzyme activity.

Animals can obtain their required amount of nucleotides exogenously or endogenously (Reda
et al., 2018). Because of the active synthesis of NT mainly in the liver, most animals appear to be
almost independent of exogenous NT (Jyonouchi, 1994). For aquatic animals, a positive
correlation between the addition of nucleotides and growth performance was also witnessed in
many aquatic species (Oliva-Teles et al., 2006; Xu et al., 2015; Jin et al., 2018; EI-Nokrashy et al.,
2020). Most recently, Bowyer et al. (2019) reported the benefits of supplementation of a
commercial nucleotide product on the intestinal morphology of sea bass, Dicentrachus labrax. The
information on the effect of nucleotides on feed efficiency, metabolism, and mitochondrial enzyme
complexes for sea bream is scarce. Dietary nucleotides positively affect fat metabolism, immunity,
tissue development, and repair. The immune system and intestinal tract are unable to meet the
needs of cellular nucleotides exclusively by synthesizing de novo and prefer to use ‘the rescue’
pathway to restore nucleotides and the nucleotide base of blood and system (Gil, 2020). The
molecular mechanisms through which dietary nucleotides modify the immune system are
practically unknown. The small intestine plays a key role in the regulatory effects of nucleotides
on the immune response. Dietary nucleotides have been shown to promote gene expression in the
small intestine and may affect the biosynthesis of protein as well as the interaction of external
nucleosides, and their receptors may also contribute to the modification of the expression of
several genes. Additionally, mitochondria play a central role in energy metabolism and are the
principal organelles of intracellular reactive oxygen species (ROS) generation. As such, they
contain a complement of factors that can also promote cell death, thus displaying a shared platform

for metabolism and apoptosis (Vakifahmetoglu-Norberg et al., 2017).
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To maintain optimal function of mitochondria, an adequate supply of many micronutrients
should be sustained (Wai and Langer, 2016). The complex relationship of the gastrointestinal tract
and gut mucosal interface in terms of optimized nutrition and immune-competence in fish is of the
vital importance. Burrells et al. (2001a) reported that dietary supplementation with nucleotides
induced an increased resistance against pathogens in rainbow trout. These workers specifically
showed that a combined inclusion level of 0.03%, mitigated challenge infections with bacterial,
viral and rickettsial diseases as well as ectoparasitic infestation. Cheng at al. (2011) demonstrated
the effectiveness of the influence of dietary nucleotides on immune responses and intestinal
morphology of red drum, Sciaenops ocellatus showing higher enterocyte height and microvilli
height. For salmonids, Hunt et al. (2016) investigated the effects of dietary nucleotide yeast
supplemenation on immune responses and related antioxidant enzyme activities of rainbow trout
juveniles (Oncorhynchus mykiss) with promising findings. Ringg et al. (2012) presented a
comprehensive review on the utilization of immunostimulants and nucleotides in aquaculture
covering many scenarios.

Gut integrity and improved function is also a well recognized attribute of dietary nucleotide
addition to the diets of fish. Burrells (2001b) showed that fish fed nucleotides displayed a healthier
intestinal system indicated by 18-21% increase of the lateral branching and height of the intestinal
mucosal folds and also positive effects on vaccination, sea water transfer, growth rates and
physiology of Atlantic salmon (Salmo salar L.). It has been reported that improved morphology of
the intestine is a contributing factor to the improved growth of fish due to more efficient nutrient
digestion and absorption. Xu et al. (2015) in their studies to elucidate the effects of dietary yeast

nucleotides on growth, nonspecific immunity, intestine growth and intestinal microbiota of
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juvenile hybrid tilapia Oreochromis niloticus x Oreochromis aureus reported several production
related attributes.

The role of nucleotides in influencing the key mechanisms of cellular communication has not
been delineated and requires attention. For these reasons, a group of genes of interest was targeted
for their expression in response to nucleotide supplementation in the diet for seabream. TCR, IL1-
B, and IGF1 and immunoglobulin M IgM, and Interleukinl beta T-Cell receptor proteins, are
known to be important. Additionally, Hepcidin, an important peptide with antimicrobial properties
and iron regulation capacity, was also selected. With the advent of new molecular sequencing
techniques, it is easier to understand how the immune system of fish, may be orchestrated by the
complex microbial communities that live in symbiosis with their hosts (Daniela Gomez et al.,
2013). An even more paucity exists for the effect of dietary nucleotides on the gut microbial
community, so the following important selection of gut-associated bacteria that may support
immune function, i.e., Photobacterium damselae, Photobacterium damse, Vibrio anguillarum,
Lactobacillus plantarum, Lactobacillus subtilis, Lactobacillus subtilis, and Enterococcus faecium
were determined (Li et al., 2015). The mechanism involved in the growth-promotion effect of
nucleotides in fish is still unclear. Given the importance of Gilthead seabream to the aquaculture
industry of the Mediterranian and Adriatic regions we need more information with regard to this
species.

The objective of this study was to evaluate the effect of the reduction and elimination of
dietary fishmeal using alternate ingredients and supplementation of a commercial nucleotide
source (NucleoforceFish™ ) on growth, feed utilization, biometric indices; liver mitochondrial
enzyme activities and selected gene expression levels relating to specific immune function and

specific genes associated to the gut microbial profile. The synergistic interplay of these factors
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warranted investigation. Additionally, an economic analysis of gilthead seabream, Sparus aurata
fingerling production, was also determined with dietary nucleotide incorporation to assess cost
benefits.
2. Materials and Methods
2.1. Fish and experimental facilities

Five hundred and forty seabream fingerlings with an average initial body weight of 0.358 +
0.002 g/fish, were obtained from EI-Shref Hatchery, Alexandria, Egypt. Prior to the start of the
experiment, fish were acclimated to the experimental conditions for two weeks. Fish fed
commercial seabream diet (44% crude protein and 18% fat) at a level of 10 % of body weight. The
daily ration was divided into two equal amounts and offered two times a day. The fingerlings were
stocked into six cement ponds (each with 18 m®) at the National Institute of Oceanography and
Fisheries (NIOF). Each cement pond was installed with three equal net-enclosures (each of 0.5
m3), and each net-enclosure was stocked with 30 fish. Three replicate net enclosures were
randomly assigned to each treatment. Ponds were supplied with saline water (32ppt) from
underground saltwater well. Water quality parameters measured and maintained within the
optimum range for seabream. The turnover rate of water was 20%/pond/day and fish were held
under natural light (12:12 h light: dark schedule). The experiment was carried
out in 2017 and continued for 150 days.
2.2. Experimental diets and feeding regime

The ingredients used in this experiment were purchased from a commercial feed
manufacturer except Poultry By-product Meal (PBM) that was obtained from a rendering plant-
based in Egypt. NucleoforceFish™ was obtained from Bioiberica® Spain, and is a balanced

concentrate of free nucleotides (>24%) and active precursors obtained from dried yeasts
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(Saccharomyces cerevisiae). It has the following nutrient specification: Protein 20.34%; Protein
Nitrogen 3.25% Non-protein Nitrogen (mainly from nucleotides) 2.09%; crude ash 3.38% and
crude fiber 0.10%.
Six experimental diets were formulated to be isonitrogenous, 45% crude protein (CP) and
isocaloric 20 MJ/kg gross energy (GE). The control diet (D1) contained 25% of fish meal (FMzs)
and had no NucleoforceFish™ added (FMzs/o), diets 2-3 contained FM at a level of 25% and
supplemented with 250 (FM2s/250) and 500 (FMass00) mg/kg NucleoforceFish™, respectively.
Diets 4-6 were a non-fishmeal composition and had no NucleoforceFish™, (diet 4, FMoy), 0%FM
with  250mg/kg NucleoforceFish™  (diet 5, FMopso), and 0%FM with 500mg/kg
NucleoforceFish™ (diet 6, FMoss00). The diets were processed by blending the dry ingredients into
a homogenous mixture for 10 minutes. Oil source and hot water were added, and then diets were
made in an electric kitchen meat grinder without using additional heat (cold-pressed). All diets
were air-dried for 4 hrs after that oven-dried at 45°C for 12 hrs. Dried diets were sieved using
different feed sievers to provide the right pellet size for fish.The chemical composition of the
experimental diets is presented in Table (1). The fish were fed twice a day, 6 days a week at rates
starting from 10% of their body weight at the beginning of the experiment, and finished with 5% at
the end.
2.3. Sample collection and analytical procedures
2.3.1. Chemical analysis and Growth performance

The chemical compositions of the experimental diets were measured according to the
procedures of AOAC (2000). Dry matter was determined after drying the samples in an oven (105
°C) for 24 h. Ash by incineration at 550°C for 12 h. Crude protein was determined by micro-

Kjeldhal method, N% x 6.25 (using Kjeltech autoanalyzer, Model 1030, Tecator, HOganés,



212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

Sweden) and crude fat by soxhlet extraction with diethyl ether (40 — 60 °C). Fish were weighed
every month, and the feeding rates were re-adjusted depending on the fish weight and the fish's
health status. Growth performance was measured, according to Lu et al. (2016). Final Body
Weight (FBW), Weight Gain (WG), Specific Growth Rate (SGR):, Feed Conversion Ratio (FCR),
Protein Productive Value (PPV) and Energy Utilization, (EU, %), Economical Conversion Rate
(ECR) were calculated using the following equations:
FBW= Final fish biomass (g)/fish number; WG = Final Body Weight (g) - Initial Body Weight
(9); Specific Growth Rate (%/day): SGR=100 x (In Wt - In Wo)/ n, Where: Wo: Initial Mean
Weight of fish (grams); Wt: Final Mean Weight of fish (grams); n: Experimental period (days); In:
natural logarithm; FCR = Feed Intake (g)/Weight Gain (g); Protein Productive Value (PPV,
%)=100 x (P; —Po/protein intake (g)); Where: Po: Protein content in fish carcass at the start, P
Protein content in fish carcass at the end; Energy Utilization, EU (%): EU=100 x (Energy Gain
(Kcal)/ Energy Intake (Kcal)), ECR = Cost of diet ($/kg) x FCR according to the following
equation described by Bonaldo et al. (2010).
2.3.2 Isolation of liver mitochondria

The liver mitochondria isolation was performed in a medium A containing 10 mM
KH2PO4, 250 mM sucrose, and 5 mM ethylenediaminetetraacetate (EDTA) adjusted to pH 7.4.
Two fish from each net-enclosure were randomly chosen, anesthetized with 50 ppm Tricaine
Methanesulfonate (MS-222), and sacrificed with a sharp blow to the head. Liver samples were
dissected immediately and placed in ice-cold extraction medium A. Approximately 3 g of liver
tissue was homogenized in 10 volumes of medium A with a handheld Teflon/glass homogenizer
(Potter-Elvejhem). The homogenate was centrifuged at 600xg for 10 min at 4 °C. The superficial

lipid layer was removed, and the remaining supernatant was centrifuged at 9000xg for 10 min. The
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pellet obtained from the second spin was washed three times in medium A and re-suspended in a
small volume of medium A plus 1 mg mL™* Bovine Serum Albumin (BSA) according to Suarez
and Hochachka (1981). Isolation and preparation of mitochondrial fractions from muscle and
intestine were performed in medium B containing 120 mM KCI, 20 mM HEPES (4-(2-
Hydroxyethyl) piperazine-1-ethanesulfonic acid), 2 mM MgCl2, 1 mM ethylene glycol tetra-acetic
acid (EGTA) and 5 mg mL-1 BSA adjusted to pH 7.4. Muscle and intestine samples (3-5 g) were
dissected, chopped finely with a pair of scissors, and homogenized separately using a Potter-
Elvejhem grinder in 10 volumes of medium B. The homogenate was centrifuged at 600xg for 10
min, and the supernatant was filtered through four layers of cheesecloth to remove fat and fibrous
tissue. The supernatant was centrifuged at 17000xg for 10 min, and the pellet containing the
mitochondria was re-suspended in 10 volumes of medium B and centrifuged at 7000xg for 10 min.
The pellets were re-suspended in 10 volumes of medium C (300 mM sucrose, 2 mM HEPES, 0.1
mM EDTA adjusted to pH 7.4) and centrifuged at 3500xg for 10 min. The mitochondrial fraction
was finally suspended in a small volume of medium C (Birch-Machin and Turnbull, 2001; Kirby
et al., 2007).

The mitochondrial suspensions were divided into aliquots, immediately and frozen in
liquid nitrogen and stored at —80 °C for the spectrophotometric measurement of the activities of
individual complexes I-IV.

2.3.3 Measurements of liver mitochondrial enzyme activities

The activities of respiratory chain enzymes were determined at 28°C using a SmartSpec
spectrophotometer after the mitochondrial membrane was ruptured by two freezes (in liquid
nitrogen) and melting (in ice-cold water) cycles. All duplicate analyses in a Spectrosil Quartz

Cuvette were executed to a final volume of 1 ml for each reading.
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All enzyme activities were expressed as a function of mg mitochondrial protein for an ml
unit with one unit of enzyme activity corresponding to the appearance of 1 umol of the product or
consumption of 1 umol of the substrate per minute. Complex | (NADH: Ubiquinone
Oxidoreductase, EC 1.6.5.3) activity was analyzed following the decrease in absorbance due to
oxidation of NADH at 340 nm with 425 nm as the reference wavelength (extinction coefficient for
NADH=6.81mM™ cm™, to account for the contribution of ubiquinonel to the absorbance at 340
nm) according to Birch-Machin and Turnbull (2001) and Kirby et al. (2007). Briefly, NADH
(0.13mM), ubiquinonel (65 uM), and antimycin A (2 ngm L) were added to the assay medium
containing 25mM potassium phosphate buffer, 5 mM MgClz, pH 7.2, 2 mM KCN, and 2.5 mg
mL ! BSA and the absorbance change recorded for 2 min. Mitochondria (20— 50 pg protein) were
added, and the NADH: ubiquinone oxidoreductase activity was measured for 4 min before the
addition of rotenone (2 pgmL™?), after which the activity was measured for an additional 3 min.
Complex | activity was the rotenone-sensitive NADH: ubiquinone oxidoreductase activity.
Complex Il (Succinate: ubiquinonel oxidoreductase, EC 1.3.5.1) activity was measured by
following the decrease in absorbance due to oxidation of 2,6-dichlorophenolindophenol (DCPIP)
at 600 nm according to the procedure of Birch-Machin and Turnbull (2001) and Kirby et al.
(2007).

Briefly, mitochondria (10-50 pg protein) were pre-incubated in assay medium containing
25 mM potassium phosphate buffer, 5 mM MgCly, pH 7.2, plus 20 mM sodium succinate, at 28 °C
for 10 min. Antimycin A (2 pg mL™?), rotenone (2 pg mL™1), KCN (2 mM), and DCPIP (50 pM)
were added, and a baseline rate was recorded for 3 min. The reaction rate was started with 65 uM

ubiquinonel, and the enzyme-catalyzed reduction of DCPIP was measured for 4 min. The specific
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activity of this complex was determined using the DCPIP extinction coefficient of =19.1 mM™
cm L,

Mitochondrial complex 111 (ubiquinol-cytochrome ¢ reductase, EC 1.10.2.2) activity was
measured by monitoring cytochrome c reduction using decylubiquinol at 550 nm with 580 nm as
the reference wavelength (Jeejeebhoy, 2002). Briefly, mitochondria were pre-incubated at 28 °C in
an assay medium containing potassium phosphate (50 mM, pH 8), 0.1 mM EDTA, 2 g L* defatted
BSA, 3 mM sodium azide and 60 uM ferricytochrome ¢ for 3 min. The reaction was initiated by
adding 0.1 mM L decylubiquinol, and the enzyme activity was measured for 4 min. The non-
enzymatic reduction of cytochrome ¢ was measured after the addition of 10 mg L of antimycin
A, and an extinction coefficient factor of e=19 mM * cm™ was used to calculate absolute changes.

Complex IV (cytochrome c¢ oxidase, EC 1.9.3.1) activity was measured by following the
oxidation of reduced cytochrome c as a decrease in absorbance at 550 nm with 580 nm as the
reference wavelength (Birch-Machin and Turnbull, 2001). Cytochrome ¢ subunit II (15 puM) and
dodecyl maltoside (0.45 mM) were added to the assay medium containing potassium phosphate
(20 mM, pH 7), and the non-enzymatic rate was recorded. Mitochondria (5-15 pg of protein) were
added, and the complex IV activity was measured as the apparent first-order rate constant after
fully oxidizing cytochrome c subunit 1l by the addition of few grains of potassium
hexacyanoferrate. The specific activity was calculated using an extinction coefficient factor of £=19.1
mM~*cm™,

2.3.4 Measurements of antioxidant parameters

Malondialdehyde (MDA) content was examined as an indicator of lipid peroxidation,

which is based on the 2-thiobarbituric acid (2,6-dihydroxypyrimidine-2-thiol; TBA) reactivity,

with the results expressed as nmol/g tissue (Jain et al., 1989). The glutathione (GSH) content was
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determined spectrophotometrically by monitoring the chromophoric product resulting from the
reaction of the 5,50-dithiobis-(2- nitrobenzoic acid) with GSH in the presence of NADPH and
glutathione reductase at 412 nm (Wu et al. 2011). The GSH content was expressed as nmol/g
tissue. Catalase (CAT, EC 1.11.1.6) activity was determined by measuring the decrease in H2O>
concentration at 240nm, according to Aebi (1984). The reaction mixture contained 50mM-
potassium phosphate buffer (pH 7-0) and 10mM-H.O> freshly added.

Superoxide dismutase (SOD, EC 1.15.1.1) activity was measured by the ferricytochromic
method using xanthine/xanthine oxidase as the source of superoxide radicals. The reaction was
monitored at 550nm, according to McCord and Fridovich (1969). The reaction mixture consisted
of 50mM-potassium phosphate buffer (pH 7.8), 0-1mM-EDTA, 0-1mM-xanthine, 0-012mM-
cytochrome, and 0-025 IU/ml xanthine oxidase. Activity is reported in units of SOD/mg of
protein. Here, one unit of activity is defined as the amount of enzyme necessary to produce a 50%
inhibition of the ferricytochrome c reduction rate.

2.3.5 Gut microbiota gRT-PCR

At all sampling points, the entire intestine was excised and immediately placed in
RNAlater™ (Sigma-Aldrich) at 4 °C for 24 hours before they were frozen at -20 °C. The DNA
was extracted from the collected intestines for use as a PCR template. The intestines of each fish
were shaken with 300 pL of lysis buffer provided in the pathogen DNA Extraction Kit (Intron
Biotech, South Korea). The DNA was extracted according to the manufacturer's instructions. The
concentration of the DNA was then quantitated on a NanoDrop ND-1000 Spectrophotometer
(Thermo Fischer, USA).

The amount of specific bacterial DNA (coding for 16S rRNA) (Photobacterium damselae,

Vibrio anguillarum, Lactobacillus plantarum, Lactobacillus subtilis and Enterococcus faecium) in

14
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the intestinal samples was measured by gPCR for each fish with amplification of the 16S rRNA
gene hypervariable region. Isolated DNA samples were diluted to 80 ng/ul for normalization and
used as a template in the gPCR reaction. The PCR reactions were setup in 25 pl reaction volumes
containing 1 pl of the forward and reverse primers as displayed in Table 2 (10 uM), 0.5 pl of
MgCl, (25 mM), 12.5 ul of 2X RealMode SYBR® Green Mix (Intron Biotech, South Korea), 80
ng of DNA template and 9 ul of nuclease-free water. The PCR reactions were carried out in a
CFX96 real-time PCR detection system (Bio-Rad, USA). Reaction times and cycling conditions
were 94°C for 2 min, 40 cycles of 94°C for 30 s and 60°C for 50 s. A melting curve analysis
further terminated the run.
2.3.6. Gene expression analysis

Liver samples were obtained, stored at —80 °C until analysis. For the mRNA extraction, the
RNeasy Mini Kit (Qiagen) was used. Liver samples of 15mg inserted in a microcentrifuge tube,
homogenized and centrifuged at 5000 xg for 15s. The supernatant was collected and mixed with
70% ethanol. After the extraction of RNA, cDNA was synthesized using the HiSenScript RH
cDNA Synthesis Kit (Intron Biotech, South Korea) following the manufacturer's protocol. Real-
time PCR was done using SYBR select Master Mix kit (Thermo Fisher Scientific, Lithuania) using
the following primers (TCR, IL1-B, Hepcidin, and IGF1) as shown in Table 2. p-Actin (ACTB)
was used as housekeeping gene for mMRNA gene expression normalisation (Table 2). Amplification
was performed using the CFX96 Real-Time PCR System (Biorad, USA) with the protocol as
follows: Initial 3 min denaturation at 94 °C, 40 cycles of 94 °C for 20 s, and 60 °C for 30 s. each
assay was done in triplicate. SYBR Green was used as a fluorogenic dye that exhibits little

fluorescence when in solution, but emits a strong fluorescent signal upon binding to double-
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stranded DNA. Spectrophotometric measurements at 260 nm was used to assess the concentration
of the House Keeping Gene and target amplicon DNA for mMRNA expression.

The relative gene expressions relative to B-Actin (ACTB) were calculated by the delta delta
ct values. The expression stability was analyzed using geNorm and NormFinder software.
2.4 Statistical analysis

All data were analyzed using the SAS software, version 6.03 (Statistical Analysis System,
1996). Two-way ANOVA was used for analyzing the individual effects of fishmeal and nucleotide
inclusion levels and the interaction between them. Duncan’s multiple range test was used to
compare differences between treatment means when significant F values were observed (Duncan,
1955). All percentage data were arc-sin transformed prior to analysis (Zar 1984). However, data
are presented untransformed to facilitate comparisons.
3. Results
3.1. Growth performance and feed efficiency

The growth performance of seabream is presented in (Table 3). The data obtained showed
that the growth performance was (P < 0.05) affected either by the addition of nucleotides or the
dietary fishmeal replacements and /or the interaction between two variables. The highest growth
performance was recorded for fish fed FM2s/250 and FM2s/s00 diets, while the lowest growth values
were recorded for FMo and FMosso groups. Dietary nucleotides supplemented at 250mg/kg or
500mg/kg enhanced the final body weight of seabream either FM2s or FMo compared to non-FM-
N group (FMoo). The same trend was observed for WG and SGR. In terms of feed efficiency,
Table 3 illustrates a significant difference in feed utilization indices between treatments (P < 0.05)
with positive effects when dietary nucleotides was added. Fingerling seabream fed nucleotides-

enriched diets recorded significantly (P < 0.05) better FCR values compared to non-nucleotides
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enriched diets, either FMo or FM2s. These results revealed that supplementation of the FMys diet
with 500 mg/kg NucleoforceFish™ (FMz2ss00) obtained the best significant (P < 0.05) FCR
values. An improvement in dietary protein and energy utilization efficiency in terms of PPV and
EU was observed. PPV increased by 32.9, and 17.8% for fish fed FMas/s00, and FMas/zso diets,
respectively, compared to (FM2sp), while it was 18.6 and 13.7% for FMoso0, and FMoyso,
respectively, compared with non-FM-N diet (FMop). Energy utilization was improved
significantly (P < 0.05) by 44.7, and 28.8% for fish fed the FMoasis0, and FMospso diets,
respectively, compared with the non-nucleotides enriched 25% FM diet (FM2s/0), while 21.0 and
14.3% values were recorded for fish fed the FMosoo, and FMosso diets, respectively, compared
with FM-N free diet (FMoo).
3.2. Liver enzyme activity

Table 4 shows that complex | liver enzyme activities gave a significant response (P<0.05)
to the dietary nucleotides enriched diets either FM-free or 25% FM contents and the interaction
between them (P<0.05). Complex | values ranged from 13.6 to 8.9 mL units/mg mitochondrial
protein. The highest significant complex | activity values were recorded in FMas500 and FMosyo,
respectively. Complex Il and Il activity ranged from 62.25 to 42.5 and 212.64 to 151.48 mL
units/mg mitochondrial protein, respectively. Fish fed the diets FMas/250, and FM2ss00 recorded the
highest significant values for either complex Il or Il activity compared to other treatments.
Complex 1V ranged from 304.7 to 250.92 mL units/mg mitochondrial protein. Complex IV
showed higher significant values for the FM2s,o diet group.
3.3 Gene expression

The gene expression results of IGF1, TCR-B, IL1-B, and Hepcidin of fish fed diets

containing different levels of nucleotides and fish meal presented in Table 5. The results showed
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that the highest gene expression (P<0.05) of IGF1 and Hepcidin was recorded for fish fed FM2s/2s0,
while the highest gene expression (P<0.05) of TCR-B and IL1-B were recorded for fish fed FMono
and FMosoo, respectively.
3.4. Gut micobiome

Table 6 shows the gut microbiome abundance of seabream fed different experimental diets.
The obtained data showed that the selected gut microbial communities were significantly affected
either with NucleoforceFish™ enriched or FM-free tested diets. The highest abundance of
Photobacterium damselae was observed in FMo diets supplemented with 250 and 500 mg
NucleoforceFish™. Furthermore, the lowest abundance was associated with the absence of
nucleotides FMosyo diet. Furthermore, Vibrio anguillarum was also dominating in fish fed with
FMo supplemented with 500mg NucleoforceFish™; however, the lowest richness was linked to
the FMoyo diet. On the other hand, the highest abundance of the Lactobacillus plantarum and
Lactobacillus subtilis was revealed in fish fed on FMzs, but the lowest abundance was associated
with FMoy. Finally, the highest richness Enterococcus faecium was recognized in fish fed on
FMorssoo; nevertheless, the lowest was connected to the FMas 250 diet.
3.5. Activity of oxidative enzymes

Table 7 shows the activities of superoxide dismutase (SOD), catalase (CAT) (U/mg
protein), glutathione (GSH) and malondialdehyde (MDA) (nmol/g tissue). Superoxide dismutase
and CAT results significantly improved in both FM2ss00 and FMasi2s0 with 554.5, 363.7 U/mg
protein, and 268.1, 218.4 U/mg protein, respectively. Meanwhile, they were decreased in a
significant way in FMoy diets with 138.5 and 75.5 U/mg protein. Reduced GSH and showed a

significant decrease in both FMoo and FMopso diets with 1491.7 and 2179.3 nmol/g tissues,
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associated with a significant increase in MDA values recorded in the same two diets with 19.88
and 17.80, correspondingly.
3.6. Economic Evaluation

Table 8 presents the data on the economic conversion rate (ECR). The cost of one kg of
FM2s/0 diet increased by 3.32, 6.64, 13.86, 17.18 and 20.50% in the FMass00, FM2s/250, FMoyo,
FMorzs0, and FMoss00 diets, respectively. The lowest values of ECR were recorded for FMoys00, and
FM2s500 diets, respectively, compared with either FMoo or FM2s/o diets, which recorded the highest
ECR values.

4. Discussion

Nucleotides play a crucial role in cellular metabolism, including the storage, transfer, and
expression of genetic information, standing as activated intermediates of energy transport in cells
(e.g., ATP, NAD+), (Krtiger and Mariét, 2018). Nucleotides are synthesized de novo in most fish
tissues, but with low quantity under certain conditions (Do Huu, 2016). Therefore, they are
considered as being mostly non-essential nutrients but sometimes becoming semi-essential (Li and
Gatlin, 2006).

Inclusions of nucleotides have a significant benefit to the body under certain conditions,
particularly under physiological stress (Hess and Greenberg, 2012). Fish meal has a considerable
content of nucleotides, but unfortunately, fish meal is becoming a limited, expensive natural
resource. Most aquafeed formulas without fish meal contain relatively low amounts of nucleotides
(Do Huu et al., 2012). To combat this issue, considerable research is now being performed toward
the replacement of fish meal with other alternative products that contain high levels of nucleotides.

The results observed in the current investigation showed that nucleotide-enriched diets

with 250mg/kg or 500mg/kg enhanced growth performance and feed utilization and metabolic
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indices of sea bream fed both fish meal and non-fish meal control diets respectively. These results
are consistent with Hossain et al (2016) who demostrated positive effects of nucleotides on growth,
blood chemistry, oxidative stress and growth factor gene expression of juvenile red sea bream
(Pagrus major). Furthermore, Hassaan et al (2018) found that Nile tilapia fed diets contained four
levels of yeast extract rich in nucleotides and B- glucan increased the weight gain linearly while
the feed conversion ratio declined linearly with increasing levels of yeast extract. These latter
authors also stated that in addition, fish fed diets supplemented with enriched nucleotide product
improved Hepatic function and promote liver and gut restoration. In addition, Tahmasebi-Kohyani
et al. (2012) reported inclusion of 0.1% or 0.2% nucleotide to the diet promoted improved weight
gain and feed efficiency in fingerling rainbow trout. Xu et al. (2015) found that fingerling hybrid
tilapia fed a 0.60% nucleotide supplemented diet exhibited the highest growth and feed utilization
indices compared to a nucleotide free control diet. Also, Yin et al. (2015) concluded that
Ancherythroculter nigrocauda (a Chinese cyprinid species) fed experimental diets containing yeast
nucleotide with a concentration of 0.45% showed the highest values of final weight, SGR, PER
and the best value of FCR compared with other diets. Moreover, Hossain et al. (2019) reported the
advantage of inclusion nucleotide on growth performance and immune system in different fish
species. Following the same trend, Selim et al. (2020) found that the highest growth performance
and feed utilization efficiency were recorded in fish fed 2.5 g NT/kg diet. However, the present
results for seabream are inconsistent with Ridwanudin et al (2019) who found that rainbow trout
fed diets containing low-fish meal content supplemented with nucleotide clearly showed that there
was no positive effect of dietary nucleotides on growth of rainbow trout. Furthermore, nucleotide

supplementation in juvenile turbot, Scophthalmus maximus failed to affect the growth either in a

20


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ridwanudin%2C+Asep

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

positive or negative pattern, this finding could be due to species effect or the insufficient dose of
nucleotide employed (Fuchs et al., 2015).

The present results could be attributed to a different scenario as follows: i) the inclusion of
Nucleoforce Fish™ that has good palatability, flavor, and aromatic characteristics, which may
cause better attractability, feed intake and development of the intestine of the nucleotide-
supplemented juvenile seabream. As a consequence, better growth response induction and feed
utilization of the tested diets is obtained, ii) Inclusion of nucleotide alters intestinal bacteria that
enhances nutrient assimilation and consequently improves growth performance and feed utilization
(Bower et al., 2019; Gupta et al 2019 and Hosseinfer et al., 2020)., iii) Nucleotide fortification
improves the haemato-biochemical parameters as serum alanine amino-transferase (ALT),
aspartate aminotransferase (AST), Alkaline Phosphatase (ALP); v) stimulatory effects of digestive
enzymes as lipase, amylase, and growth hormone which direcly has positive effects on growth
performance and feed efficiency (Ridwanudin et al 2019).

The present study revealed a positive effect of nucleotides on liver mitochondrial enzyme
complex activities, which are consequently associated with the positive effect on feed utilization
parameters FCR (n=3, r>=0.99), PPV (n=3, r>=0.93) and energy utilization (n=3, r>=0.94). Fish fed
the diets FM2s/500 was superior in the expression of Complex | by 13.62% and associated with the
best values of FCR (1.95) which supports the hypothesis that enhancement of mitochondrial
function is correlated with enhancing growth and feed utilization, The activity levels of Complex
Il enzymes for fish fed the diets of FM2s250 were highly significantly different compared with
other diets (Table 4). Similarly, the best FCR ratios, PPV and EU values, were recorded with
either fish fed the diets FMas/250 or FM2s/s00, Which both were superior to either FMas or FMo diets

supporting the current study findings as they are linked to their best expression to Complex II.
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The present results are in parallel with (Bottje and Carstens, 2009; Eya et al., 2013). Moreover,
Eya et al. (2013) indicated that correlating enhancement of performance and feed efficiency with
mitochondrial enzyme complexes in many animals is vital to decrease the cost expenditure for
energy production at the celluar level.

In terms of Hepatic gene expression, expression of IGF1 in diet FM2s/250 was statistically
elevated than in the livers of seabream from the other treatments. This finding was in accordance
with the FBW with the same diet as it showed an enhanced growth pattern. The present results are
consistent with Hossain et al (2016) who found positive effects of nucleotide on growth and
growth factor gene expression of juvenile red sea bream. Furthermore, Larva Lanes et al. (2012)
found an enhancement of gene expression of IGF1 of rainbow trout fed diets enriched with
nucleotides, which will positively affect the growth rate. On the contrary, Do Huu, (2016) found
that excessive use of nucleotide (10%) negatively affects the growth of rainbow trout under their
experimental conditions.

T cell receptors B (TCR-B) protein in nature complexes are found in the plasma
membranes of immune cells to recognize antigens and are responsible for interaction with major
histocompatibility complex (MHC) considered as a very important indicator for cell-mediated
immunity (Estevez et al.,, 2018). Nucleotide supplementation elevates stress tolerance in
aquaculture as it enhances and modulates cell-mediated immunity as well as innate immunity,
consequently increases the fish capability to face any infection (Ringg et al., 2012). Our findings
were in accordance with the previously mentioned hypothesis in which FM2s/250 and FMosse0 diets
showed the least up-regulation of TCR-B with statistical difference other than the rest of the diets
following then FMoss0 and FMoss00. Furthermore, Torrecillas et al. (2015) and Zhou et al. (2018)

suggested that the usage of soybean meal-based diets showed down-regulation of TCR-B; this was

22



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

not in the same line with our findings where FMo diet was statistically the highest up-regulation of
TCR-B in particular with FMo/s00 treatment with the apparently strongest nucleotide modulating
influence. This could be due to differences in diet formulations between the two studies as ours
was supplemented with poultry by-product meal while the other study was totally formulated with
soybean meal and other plant protein sources. As a result of activation of pathogen associated
molecular patterns (PAMPS) via host pattern recognition receptors (PRRs) Interleukin 1-beta (IL-
1B) is produced, (Zou and Secombes, 2016).

According to Angosto et al. (2012) the mechanism of IL-1 is different in teleost fish from
mammals, yet it still plays a vital role in regulating the inflammatory progression, furthermore it
has a role in fish muscle metabolism and growth, as it controls muscle mass and insulin growth
factor binding protein (IGFBP), (Pooley et al., 2013; Heidari et al., 2015). In the present study, IL-
1B was significantly up-regulated in FMoss00, FMos2s0 and FM2s/2s0 seabream liver compared to the
remaining dietary treatments fed to seabream. These findings are in accordance with Reda et al.,
2018 with the same product tested in tilapia. In contrast, Reyes-Becerril et al. (2008) reported IL-
1B expression in liver was down-regulated in sea bream using live yeast, Debaryomyces hansenii.

The up-regulation of IL-1B via nucleotide supplementation needs further clarification
either it is up-regulated due to increase in the inflammatory action or it is due to it is positive effect
on IGF expression. Interestingly, in our study the significant up-regulation of IL-1p expression in
FMossoo could be due to the compensatory effect of enriched diets with NucleoforceFish™ in the
absence of dietary fish meal. In this connection, Sitja-Bobadilla et al., (2005) reported that
increasing the inclusion of dietary plant protein sources in FM-free diets may negative affects the

immune system of fish.
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Hepcidin (Hep) an antimicrobial peptide, is one of the main mediators in the innate
immune system expressed in liver (Cuesta et al., 2008). Gene expression of Hep is up-regulated as
a result of lipopolysaccharide (LPS) presence, iron overload and bacteria (Yang et al., 2007).
Pereiro et al. (2012) reported that Hep is up-regulated due to bacterial infection not because of iron
surplus.

Although Hep showed antimicrobial activity against most bacteria, according to Cuesta et
al. (2008) the viability of Photobactrium damselae and Vibrio anguillarum was not affected yet
growth inhibition of nearly all strains of pathogenic bacteria was achieved in tha latter study.

Our findings showed significant differences in Hep relative gene expression values
between all experimental treatments, where FM2s/500 Showed the highest relative up-regulation and
FM2s0 showed the lowest degree of up-regulation.

The present results are consistent with Guo et al. (2019) who found zebra fish, Danio rerio
fed diets supplemented with nucleotides modulate the regulation of Hep which may consequently
enhance the immune system. On the contrary, Reyes-Becerril et al. (2008) found a down-
regulation of the Hep gene in liver when the diet was supplied by live yeast, Debaryomyces
hansenii to gilthead seabream. The effect of absence of dietary fish meal on Hep was reported by
Wang et al. (2020) for juvenile hybrid grouper (Epinephelus fuscoguttatus9x Epinephelus
lanceolatusd). Their results exhibited down-regulation of Hep gradually with the decrease of fish
meal inclusion where the diet with 34% fish meal showed the lowest significant decline in Hep.
Their results were in partial accordance with our outcomes as diet FM2s0 was observed to present
the most relative down-regulation of Hep. The significant up-regulation for Hep for fish receiving
the 500mg/Kg supplementation of NucleoforceFish™ in the presence and absence of fishmeal

was notable and a trend for significant up-regulation with increased nucleotide addition was
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detected. This finding suggests that nucleotides could support the absence of FM by substitution
with terrestial animal and plant based ingredients but only to a certain limit.

Therefore, the interaction between the FM substitution and nucleotide supplementation
needs further research regarding the immune status of sea bream. Insulin-like growth factor 1
(IGF1) peptides released from the liver in nature regulates the growth of vertebrates via
stimulating cell division through the somatotropic axis (Tsai et al., 2014; Midhun et al., 2016).
Using nutrients that stimulate IGF1 is an old approach to enhance the growth in aquaculture as
well as deficiencies affecting the IGF1 expression decreases the performance and consequently
negatively affects the growth (Azizi et al., 2016).

To our knowledge, there is very scarce research regarding the effect of nucleotide
supplementation accompanied by FM limitation on the antioxidant response in sea bream diets.
The current trial evaluated the effect of nucleotide supplementation and FM replacement on SOD
and CAT as indicators for the increase of free radicals superoxide (O2") and hydrogen peroxide
(H202) (Hassan, 1980). GSH, another non-enzymatic antioxidant marker indicator for antioxidant
stress and MDA, one of the metabolites of lipid peroxidation were measured to give a full picture
of oxidative stress (Requena et al., 1996). The present results showed a significant increase in
SOD and CAT in both FMo, FM2s/250 and FM2ss00 in comparison to the other groups. This result is
in accordance with most of the literature where the increase in metabolic activity exerts an amount
of free radicals compensated by the production of SOD and CAT indicating that the supply of
nucleotides enhances the antioxidant activity (Zhao et al., 2017; Reda et al., 2018). On the
contrary, Wei et al. (2015) did not observe any differences in the expression of SOD and CAT as a
result of supplementation of dietary nucleotides in the diets of sea cucumber, Apostickopis

japonicas. Similarly, there was no significant difference in SOD and CAT activities reported when
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a dietary commercial nucleotide yeast based protein (Nu-Pro®) (NP) additive was tested on
rainbow trout (Oncorhynchus mykiss) by Ozlier-Hunt et al., 2016 to evaluate 20 (NP 20), 40 (NP
40) and 60 % (NP 60) fish meal substitution with this nucleotide enriched product. Furthermore,
Zhou et al. (2011) stated that the replacement of FM by poultry by-product meal (PBM) in diets
for juvenile cobia, Rachycentron canadum does not affect the antioxidant defenses. In addition,
Hossain et al. (2016) reported that CAT levels were decreased by supplementation of nucleotides
in juvenile red sea bream, Pagrus major.

The highest MDA (P < 0.05) values observed in fish fed diets without nucleotide
supplemenattaion as FMoo and FMopso consistent with the increase in our results of lipid
peroxidation where there was no FM in the diets and the minimum amount of nucleotide addition.
The same results was observed by (Xu et al., 2015; Reda et al., 2018; Zhao et al., 2017), where
diets contained a high amount of nucleotides decreased the MDA level significantly in juvenile
hybrid tilapia, seabass, and yellow catfish, respectively.

The vertebrate intestinal environment is colonized by a complex microbiome community,
which plays a crucial role in host physiology and health (Pickard et al., 2017). The total or partial
replacement of fish meal in seabream diets is commonly accompanied by gut microbial
community changes (Estruch et al., 2015). However, the impact of nucleotide supplementation is
not fully elucidated. The Proteobacteria, Firmicutes and Actinobacteria dominate fish gut
microbial communities, therefore the present study focused on a group of these phyla, including
Photobacterium damselae, Vibrio anguillarum, Lactobacillus plantarum, Lactobacillus subtilis
and Enterococcus faecium (Egerton et al., 2018). The pathobiome is recently identified as a group
of host-associated organisms accompanied by a fundamental decrease of the animal health status,

owing to the interaction between these group members and hosts (Bass et al., 2019). Thus, the
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present study presented two crucial species of seabream pathobiome; Photobacterium damselae
and Vibrio anguillarum. Photobacterium damselae (formerly Vibrio damsela) is one of the main
bacterial diseases affecting seabream, and it has been reported as an endemic infection in Egypt
(Essam et al., 2016). Photobacterium damselae was highly represented in FMo diets supplemented
with either 250 or 500 nucleotides than in comparison to other diets.

The total replacement of fish meal was reported to be linked to an increase in the
abundance of Photobacterium (Estruch et al., 2015). Differences in Photobacterium abundance
may be attributed to the differences in fibre between diets, and it might also suggest a change of
gut immune mechanisms of seabream (Estruch et al., 2015). Moreover, the nucleotide represents
an essential source of the building blocks of the bacterial nucleic acid (Reda et al., 2018). On the
contrary, a moderate abundance of Photobacterium damselae was observed in fish fed on FM2s/s00
and FMzs/250 and the lowest abundance was associated with the absence of nucleotides. Besides,
Vibrio anguillarum was predominating in fish fed with FMo supplemented with 250 and 500
nucleotides. These results agreed with Estruch et al. (2015), who reported that the presence of
vibrio was only associated with the total replacement of fishmeal.

On the other hand, fish fed with FM2s/250 have shown a lower abundance of both species
suggesting that the supplementation of nucleotide is crucial for lowering some species of seabream
pathobiome. Lactic acid bacteria (LAB) play a pivotal role in finfish health and physiology, owing
to their role in gastrointestinal tract development and enhancement of digestive functions,
improving host immune response and disease resistance (Ringg et al., 2018). Furthermore, lactic
acid bacteria have been widely used as probiotics in aquaculture; thus, the current study targeted
three species of lactic acid bacteria. The highest abundance of the Lactobacillus plantarum and

Lactobacillus subtilis was detected in fish fed with FMas0. Although the replacement of fish meal
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has been reported to negatively impact Lactobacillus abundance in seabream gut (Estruch et al.,
2015). A high abundance of Lactobacillus was revealed in fish fed on FMops0. The lowest
abundance of Lactobacillus plantarum and Lactobacillus subtilis was observed in fish fed on FMo
and FM2ss00, respectively. On the other hand, the highest abundance of Enterococcus faecium was
identified in fish fed on FMO0/500. However, previous studies suggested that Enterococcus faecium
was not detected in fish fed on FM substitutions (Torrecillas et al., 2017). Thus, this result reveals
the role of nucleotides in increasing the abundance of Enterococcus faecium within the seabream
gut microbiome. The moderate richness of Enterococcus faecium was detected in fish fed on
FMas/s00, but the lowest was connected to the FMas2s0 diet.

The increasing price of feed is considered one of the most important factors limiting
profitability in fish culture. The cost of all experimental supplemented nucleotide diets with and
without fish meal, remained low compared to the control treatment with no added nucleotide
(FMop). This is due to the higher price and limited quantity of FM as a main ingredient in the
control diets. The elevated price of fish feed mainly responds to the cost of FM (Abdel Rahman, et
al., 2010), and therefore finding a relatively lower cost alternative ingredient has been an ongoing
research goal (Goda et al., 2020). Often in scientific research, technical results will appear to
favour a particular treatment, but what confirms and disproves the validity of technical results is
economical and financial analysis. Although the addition of NucleoforceFish™ has increased the
price of the diets compared to non-enriched N-diets, the value of ECR as a result of the inclusion
of dietary nucleotide has decreased, which means that the efficiency of the experimental enriched

diets with NucleoforceFish™ in terms of relative economic values.
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In the present study, the data confirmed that the addition of NucleoforceFish™ to the feeds
of gilthead seabream would have an apparent positive effect decreasing the ECR values, which are
associated with increasing the economic return.

5. Conclusion

The data in this study indicated that the best overall dietary treatment performance was
FM2s/500 that included fish meal at 25% with 500mg/kg of nucleotide addition. This was generally
without adverse effects on fish quality parameters and the efficiency of growth and feed
utilization. The supplementation of zero fish meal diets for seabream with NucleoforceFish™ as a
commercial nucleotide supplement was also advantageous in compensation for a decrease in the
abundance and richness of the gut microbiome without fish meal in formulated diets for Gilthead
seabream. There was clear evidence of metabolic and health related benefits to the incorporation
of dietary neucleotides for positive trends in metabolic enzymes and specific gene expression.

Use of nucleotides in aquaculture may support the economic performance. and aid the cost
of production (investment volume). We must evaluate the cost benefits of such feed addtives in a
wider context throughout the production cycle and for other marine species of commercial

importance.

29



665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

6. References

Abdel Rahman, S.H; Abdel Razek, F.; Goda, A.M. A.-S; Ghobashy, A.-F. and Ragaiy A. (2010)
Partial substitution of dietary fish meal with soybean meal for speckled shrimp, Metapenaeus
monoceros (Fabricius, 1798) (Decapoda: Penaeidae) juvenile. Aquaculture Research, 41:
299-306.

Abdel-Rahim MM, Mansour AT, Mona MH, El-Gamal MM, El Atafy MM. (2019) To what extent
can maternal inherited immunity acquired from a crustacean-enhanced diet improve the
performance and vitality of the offspring and enhance profitability of European Sea bass
(Dicentrarchus labrax). Journal of the World Aquaculture Society., 50:550-574.

Abtahi, B., Yousefi, N., Abedian Kenari, A., (2013) Influence of dietary nucleotides
supplementation on growth, body composition and fatty acid profile of Beluga sturgeon
juveniles (Huso huso). Aquaculture Research, 44: 254-260.

Aebi, H. (1984). Catalase in vitro. In Methods in enzymology (Vol. 105, pp. 121-126). Academic
Press.

Al-Hussini, A.H. (1947) The anatomy and histology of the alimentary tract of the plankton feeder,

Atherina forskali spp. Journal of Morphology, 80 (2):251-286.

30


https://onlinelibrary.wiley.com/toc/10974687/1947/80/2

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

Angosto, D., Lopez-Castejon, G., Lopez-Mufioz, A., Sepulcre, M. P., Arizcun, M., Meseguer, J.,
& Mulero, V. (2012). Evolution of inflammasome functions in vertebrates: Inflammasome
and caspase-1 trigger fish macrophage cell death but are dispensable for the processing of IL-
1B. Innate immunity, 18(6), 815-824.

AOAC. (2000) Official methods of analysis of AOAC. International 17th edition; Gaithersburg,
MD, USA Association of Analytical Communities.

Ashouri, G., Mahboobi Soofiani, N., Hoseinifar, S.H., Jalali, S.A.H., Morshedi, V., Valinassab, T.,
Bagheri, D., Van Doan, H., Torfi Mozanzadeh, M., Carnevali, O., 2020. Influence
of dietary sodium alginate and Pediococcus acidilactici on liver antioxidant status,
intestinal lysozyme gene expression, histomorphology, microbiota, and di-gestive
enzymes activity, in Asian sea bass (Lates calcarifer) juveniles. Aquaculture 518,
1250-1269

Ayode, A.A., (2011). Length -Weight Relationship and Diet of African Carp Labeo ogunensis
(Boulenger, 1910) in Asejire Lake Southwestern Nigeria. Fisheries and Aquatic
Science.: 1816-1827.

Azizi, S., Nematollahi, M. A., Mojazi Amiri, B., Vélez, E. J., Lutfi, E., Navarro, 1., ... & Gutiérrez,
J. (2016). Lysine and leucine deficiencies affect myocytes development and IGF signaling in
gilthead sea bream (Sparus aurata). PloS one, 11(1), e0147618.

Baidya, S., Shivananda, M.H., Jagadeesh, T.D. and Sonowal, S. (2015) Effect of nucleotide on
Growth, immune responses and resistance of Labeo rohita to Aeromonas hydrophila
infection. Journal of aquatic marine biology 2:37.

Bass, D., Stentiford, G. D., Wang, H. C., Koskella, B., & Tyler, C. R. (2019). The pathobiome in

animal and plant diseases. Trends in ecology & evolution, 34(11), 996-1008.

31



711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

Birch-Machin, M.A. and Turnbull, D.M., (2001). Assaying mitochondrial respiratory complex
activity in mitochondria isolated from human cells and tissues. Methods in cell biology, 65:
97-117.

Birch-Machin, M.A. and Turnbull, D.M., 2001. Assaying mitochondrial respiratory complex
activity in mitochondria isolated from human cells and tissues. Methods in cell biology, 65:
97-117.

Borda, E., Martinez-Puig, D., Cordoba, X., (2003). A balanced nucleotide supply makes sense.
Feed Mix 11, 24— 26.

Bottje, W.G. and Carstens, G.E., (2009). Association of mitochondrial function and feed efficiency

in poultry and livestock species. Journal of animal science, 87: 48-63.

Bottje, W.G., Pumford, N.R., Ojano-Dirain, C., Igbal, M. and Lassite, K. (2006). Feed

efficiency and mitochondrial function. Poultry Science, 85 : 8-14.

Bowyer, P. H., El-Haroun, E. R., Hassaan, M., Salim, H., & Davies, S. J. (2019). Dietary
nucleotides enhance growth performance, feed efficiency and intestinal functional topography
in European Seabass (Dicentrarchus labrax). Aquaculture Research, 50 (7), 1921-1930.

Brett, J.R. (1973). Energy expenditure of Sockeye salmon, Oncorhynchus nerka, during sustained
performance. Journal of the fisheries research board of canada, 30: 1799 —1809.

Burrells, C., Williams, P.D. and Forno, P.F., (2001a). Dietary nucleotides: a novel supplement in
fish feeds: 1. Effects on resistance to disease in salmonids. Aquaculture, 199: 159-169.

Burrells, C., Williams, P.D., Southgate, P.J., and Wadsworth, S.L. (2001b). Dietary nucleotides: a
novel supplement in fish feeds 2. Effects on vaccination, salt water transfer, growth rates and

physiology of Atlantic salmon (Salmo salar L.) Aquaculture, 199: 171-184.

32



733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

Bonaldo, A., Isani, G., Fontanillas, R., Parma, L., Grilli, E., and Gatta, P. (2010) Growth and
feed utilization of gilthead sea bream (Sparus aurata, L.) fed to satiation and restrictively at
increasing dietary energy levels. Aquaculture international. 18, 909-919.

Carver, J. (1999) Dietary nucleotides: effects on the immune and gastrointestinal systems. Acta
Paediatr., 88: 83-88.

Cardinaletti, G., 2019. Intestinal morpho- physiology and innate immune status of European sea
bass (Dicentrarchus labrax) in response to diets including a blend of two marine microalgae,
Tisochrysis lutea and Tetraselmis suecica. Aquaculture 500, 660—6609.

Chaitanawisuti N., Choeychom C. & Piyatiratitivorakul S. (2011). Effect of dietary
supplementation of brewer's yeast and nucleotide singularly on growth, survival and vibriosis
resistance on juveniles of the gastropod spotted babylon (Babylonia areolata). Aquaculture
International, 19: 489-496.

Cheng, Z., Buentello, A. and Gatling DM 3rd. (2011) Dietary nucleotides influence immune
responses and intestinal morphology of red drum Sciaenops ocellatus. Fish shellfish immune.
1:143-147

Cosgrove, M. (1998). Nucleotides. Nutrition, 14 (10) : 748-751.

Cuesta, A., Meseguer, J., & Esteban, M. A. (2008). The antimicrobial peptide Hepcidin exerts an
important role in the innate immunity against bacteria in the bony fish gilthead seabream.
Molecular immunology, 45(8), 2333-2342.

Daniela Gomez, J. Oriol Sunyer & Irene Salinas (2013). The mucosal immune system of fish: The
evolution of tolerating commensals while fighting pathogens Fish & Shellfish Immunology,

35:1729-1739.

33


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

Davies, S.J., Guroyd, G., Hassaan, M., EI-Ajnaf, S.M., El-Haroun, E. (2020). Nutritional evaluation of a novel co-
fermentedapple-pomace, molassesand formicacid generated sardine based fish silages as ingredients in diets
for juvenile European sea bass (Dicentrachus labrax) Aquaculture DOI :020232.0202

Deng, J.M., Mai, K.S., Ai, Q.H., Zhang, W.B., Xu, W. and Liufu, Z.G., (2011). Effects of dietary
protein sources on feed intake, growth and plasma thyroid hormones levels of Japanese
flounder (Paralichthys olivaceus). Aquaculture International, 19 (6): 1061-1074.

Do Huu, H., Tabrett, S., Hoffmann, K., Koppel, P., Lucas, J.S., & Barnes, A.C. (2012) Dietary
nucleotides are semi-essential nutrients for optimal growth of black tiger shrimp (Penaeus
monodon) Aquaculture 366-367.

Do Huu, H. (2016) Overview of the application of nucleotide in aquaculture. Journal of Coastal
Life Medicine 4: 816-823.

Duncan, D.B. (1955). Multiple range and Multiple F test. Biometric, 11: 1-112.

FAO (Food and Agriculture Organization), 2018 The state of world fisheries and aquaculture:
meeting the sustainable development goals. FAO, Rome.

Egerton, S., Culloty, S., Whooley, J., Stanton, C., & Ross, R. P. (2018). The gut microbiota of
marine fish. Frontiers in microbiology, 9: 873-485.

El-Nokrashy, A.M.; El-Banna, R.A.; Edris, B.M.; Abdel-Rahim, M.M.; Jover M.; Tomés Vidal,
A.; Mohamed, R.A. and Goda, A.M.A.S. (2020). Partial and total replacement of fishmeal by
cheaper plant and animal proteins with NucleoforceFish™ supplementation in diets for
Sparus aurata influence fish performance, whole body composition, and amino acid profile.

AACL Bioflux, 13 (2): 1152-1167.

34



776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

Essam, H. M., Abdellrazeq, G. S., Tayel, S. I., Torky, H. A., & Fadel, A. H. (2016). Pathogenesis
of Photobacterium damselae subspecies infections in sea bass and sea bream. Microbial
pathogenesis, 99, 41-50.

Estruch, G., Collado, M. C., Pefiaranda, D. S., Vidal, A. T., Cerda, M. J., Martinez, G. P., &
Martinez-Llorens, S. (2015). Impact of fishmeal replacement in diets for gilthead sea bream
(Sparus aurata) on the gastrointestinal microbiota determined by pyrosequencing the 16S
rRNA gene. PloS one, 10(8).

Estruch, G., Tomas-Vidal, A., El Nokrashy, A.M., Monge-Ortiz, R., Godoy-Olmos, S., Jover
Cerda, M. and Martinez-Llorens, S., (2018). Inclusion of alternative marine by-products in
aquafeeds with different levels of plant-based sources for on-growing gilthead sea bream
(Sparus aurata, L.): effects on digestibility, amino acid retention, ammonia excretion and
enzyme activity. Archives of animal nnutrition, 1-19.

Eya, J.C., Ashame, M.F. and Pomeroy, C.F., (2010). Influence of diet on mitochondrial complex
activity in channel catfish. North American Journal of Aquaculture, 72: 225-236.

Eya, J.C., Ashame, M.F. and Pomeroy, C.F., 2011. Association of mitochondrial function with
feed efficiency in rainbow trout: Diets and family effects. Aquaculture, 321: 71-84.

Eya, J.C., Ukwuaba, V.O., Yossa, R., Ashame, M.F., Pomeroy, C.F. and Gannam, A.L., (2015).
Growth performance and mitochondrial function in juvenile rainbow trout (Oncorhynchus
mykiss) fed graded dietary lipid levels. Annals of Aquaculture and Research, 2: 1006-1011.

Eya, J.C., Yossa, R., Ashame, M.F., Pomeroy, C.F. and Gannam, A.L., (2013). Effects of dietary
lipid levels on growth, feed utilization and mitochondrial function in low-and high-feed

efficient families of rainbow trout (Oncorhynchus mykiss). Aquaculture, 416: 119-128.

35



799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

Ferreira, M., Larsen, B.K., Granby, K., Cunha, S.C., Monteiro, C., Fernandes, J.O., Nunes, M.L.,
Marques, A., Dias, J., Cunha, I., Castro, L.F.C., Valente, L.M.P. (2020). Diets
supplemented with Saccharina latissima influence the expression of genes related
to lipid metabolism and oxidative stress modulating rainbow trout (Oncorhynchus
mykiss) fillet composition. Food Chem. Toxicol. 140, 111332.

Fuchs, V. L., Schmidt, J., Slater, M. J., Zentek, J., Buck, B. H., & Steinhagen, D. (2015). The effect
of supplementation with polysaccharides, nucleotides, acidifiers and Bacillus
strains in fish meal and soy bean based diets on growth performance in juvenile
turbot (Scophthalmus maximus). Aquaculture, 437, 243-251.

Garcia-Diaz, M., Gonzalez, J.A., Lorente, M.J. and Tuset, V.M., (2006). Spawning season,
maturity sizes, and fecundity in blacktail comber (Serranus atricauda) (Serranidae) from the
eastern-central Atlantic. Fisheries Bulletin, 104 : 159-166.

Gil, A., (2002). Modulation of the immune response mediated by dietary nucleotides. European
Journal of Clinical Nutrition, 56: S1-S4.

Glencross, B.D., Huyben, D., and Schrama, J.W. (2020). The Application of Single-Cell
Ingredients in Aquaculture Feeds-A Review. Fishes, 5 (22): 115-132

Goda, A.M.A.-S., Ahmed, S.R., Nazmi, H.M., Baromh, M.Z., Fitzsimmons, K., Rossi W.Jr.,
Davies, S., and El-Haroun, E. (2020) Partial replacement of dietary soybean meal by high
protein distiller's dried grains (HPDDG) supplemented with protease enzyme for European

seabass, Dicentrarchus labrax fingerlings. Aquaculture Nutrition, 26:842—-852.

36



822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

Goda, Sherine Ahmed, Hani Nazmi, Ahmad Aboseif, Mostafa Taha, Susan Fadda, Mohamed Z.
Baromh, Ehab El-Haroun, Simon J. Davies (2020b). Assessment of a high protein distillers
dried grain (HP-DDG) augmented with phytase in diets for European sea bass, Dicentrarchus
labrax fingerlings on growth performance, haematological status, immune response and
related gut and liver histology. Aquaculture, 529: 225-239

Goda, A, Srour, T., Omar, E., Mansour, A., Baromh, M., Mohamed, S., EI-Haroun, E., Davies, S. (2019). Appraisal of
a high protein distiller’s dried grain (DDG) in diets for European sea bass, Dicentrarchus labrax fingerlings
on growth performance, haematological status and related gut histology. Aquaculture nutrition, 25(4), 808- 816

Grimble, G. K. (1996). Why are dietary nucleotides essential nutrients? British Journal of
Nutrition, 76: 475-478.

Gupta, S., Lokesh, J., Abdelhafiz, Y., Siriyappagouder, P., Pierre, R., Sgrensen, M., Fernandes,
J.M.O., Kiron, V. (2019). Macroalga-derived alginate oligosaccharide alters intestinal
Bacteria of Atlantic Salmon. Front. Microbiol. 10, 1255-1275

Goda, A.M., Ahmed, S.A., Nazmi, H., Baromh, M.Z., Fitzsimmons, K., Rossi, R., Davies, S., El-Haroun,E.R.
(2020a).Partial replacement of dietary soybean meal by high protein distiller’s dried grains (HPDDG) supplemented
with protease enzyme (PROXYM ULTRA®) for European seabass, Dicentrarchus labrax fingerlings.
Aquaculture nutrition, 86: 442-478.

Guo X., Ran, C., Zhang, Z., He, S., Jin, M., and Zhou, Z. (2017). The growth-promoting effect of
dietary nucleotides in fish is associated with an intestinal microbiota-mediated reduction in
energy expenditure. Journal of nutrition, 147:781-788.

Guo, X., Li, J., Ran, C., Wang, A., Xie, M., Xie, Y., ... & Zhou, Z. (2019). Dietary nucleotides can
directly stimulate the immunity of zebrafish independent of the intestinal microbiota. Fish &

Shellfish Immunology, 86, 1064-1071.

37



845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

Hassan, H. M. (1980). Superoxide dismutases: detoxification of a free radical. Enzymatic basis of
detoxification, 1, 311-322.

Hassaan, M.S., Mahmoud, M.S., Jarmolowicz, S., El-Haroun, E.R., Mohammady, E.Y ., Davies, S.J. (2018).Effects of
dietary baker's yeast extract onthe growth, blood indices, and histology of Nile tilapia, Oreochromis niloticus
L, fingerlings. Aquaculture Nutrition. 24 (6) : 1709-1717

Hassaan, M, EL Nagar, A., Fitzsimmons, K., and El-Haroun, E.R., (2020). Effect of dietary protease at different
levels of malic acid on growth, digestive enzymes, gut bacterial community, and haemato-immunological
responsesof Niletilapiafed fish meal free diets. Aquaculture, In press

Hassaan, M.S., Mohammady, E.Y., Soaudy, M.R., EI-Garhy, H.S., Moustafa, M.M., Mohamed, S.A., El-
Haroun, E.R (2021). Eubiotic effect of a dietary potassium diformate (KDF) and probiotic (Lactobacillus
acidophilus) on growth, hemato - biochemical indices, antioxidant status and intestinal functional topography of
cultured NiletilapiaOreochromisniloticusfeddiet free fishmeal. Aquaculture “In press”

Hatefi, Y., (1985). The mitochondrial electron transport and oxidative phosphorylation system.
Annual Review of Biochemistry, 54(1):1015-1069.

Heidari, Z., Bickerdike, R., Tinsley, J., Zou, J., Wang, T. Y., Chen, T. Y., & Martin, S. A. (2015).
Regulatory factors controlling muscle mass: Competition between innate immune function
and anabolic signals in regulation of atrogin-1 in Atlantic salmon. Molecular immunology,
67(2), 341-349.

Hess, J. R., & Greenberg, N. A. (2012). The role of nucleotides in the immune and gastrointestinal
systems: potential clinical applications. Nutrition in Clinical Practice, 27 (2): 281-294.

Hoseinifar, S.H., Jahazi, M.,A., Mohseni, R., Yousefi, M., Bayani, M., Mazandarani, M., Doan,

H.V.,El-Harounn E.R (2020). Dietary apple peel-derived pectin improved growth

38


https://www.researchgate.net/publication/319879684_Effects_of_dietary_baker%27s_yeast_extract_on_the_growth_blood_indices_and_histology_of_Nile_tilapia_Oreochromis_niloticus_L_fingerlings?_iepl%5BviewId%5D=10aAAWehl8k4oluA0M78ZgI1&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A319879684&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/319879684_Effects_of_dietary_baker%27s_yeast_extract_on_the_growth_blood_indices_and_histology_of_Nile_tilapia_Oreochromis_niloticus_L_fingerlings?_iepl%5BviewId%5D=10aAAWehl8k4oluA0M78ZgI1&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A319879684&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/319879684_Effects_of_dietary_baker%27s_yeast_extract_on_the_growth_blood_indices_and_histology_of_Nile_tilapia_Oreochromis_niloticus_L_fingerlings?_iepl%5BviewId%5D=10aAAWehl8k4oluA0M78ZgI1&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A319879684&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/319879684_Effects_of_dietary_baker%27s_yeast_extract_on_the_growth_blood_indices_and_histology_of_Nile_tilapia_Oreochromis_niloticus_L_fingerlings?_iepl%5BviewId%5D=10aAAWehl8k4oluA0M78ZgI1&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A319879684&_iepl%5BinteractionType%5D=publicationTitle

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

performance, antioxidant enzymes and immune response in common carp, Cyprinus carpio
(Linnaeus, 1758). Aquaculture, In press

Hosseini, H.,S., Hoseinifar, S.H., Mazandarani, M., Paknejad, H., Doan, H.V., El-Haroun, E.R. (2020). The
potential benefits of orange peels derived pectin on serum and skin mucus immune parameters, antioxidant defence
and growth performance in Common Carp (Cyprinus carpio).Fish and Shellfish immunology, 103, 17-22
Hossain, M.S., Koshio, S., Kestemont, P., 2019. Recent advances of nucleotide nutrition research
in aquaculture: a review. Rev. Aquac. 12, 1028-1053.
Hossain, M.S., Koshio, S., Ishikawa, M., Yokoyama, S., Sony, N.M., Dawood, M.A.O., Kader,
M.A., Bulbul, M., Fujieda, T., 2016. Efficacy of nucleotide related products on
growth, blood chemistry, oxidative stress and growth factor gene expression of
juvenile red sea bream, Pagrus major. Aquaculture 464, 8-16.
Hunt, A., Ozkan-Yilmaz, F., Berkoz, M., Engin, K., Gunduz, S.G., Yalin, S. (2016) Effects of
dietary nucleotide yeast on immune responses and antioxidant enzyme activities of
rainbow trout juveniles (Oncorhynchus mykiss). Israeli journal of aquaculture
68:1-12
Huu, H.D., Tabrett, S., Hoffmann, K., Koppel, P., Lucas, J.S., Barnes, A.C. (2012). Dietary
nucleotides are semi-essential nutrients for optimal growth of black tiger shrimp (Penaeus
monodon). Aquaculture 367:115-121.

Jain, S. K., Ross, J. D., Levy, G. J, Little, R. L., & Duett, J. (1989). The accumulation of
malonyldialdehyde, an end product of membrane lipid peroxidation, can cause potassium leak
in normal and sickle red blood cells. Biochemical medicine and metabolic biology, 42(1), 60-

65.

39



889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

910

Jeejeebhoy, K.N., (2002). Short bowel syndrome: a nutritional and medical approach. Cmaj, 166

(10): 1297-1302.

Jin, M., Xiong, J., Zhou, Q.C., Yuan, Y., Wang, X.X. and Sun, P., (2018). Dietary yeast
hydrolysate and brewer's yeast supplementation could enhance growth performance, innate
immunity capacity and ammonia nitrogen stress resistance ability of Pacific white shrimp
(Litopenaeus vannamei). Fish & Shellfish Immunology, 82: 121-129.

Jung, B. and Batal, A.B., (2012). Effect of dietary nucleotide supplementation on performance and
development of the gastrointestinal tract of broilers. British Poultry Science, 53(1): 98-105.

Jyonouchi, H. (1994). Nucleotide actions on humoral immune responses. The Journal of nutrition,
124(suppl_1), 138-143.

Karimzadeh, S., Mohamad, A., Jafary, A. and Amirkolaie, K. (2020). The effects of dietary
nucleotide type (Hilyses and Augicl5) on growth performance and salinity resistance of
kutum, Rutilus kutum (Kamensky, 1901) fingerlings. Iranian journal of aquaculture, 19: 245-
256

Kirby, D.M., Thorburn, D.R., Turnbull, D.M. and Taylor, R.W., (2007). Biochemical assays of
respiratory chain complex activity. Methods in Cell Biology, 80: 93-119.

Ki Beom Jang, Sung Woo Kim, Supplemental effects of dietary nucleotides on intestinal health
and growth performance of newly weaned pigs, Journal of Animal Science, Volume 97, Issue
12, December 2019, Pages 4875-4882.

Kok, Bjorn, Wesley Malcorps Michael F. Tlusty Mahmoud M. Eltholth Neil A. Auchterlonie

David C. Little Robert Harmsen Richard W. Newton Simon J. Davies, (2020). Fish as feed:

40


http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Karimzadeh
http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Mohamad+Jafary
http://jifro.ir/search.php?sid=1&slc_lang=en&auth=Keramat+Amirkolaie
http://jifro.ir/article-1-2908-en.pdf
http://jifro.ir/article-1-2908-en.pdf
http://jifro.ir/article-1-2908-en.pdf

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

Using economic allocation to quantify the Fish in — Fish out ratio of major fed aquaculture
species. Aquaculture. In press

Kriiger, D. and Mariét V.D.W. (2018) Benefits of nucleotide supplementation in aquaculture: Fish.
Ohly Application Note, 1-4.

Lane AN, Fan TW (2015). Regulation of mammalian nucleotide metabolism and biosynthesis.
Nucleic acids research; 43:2466-2485.

Lanes, C. F. C,, Bolla, S., Fernandes, J. M., Nicolaisen, O., Kiron, V., & Babiak, I. (2012).
Nucleotide enrichment of live feed: a promising protocol for rearing of Atlantic cod Gadus
morhua larvae. Marine biotechnology, 14 (5), 544-558.

Estevez, M., Figueroa, E., Cosson, J., Short, S. E., Valdebenito, I., Ulloa-Rodriguez, P., & Farias,
J. G. (2018). Zebrafish as a useful model for immunological research with potential
applications in aquaculture. Reviews in Aquaculture, 10 (1), 213-223.

Li, P. and Gatlin Ill, D.M., (2006) Nucleotide nutrition in fish: current knowledge and future
applications. Aquaculture, 251(2-4): 141-152.

Li, P., Gatlin, D. M., & Neill, W. H. (2007a). Dietary supplementation of a purified nucleotide

mixture transiently enhanced growth and feed utilization of juvenile red drum, Sciaenops
ocellatus. Journal of the World Aquaculture Society, 38 (2): 281-286.

Li, P., Lawrence, A.L., Gastille, F.L., and Gatlin, D.M. (2007b). Preliminary evaluation of a

purifiednucleotide mixture as a dietary supplement for Pacific white shrimp Litopenaeus vannamei

(Boone). Aquaculture Research, 38:887-890.

Li Xu, Chao Ran, Suxu Jianli Zhang, Jun Hu Yalin Yang, Zhenyu Du, Yanou Yang, and Zhigang

Zhoua, (2015) Effects of dietary yeast nucleotides on growth, non-specific immunity,

41



933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

955

intestine growth and intestinal microbiota of juvenile hybrid tilapia Oreochromis niloticus
Q@ x Qreochromis aureus & Animal Nutrition. 3: 244-251

Liu, B. (2016). The Effect of Dietary Nucleotide Supplementation on Growth and Feed Efficiency
of Rainbow Trout (Oncorhynchus mykiss) Fed Fish meal-Free and Animal Protein-Free Diets.
Master of Science in Animal Biosciences, the University of Guelph.

Lu, Y., Liang, X. P., Jin, M., Sun, P., Ma, H. N,, Yuan, Y., & Zhou, Q. C. (2016). Effects of
dietary vitamin E on the growth performance, antioxidant status and innate immune response
in juvenile yellow catfish (Pelteobagrus fulvidraco). Aquaculture, 464, 609-617.

McCord, J. M., & Fridovich, 1. (1969). Superoxide dismutase an enzymic function for
erythrocuprein (hemocuprein). Journal of Biological chemistry, 244, 6049-6055.

Midhun, S. J., Arun, D., Edatt, L., Sruthi, M. V., Thushara, V. V., Oommen, O. V., ... & Divya, L.
(2016). Modulation of digestive enzymes, GH, IGF-1 and IGF-2 genes in the teleost, Tilapia
(Oreochromis mossambicus) by dietary curcumin. Aquaculture international, 24 (5), 1277-
1286.

Mohebbi, A., Nematollahi, A., Gholamhoseini, A., Tahmasebi-Kohyani, A., & Keyvanshokooh, S.
(2013). Effects of dietary nucleotides on the antioxidant status and serum lipids of rainbow
trout (O ncorhynchus mykiss). Aquaculture Nutrition, 19 (4), 506-514.

Pereiro, P., Figueras, A., & Novoa, B. (2012). A novel Hepcidin-like in turbot (Scophthalmus
maximus L.) highly expressed after pathogen challenge but not after iron overload. Fish &
shellfish immunology, 32 (5), 879-889.

Pickard, J. M., Zeng, M. Y., Caruso, R., & Nufez, G. (2017). Gut microbiota: Role in pathogen
colonization, immune responses, and inflammatory disease. Immunological reviews, 279, 70-

89.

42



956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

Luis., F.Baido- Francesa Tullir Maria, M, Ronan, Pierre., Helena, A., Manuela, P., Viswanath,
Kiron (2021). Physical processing or supplementation of feeds with phytogenic compounds,
alginate oligosaccharide or nucleotides as methods to improve the utilization of Gracilaria
gracilis by juvenile European seabass (Dicentrarchus labrax). Aquaculture, 32, 387-405.

Mohamed, F.F. Maha M. Hady, N.F. Kamel, Naela M. Ragaa (2020) The impact of exogenous
dietary nucleotides in ameliorating Clostridium perfringens infection and improving intestinal
barriers gene expression in broiler chicken, Veterinary and Animal Science, 10: 100130

Pooley, N. J., Tacchi, L., Secombes, C. J., & Martin, S. A. (2013). Inflammatory responses in
primary muscle cell cultures in Atlantic salmon (Salmo salar). BMC genomics, 14, 747-766.

Oliva-Teles, A., Guedes, M.J., Vachot, C. and Kaushik, S.J., (2006). The effect of nucleic acids on
growth, ureagenesis and nitrogen excretion of gilthead sea bream Sparus aurata juveniles.
Aguaculture, 253(1-4): 608-617.

Ozlier-Hunt, A., Ozkan-Yilmaz, F., Engin, K., Berkdz, M. Giil Giindiiz, S., Yalm, S. and Ozlen
Sahin, N. (2014). The effects of fishmeal replacement by yeast based nucleotides on growth,
body composition and digestive enzyme activity in rainbow trout juveniles (Onchorchyncus
mykiss). The Israeli Journal of Aquaculture - Bamidgeh, 68: 1264- 1275.

Ozluer-Hunt, A., Ozkan-Yilmaz, F., Berkéz, M., Engin, K., Giindiiz, S. G., & Yalin, S. (2016).
Effects of dietary nucleotide yeast on immune responses and antioxidant enzyme activities of
rainbow trout juveniles (Oncorhynchus mykiss). The Israeli Journal of Aquaculture-
Bamidgeh.

Quan, R., Barness, L.A. and Uauy, R., (1990). Do infants need nucleotide supplemented formula

for optimal nutrition. Journal of Pediatric Gastroenterology and Nutrition, 11(4): 429-434.

43


https://www.sciencedirect.com/science/article/abs/pii/S0044848620313119#!
https://www.sciencedirect.com/science/article/abs/pii/S0044848620313119#!
https://www.sciencedirect.com/science/article/abs/pii/S0044848620313119#!
https://www.sciencedirect.com/science/article/abs/pii/S0044848620313119#!

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

Ramadan, A., Afifi, N.A., Moustafa, M.M., Samy, A.M., (1994). The effect of ascogen on the
immune response of Tilapia fish to Aeromonas hydrophila vaccine. Fish & Shellfish
Immunol., 4: 159-165.

Rawls, J. F., Mahowald, M. A., Ley, R. E., & Gordon, J. I. (2006). Reciprocal gut microbiota
transplants from zebrafish and mice to germ-free recipients reveal host habitat selection. Cell,
127(2), 423-433.

Reda, R.M., Selim, K.M., Mahmoud, R. and El-Araby, LE., (2018). Effect of dietary yeast
nucleotide on antioxidant activity, non-specific immunity, intestinal cytokines, and disease
resistance in Nile Tilapia. Fish & Shellfish Immunology, 80: 281-290.

Requena, J. R., Fu, M. X., Ahmed, M. U., Jenkins, A. J., Lyons, T. J., & Thorpe, S. R. (1996).
Lipoxidation products as biomarkers of oxidative damage to proteins during lipid
peroxidation reactions. Nephrology Dialysis Transplantation, 11: 48-53.

Reyes-Becerril, M., Salinas, 1., Cuesta, A., Meseguer, J., Tovar-Ramirez, D., Ascencio-Valle, F.,
& Esteban, M. A. (2008). Oral delivery of live yeast Debaryomyces hansenii modulates the
main innate immune parameters and the expression of immune-relevant genes in the gilthead
seabream (Sparus aurata L.). Fish & shellfish immunology, 25: 731-739.

Ridwanudin A, Haga Y, Katagiri T, Satoh S (2019). Effect of nucleotides supplementation to low-
fish meal feed on long-chain polyunsaturated fatty acid composition of juvenile rainbow trout
Oncorhynchus mykiss. Aquac Res; 50:2218-2230.

Ringg, E., Olsen, R.E., Vecino, J.L., Wadsworth, S. and Song, S.K. (2012). Use of
immunostimulants and nucleotides in aquaculture: a review. Journal of Marine Science.

Research Development, 2 :104-125

44



1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

Ringg, E., Hoseinifar, S.H., Ghosh, K., Doan, H.V., Beck, B.R. and Song, S.K., (2018). Lactic
acid bacteria in finfish—An update. Frontiers in Microbiology, 9, 181-201

Russo, R., Yanong, R.P. and Mitchell, H., (2006). Dietary Beta-Glucans and Nucleotides Enhance
Resistance of Red-Tail Black Shark (Epalzeorhynchos bicolor, fam. Cyprinidae) to

Streptococcus iniae Infection. Journal of the World Aquaculture Society, 37 : 298-306.

Rossi, Jr., Allem, K, A., Habte-MichaelHabte-Tsion and Kala-Mallik Meesala (2021).
Supplementation of glycine, prebiotic, and nucleotides in soybean meal-based diets for
largemouth bass (Micropterus salmoides): Effects on production performance, whole-body
nutrient composition and retention, and intestinal histopathology.Aquaculture., In press

Safari, O., Shahsavani, D., Paolucci, M., Mehraban Sang Atash, M., 2015. The effects of dietary

nucleotide content on the growth performance, digestibility and immune responses
of juvenile narrow clawed crayfish, Astacus leptodactylus Eschscholtz, 1823.
Aquac. Res. 46, 2685-2697.

Sakhawat, H., Koshio, S., and Kestemont, P. (2020). Recent advances of nucleotide nutrition
research in aquaculture: a review. Reviews in Aquaculture, 32 : 301-318.

Saenz de Rodriganez, M.A., Fuentes, J., Moyano, F.J and Riberio L. (2013). In vitro evaluation of
the effect of a high plant protein diet and nucleotide supplementation on intestinal integrity in
meagre (Argyrosmus regius). Fish Physiology. Biochemistry 39: 1365-1370.

Salam, A. and Davies, P.M.C 1992). Weight - length relationship of fresh-water gold fish,

Carassius auratus L. Pakistan J. Zool., 24: 329-331.

45


https://www.sciencedirect.com/science/article/abs/pii/S0044848620326338#!
https://www.sciencedirect.com/science/article/abs/pii/S0044848620326338#!
https://www.sciencedirect.com/science/article/abs/pii/S0044848620326338#!

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

Sanchez-Pozo, A. (1998). The role of dietary nucleotides in nutrition —Reply. British Journal of
Nutrition, 79: 107-117.

Santigosa, E., Garcia-Meilan, I., Valentin, J.M., Pérez-Sanchez, J., Médale, F., Kaushik, S. and
Gallardo, M.A., (2011). Modifications of intestinal nutrient absorption in response to dietary
fishmeal replacement by plant protein sources in sea bream (Sparus aurata) and rainbow trout
(Onchorynchus mykiss). Aquaculture, 317 (1-4): 146-154.

Schreck, C.B., and Moyle, P.B. (1990) Methods for Fish Biology. Oregon Fishery Research Unit.
U.S. Fish and Wildlife Service, Oregon State University. American Fisheries Society,
Maryland, U.S.A. (Special report).

Selim,K.S.,Reda, R.M., Rania, M and Iman El-Araby, L.E. (2020). Effects of nucleotides
supplemented diets on growth performance and expressions of ghrelin and insulin-like growth
factor genes in Nile tilapia, Oreochromis niloticus, Journal of applied aquaculture; 27 : 198-
206.

Shaalan, M., ElI-Mahdy, M., Saleh, M. and El-Matbouli, M., (2018). Aquaculture in Egypt:
Insights on the Current Trends and Future Perspectives for Sustainable Development.
Reviews in Fisheries Science & Aquaculture, 26(1): 99-110.

Shoemaker, C. A., Klesius, P. H., Lim, C., & Yildirim, M. (2003). Feed deprivation of channel
catfish, Ictalurus punctatus (Rafinesque), influences organosomatic indices, chemical
composition and susceptibility to Flavobacterium columnare. Journal of Fish Diseases, 26:
553-561.

Sitja-Bobadilla, A., Pefia-Llopis, S., Gomez-Requeni, P., Médale, F., Kaushik, S. and Pérez-

Sanchez, J., (2005). Effect of fishmeal replacement by plant protein sources on non-specific

46


https://www.tandfonline.com/author/Selim%2C+Khaled+M
https://www.tandfonline.com/author/Mahmoud%2C+Rania
https://www.tandfonline.com/author/El-Araby%2C+Iman+E

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

defense mechanisms and oxidative stress in gilthead sea bream (Sparus aurata). Aquaculture,
249: 387-400

Sridee, N., & Boonanuntanasarn, S. (2012). The Effects of Food Deprivation on Hematological
Indices and Blood Indicators of Liver Function in Oxyleotris marmorata. International
Journal of Medicine and Biological Science, 6(5): 254-258.

Suarez, R.K. and Hochachka, P.W., (1981). Preparation and properties of rainbow trout liver
mitochondria. Journal of Comparative Physiology, 143(2), 269-273.

Tacon, A.G.J.; Hasan, M.R.; Metian, M. (2011) Demand and supply of feed ingredients for farmed
fish and crustaceans: trends and prospects.. FAO Fisheries and Aquaculture Technical Paper
No. 564. FAO, 2011. 87

Tahmasebi-Kohyani, A., Keyvanshokooh, S., Nematollahi, A., Mahmoudi, N., Pasha-Zanooshi, H.
(2011). Dietary administration of nucleotides to enhance growth, humoral immune responses
and disease resistance of the rainbow trout (Oncorhynchus mykiss) fingerlings. Fish &
Shellfish Immunology 30:189-193.

Tahmasebi-Kohyani, A, Keyvanshokooh, S., Nematollahi, A., Mahmoudi, N., Pasha-Zanoosi, H.
(2012). Effects of dietary nucleotides supplementation on rainbow trout (Oncorhynchus
mykiss) performance and acute stress response. Fish Physiology. Biochemistry., 38:431-40.

Torrecillas, S., Montero, D., Caballero, M. J., Pittman, K. A., Custddio, M., Campo, A., and
Izquierdo, M. (2015). Dietary mannan oligosaccharides: counteracting the side effects of
soybean meal oil inclusion on European sea bass (Dicentrarchus labrax) gut health and skin

mucosa mucus production?. Frontiers in Immunology, 6, 397.

47


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tahmasebi-Kohyani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21671024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keyvanshokooh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21671024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nematollahi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21671024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmoudi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21671024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pasha-Zanoosi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21671024
https://www.ncbi.nlm.nih.gov/pubmed/21671024

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

Tsai, H. Y., Hamilton, A., Guy, D. R., & Houston, R. D. (2014). Single nucleotide polymorphisms
in the insulin-like growth factor 1 (IGF 1) gene are associated with growth-related traits in
farmed Atlantic salmon. Animal genetics, 45, 709-715.

Tyler, AV. and Dunns, R.S., (1976). Ration, growth, and measures of somatic and organ
condition in relation to meal frequency in winter flounder, Pseudopleuronectes americanus,
with hypothesis regarding population homeostasis. Journal of Fisheries Research Biology
Canada, 33: 63-75.

Vakifahmetoglu-Norberg, H., Ouchida, A. T., & Norberg, E. (2017). The role of mitochondria in
metabolism and cell death. Biochemical and biophysical research communications, 482, 426-
431.

Van Buren, C. T., & Rudolph, F. (1997). Dietary nucleotides: A conditional requirement.
Nutrition, 470-472.

Wai, T. and Langer, T., (2016). Mitochondrial dynamics and metabolic regulation. Trends in
Endocrinology & Metabolism, 27(2): 105-117.

Wang, J., Yun, B., Xue, M., Wu, X., Zheng, Y. and Li, P., (2012). Apparent digestibility
coefficients of several protein sources, and replacement of fishmeal by porcine meal in diets
of Japanese seabass, Lateolabrax japonicus, are affected by dietary protein levels.
Aguaculture Research, 43(1): 117-127.

Wang, J., Liang, D., Yang, Q., Tan, B., Dong, X., Chi, S., ... & Zhang, S. (2020). The effect of
partial replacement of fish meal by soy protein concentrate on growth performance, immune
responses, gut morphology and intestinal inflammation for juvenile hybrid grouper
(Epinephelus fuscoguttatus > Epinephelus lanceolatusd). Fish & Shellfish Immunology, 98,

619-631.

48



1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

Wei, Z., Yi, L., Xu, W., Zhou, H., Zhang, Y., Zhang, W. and Mai, K., (2015). Effects of dietary
nucleotides on growth, non-specific immune response and disease resistance of sea cucumber
Apostichopus japonicas. Fish & Shellfish Immunology, 47(1): 1-6.

Wesselink, E., Koekkoek, W.A.C., Grefte, S., Witkamp, R.F. and van Zanten, A.R.H., (2019).
Feeding mitochondria: Potential role of nutritional components to improve critical illness
convalescence. Clinical Nutrition, 38: 982-995.

Whitehead, J., Wadsworth, S., Carr, 1., (2006). The power of purified nucleotides. Aquaculture
Health International, 4: 14-16.

Wu, M., Shariat-Madar, B., Haron, M. H., Wu, M., Khan, I. A., & Dasmahapatra, A. K. (2011).
Ethanol-induced attenuation of oxidative stress is unable to alter mRNA expression pattern of
catalase, glutathione reductase, glutathione-S-transferase (GST1A), and superoxide dismutase
(SOD3) enzymes in Japanese rice fish (Oryzias latipes) embryogenesis. Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology, 153: 159-167.

Xiong, J.,Jin, M., Yuan, Y., J.-X. Luo, Lu, Y., Zhou, Q-C., Jiang, C., Tan, Z.L. (2018). Dietary
nucleotide-rich yeast supplementation improves growth, innate immunity and intestinal
morphology of Pacific white shrimp (Litopenaeus vannamei). Aquaculture nutrition, 27: 278-
293.

Xu, L., Ran, ., He, S., Zhang, J., Hu, J., Yang, Y., Du, Z., Yang, Y., and Zhou, Z. (2015). Effects
of dietary yeast nucleotides on growth, nonspecific immunity, intestine growth and intestinal
microbiota of juvenile hybrid tilapia Oreochromis niloticus x Oreochromis aureus. Animal

Nutrition, 1:244-251.

49


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Xiong%2C+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jin%2C+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yuan%2C+Y
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Luo%2C+J-X
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lu%2C+Y

1109

1110

1111

1112

1113

1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

Yang, M., Wang, K. J., Chen, J. H,, Qu, H. D., & Li, S. J. (2007). Genomic organization and
tissue-specific expression analysis of Hepcidin-like genes from black porgy (Acanthopagrus
schlegelii B.). Fish & shellfish immunology, 23, 1060-1071.

Yin, H.C., Huang, J., Yang, D.H., Zhao, H.Y., Jia, F., and Zhang, Y. (2015). Effects of yeast
nucleotide on growth performance, serum immune index and muscle composition of
Ancherythroculter nigrocauda Yi & Wu. Iranian Journal of Fisheries Sciences 14:646-659.

Zar, J.H. (1984) Biostatistical Analysis. Prentice-Hall, Englewood Cliff, NJ, USA.

Zhao, H., Cao, J., Huang, Y., Zhou, C., Wang, G., Mo, W., & Chen, X. (2017). Effects of dietary
nucleotides on growth, physiological parameters and antioxidant responses of Juvenile
Yellow Catfish Pelteobagrus fulvidraco. Aquaculture Research, 48: 214-222.

Zhou, Q. C., Zhao, J., Li, P.,, Wang, H. L., & Wang, L. G. (2011). Evaluation of poultry by-
product meal in commercial diets for juvenile cobia (Rachycentron canadum). Aquaculture,
322: 122-127.

Zhou, Z., Ringg, E., Olsen, R. E., & Song, S. K. (2018). Dietary effects of soybean products on
gut microbiota and immunity of aquatic animals: a review. Aquaculture Nutrition, 24: 644-
665.

Zou, J., & Secombes, C. J. (2016). The function of fish cytokines. Biology, 5(2), 23.

50



Table 1. Formulation and proximate composition of the experimental diets for gilthead seabream (g/kg)

Experimental Diets*

FMoro FMor2s0 FMors00 FMas/o FM2s/250 FM2s/500
Fish meal 0 0 0 185 185 185
Poultry By-product 294 294 294 220 220 220
Soybean meal 234 234 234 175 175 175
Corn Gluten 134 134 134 100 100 100
Wheat Bran 76 75.75 75.50 89 88.75 88.50
Squid meal 134 134 134 100 100 100
Fish oil 118 118 118 121 121 121
Vitamins and mineral 10 10 10 10 10 10
mixture
Nucleotides? 0 0.25 0.5 0 0.25 0.5
Proximate Composition (%)
DM, % 93.9 93.6 92.9 93.3 93.5 93.8
Protein, % 45.50 45.90 46.60 46.10 45.75 46.00
lipids, % 18.00 17.80 17.60 18.10 18.20 17.70
Ash, % 15.35 15.70 15.10 15.40 15.65 15.85
Fiber, % 2.93 2.53 2.68 2.55 2.92 3.30
NFE3, % 18.22 18.08 18.02 17.85 17.48 17.16
Gross energy (MJ/kg)* 20.97 20.96 21.04 21.09 20.98 20.79
P/E ratio (mg CP:kJ) 90.74 91.58 92.63 91.43 91.19 92.55
Price (US$/kg feed) 0.844 0.858 0.872 0.961 0.975 0.989

-FMon (0% fish meal; Omg nucleotide), FMopzso (0% fish meal+250mg nucleotide), FMosoo (0% fish
meal+500mg nucleotide), FM2s0 (Omg nucleotide , 25% fish meal), FMosps0 (25% fish meal+250mg
nucleotide), FM2s/s00 (25% fish meal+500mg nucleotide).

vitamin and mineral mixture each 1-kg of mixture contains: 4800 1.U. Vit A, 2400 IU cholecalciferol (vit. D)
,40 g Vit E, 8 g Vit K, 4.0 g Vit B1o, 4.0 g Vit B2, 6 g Vit B6, 4.0 g Pantothenic acid, 8.0 g Nicotinic acid, 400
mg Folic acid, 20 mg Biotin, 200 gm Choline, 4 g Copper, 0.4 g lodine, 12 g Iron, 22 g Manganese, 22 g Zinc,
0.04 g Selenium, 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% CI), 3077 mg Ferrous sulfate (FeSO4.7H>0,
20% Fe), 65 mg Manganese sulfate (MnSQOs, 36% Mn), 89 mg Zinc sulfate (ZnSO4.7H20, 40% Zn), 150 mg
Copper sulfate (CuSO4.5H20, 25% Cu), 28 mg Potassium iodide (KI, 24% K, 76% 1), 1000 mg Celite AW521
(acid-washed diatomaceous earth silica).

2Nucleoforce Fish ™ is concentrated balanced free nucleotides and active precursors, obtained from yeast
produced by the bioiberica  company,  Spain.https://www.bioiberica.com/animal-health/animal-
nutrition/fish/nucleoforce-fish-1/#sthash.0j8NW]jSA.dpbs.

% Nitrogen free extract (NFE) =100- (Protein%-+lipids%+ Ash%-+ Fiber %).

“Calculated using gross caloric values of 23.62, 39.52, and 17.15 kJ/g for protein, fat, and
carbohydrate, respectively, according to Brett (1973).

-DM= Dry matter.
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Table 2. The primers using for determining TCR, IL-1p, Hepcidin and IGF1 are listed and were used relative to g-Actin (ACTB) and for bacteria -

Gene name Gene Gene Bank Primer sequences
abbreviation number (5'-3")
Immunoglobulin M IgM IgM 26691348 CAGCCTCGAGAAGTGGAAAC
17547755 GAGGTTGACCAGGTTGGTGT
Hepcidinl Hep 26691348 GCCATCGTGCTCACCTTTAT
17547755 CCTGCTGCCATACCCCATCTT
Interleukinl beta IL-1B 28706519 GGGCTGAACAACAGCACTCTC
26691348 TTAACACTCTCCACCCTCCA
T-Cell Receptor Ter 26691348 AAGTGCAATGCCAGCTTCTT
28453393 TTGGCGGTCTGACTTCTT
Photobacterium damselae 28341681 CCTATGGGACATGAATGG
27084008 GCTCTAGGCTAAATGAATC
Photobacterium damselae 27737014 ACATCATCCATTTGTTAC
Vibrio anguillarum 24649315 CCTTATCACTATCCAAATTG
Vibrio anguillarum 26840426 GAAAGAGCCCAAACCAAGTGATT
Lactobacillus plantarum 23386831 CTTCCCAGATAATTCAACTATCGCTTA
Lactobacillus plantarum 23386831 GGAATCTTCCACAATGGACG
Lactobacillus subtilis 30286089 CGCTTTACGCCCAATAAATCCGG
Lactobacillus subtilis 25973610 ATCAACCATGTTGATGTAGC

Enterococcus faecium 30286089 AAGGGATACCGGACAATTCA




Table 3. Growth performance and feed utilization efficiency of juvenile gilthead seabream, sparus aurata fed different
experimental diets.

FMo FMz2s

Items

NTo NT2s0 NTs00 NTo NT250 NTs00
IBW (g/fish) 0.35%0.01 0.36+0.01 0.36+0.01 0.3520.01 0.3620.01 0.3620.01
FBW (g/fish) 11.76 +#0.279  12.38+0.23%  13.14+0.19°  12.60 +0.36°  13.63x0.16% 14.25+0.24°
Weight gain (g/fish) 11.41+0.23¢ 12.0240.24%¢  12.78+0.19* 12.25+0.31°  13.27+0.18% 13.89+0.212
SGR (%ffish/day) 1.947+0.007¢  1.965+0.005°  1.999+0.013"  1.986+0.014° 2.022+0.010®  2.043+0.005
FCR 2.34+0.03° 2.17+0.04° 1.99+0.02° 2.23+0.02° 1.95+0.05° 1.81+0.02¢
PPV (%) 16.16+0.40°  18.38+0.56"  19.17+1.34  17.54+0.26"°  20.67+1.46% 23.32+1.64%
EU (%) 13.02+0.36™  14.88+0.58°°  15.75+1.32%  12.42+0.20°  16.00+1.10% 17.97+1.26°

FM levels NT Levels

0% 25% Omg 250mg 500mg
IBW (g/fish) 0.35:0.1 0.3640.1 0.35+0.1 0.36+0.1 0.36+0.1
FBW (g/fish) 12434022  13.49+0 25° 12.18+0.30°  13.01+0.22° 13.70+0.14°
Weight gain (g/fish) 12.08£0.21°  13.13+0.222 11.83+0.29°  12.65£0.22®  13.34%0.12
SGR (%/fish/day) 1.97+0.01° 2.02+0.01° 1.97+0.01°  2.00£0.01% 2.02+0.01°
FCR 2.17+0.03° 2.00+0.02° 2.29+0.02° 2.06+0.04° 1.90+0.02°
PPV (%) 17.90+0.95°  20.51+1.112 16.85+0.38°  19.53+0.88" 21.25+1.42°
EU (%) 14.55+0.58"  15.46+0.95 12.7240.25°  15.44+0.85" 16.86%1.20°

*Values are means £ SEM, n = 3.

“-FMoo (0% fish meal; Omg nucleotide), FMoszso (0% fish meal+250mg nucleotide), FMosoo (0% fish meal+500mg nucleotide), FMasio
(Omg nucleotide , 25% fish meal), FMas/250 (25% fish meal+250mg nucleotide), FMas/s00 (25% fish meal+500mg nucleotide).
- Final body weight (FBW), Weight gain (WG), feed conversion ratio (FCR), protein productive value (PPV) and Energy utilization, (EU %).
-FM=fishmeal; NT = nucleotides.



Table 4. The specific activity (Activity Units/g Protein) of respiratory chain enzymes (Complex I, II, I1I, and 1V) in liver
mitochondria of juvenile gilthead seabream, sparus aurata fed different experimental diets.

ltems

FMo FM2s
NTo NT2s0 NTs00 NTo NT 250 NTs00
Complex | 8.98+0.18¢ 9.59+0.32¢ 10.3240.14¢  12.40+0.11°  19.16+0.16° 13.62+0.16°
Complex 11 42.49+0.29¢ 51.23+0.13¢ 50.84+0.13° 43.15+0.21¢ 62.25+0.232 58.62+0.19°
Complex 111 151.48+1.71° 165.76+0.95¢ 178.95+1.84¢ 152.95+0.42° 212.64+1.45°  198.35+0.47"
Complex IV 250.92+1.57¢ 261.31+1.27¢ 268.43+1.09° 268.50+1.25° 296.31+1.55°  290.44+0.50%
FM levels NT Levels
0% 25% Omg 250mg 500mg
Complex |
P 9.63+0.21° 11.73+0.13° 10.69+0.14° 9.38+0.24° 11.97+0.13°
Complex 11 b b
48.19+0.18 54.67+0.20? 42.82+0.21° 56.74+0.172 54.73+0.14
Complex 111 b
165.40+1.31°  187.98+0.642 152.22+1.11°  189.20+1.01*  188.65+1.23%
Complex 1V ) b
260.22+1.29° 285.08+1.012 259.71+1.27¢ 275.81+1.43 282.44+0.87°

*Values are means £ SEM, n = 3.

“Means in a row with different superscript letter are significantly different.

--FMopo (0% fish meal; Omg nucleotide), FMos2s0 (0% fish meal+250mg nucleotide), FMos00 (0% fish meal+500mg nucleotide),
FM2s/0 (Omg nucleotide , 25% fish meal), FMas/250 (25% fish meal+250mg nucleotide), FMas/s00 (25% fish meal+500mg nucleotide).
-FM=fishmeal; N = nucleotides.

-Complex I =NADH: Ubiquinone Oxidoreductase, EC 1.6.5.3, Complex Il =Succinate: ubiquinonel oxidoreductase, EC 1.3.5.1,
Complex 11 = ubiquinol: ferricytochrome c reductase, EC 1.10.2.2, Complex V= cytochrome ¢ oxidase, EC 1.9.3.1.



Table 5. IGF1, TCR-B, IL-1B, and
experimental diets.

Hepcidin gene expressions in liver of juvenile gilthead seabream, Sparus aurata fed different

FMo FM2s
Items

NTo NT2s50 NTs00 NTo NT2s0 NTs00
IGE1 1.2540.21° 0.93+0.04°  0.93+0.04°  0.84+0.03° 2.09+0.04° 1.1040.05"
TCR-B 1.28+0.27° 1.19+0.01%  3.130.12% 1.710.02° 0.91+0.02" 1.12+0.33¢
IL-1p 0.89:0.05" 1.85+0.08"  2.38x0.32°  1.21+0.02* 1.92+0.07" 1.59+0.03"
Hepcidin 1.110.02° 1.41+0.01Y  1.60£0.01°  0.51%0.01' 1.84+0.06" 2.08+0.04°

FM levels NT Levels

0% 25% Omg 250mg 500mg
IGF1 1.04+0.33" 1.34+0.56" 1.04+0.42" 1.51+0.61° 1.02+0.14
TCR-B 2.40+0.43° 1.7240.13" 3.70£0.75° 1.0540.16° 1.41+0.62°
IL-1p 1.70+0.77° 157+0.32" 1.05+0.19° 1.89+0.18" 1.98+0.67°
Hepcidin 1.37+0.21° 1.47+0.72° 0.81£0.32° 1.62+0.24" 1.84+0.26

*Values are means = SEM, n = 3. Data is normalized to (1) for the control fishmeal nucleotide free diets

“Means in a row with different superscript letter are significantly different.

--FMospo (0% fish meal; Omg nucleotide), FMo/2s0 (0% fish meal+250mg nucleotide), FMosoo (0% fish meal+500mg nucleotide),
FMaso (Omg nucleotide , 25% fish meal), FMaspso (25% fish meal+250mg nucleotide), FMass00 (25% fish meal+500mg
nucleotide).

-FM=fish meal; N = nucleotides.



Table 6. Gut microbiota profile of juvenile gilthead seabream, sparus aurata fed different experimental diets.

Items FMo FMz2s
NTo NT 250 NT5s00 NTo NT 250 NT5s00
Photobacterium damselae ~ 95.33+2.562 110.50+6.84% 101.00+£6.12%  72.67+2.50° 95.00+6.112 100.33+6.12°
Vibrio anguillarum 55.50+1.98¢ 162.67+1.21° 213.17£1.10*  120.83+6.17°¢ 111.50+6.85° 155.83+5.40°
Lactobacillus plantarum 77.50+3.49¢ 132.00+7.59° 115.50+8.63  230.83+8.74% 132.3345.59° 107.6745.91°
Lactobacillus subtilis 166.67+9.27°  180.67+7.43° 118.83+4.66° 341.83+10.16% 118.3345.18° 109.1748.01°
Enterococcus faecium 290.50+£9.52°  210.67+7.07° 360.17+7.60° 256.67+11.209  99.33+4.45 325.00+5.88°
FM levels NT Levels
0% 25% Omg 250mg 500mg
Photobacterium damselae ~ 102.28+4.20% 89.33+7.18" 84.00£3.23° 102.75+7.18% 100.67+4.30°
Vibrio anguillarum 143.78+5.58%  129.39+7.84 88.17+3.03°  137.08£9.76°  184.50+4.27°
Lactobacillus plantarum ~ 108.33+3.08°  156.94+2.24° 154.17+49.26°  132.17+5.82°  111.58+6.11°
Lactobacillus subtilis 155.39+8.39°  189.78+7.00° 254.25+857°  149.50+557°  114.00+7.75°
Enterococcus faecium 287.11+7.60? 227.00+3.89° 273.5845.76° 155.00£3.57°¢ 342.58+4.36°

*Values are means + SEM, n = 3.

“Means in a row with different superscript letter are significantly different.

-FMon (0% fish meal; Omg nucleotide), FMopso (0% fish meal+250mg nucleotide), FMoso0 (0% fish meal+500mg nucleotide), FM2s0 (Omg

nucleotide , 25% fish meal), FM2s/250 (25% fish meal+250mg nucleotide), FM2s/500 (25% fish meal+500mg nucleotide).

-FM=fishmeal; N = nucleotides.



Table 7. Specific activities of superoxide dismutase (SOD), catalase (CAT) (U/mg protein), reduced glutathione (GSH) and
malondialdehyde (MDA) (nmol/g tissue) in the liver of gilthead seabream, sparus aurata fed different experimental diets.

ltems FMo FMa2s

NTo NT 250 NT5s00 NTo NT 250 NT5s00
SOD (U/mg protein) 138.50+8.40¢ 154.60+18.60¢  223.70+14.6°  220.30+12.00°  363.70+11.90°  554.50+15.10%
CAT (U/mg protein) 75.50+9.30¢ 00.40+11.60%  128.40+850°  127.60+8.20°  218.40+9.60P  268.10+10.30°
GSH (nmol/g tissue) 1491.70+42.70°  2179.30+54.3"  2822.20+47.0° 2797.03+42.90° 2816.70+51.30° 2852.50+37.40°
MDA (nmol/g tissue) 19.88+0.302 17.80+0.50° 9.88+0.30¢ 11.420+0.40° 10.88+0.50% 9.97+0.40¢

FM levels NT Levels

0% 25% Omg 250mg 500mg
SOD (U/mg protein) 172.27#13.87°  379.50+13.00° 179.4+10.20°  259.15+15.25"  389.10+14.85
CAT (U/img protein) 101.10£9.80°  204.70+9.372 101.55¢8.75°  158.90+10.60°  198.25+9.40°
GSH (nmol/g tissue) 2164.40+48.00°  2822.17+43.87° 2144.50+42.80° 2498.00+52.80P  2837.35+42.20°
MDA (nmol/g tissue) 15.85+0.37% 10.76+0.43° 15.65+0.35% 14.3420.5b 9.925+0.35¢

*Values are means £ SEM, n=3

“Means in a row with different superscript letter are significantly different.

-FMon (0% fish meal; Omg nucleotide), FMoso (0% fish meal+250mg nucleotide), FMoss00 (0% fish meal+500mg nucleotide),
FMoas/0 (Omg nucleotide , 25% fish meal), FM2s250 (25% fish meal+250mg nucleotide), FMass00 (25% fish meal+500mg nucleotide).
-FM=fishmeal; N = nucleotides.



Table 8. Economic analysis of juvenile gilthead seabream, Sparus aurata production output cost/metrics fed different the experimental

diets.

Items FMo FM2s

NTo NT 250 NTs00 NTo NT 250 NTs00
Cost of Diet (kg/ $)* 0.844 0.858 0.872 0.961 0.975 0.989
Total consumed feeds(gm/fish) 26.68+0.89°  26.06+0.56° 25.39+0.56°° 27.26+0.94%  25.88+0.40°°  25.13+0.39°
ECR 1.9840.26°  1.86+0.23°  1.74+0.19°  2.14+0.36*°  1.90+0.16 1.79+0.24°

FM levels NT Levels

0% 25% Omg 250mg 500mg
Cost of Diet (kg/ $)* 0.86 0.98 0.90 0.92 0.93
Total consumed feeds (gm/fish 26.04+0.67  26.09+0.58 26.97+0.922 25.97+0.48° 25.26+0.48°
ECR 1.86+0.23°  1.94+0.25°2 2.06x0.31°  1.88+0.20° 1.7740.22°¢

*Values are means + SEM, n = 3.

“Means in a row with different superscript letter are significantly different.
--FMoo (0% fish meal; Omg nucleotide), FMos2so (0% fish meal+250mg nucleotide), FMosso0 (0% fish meal+500mg nucleotide),
FMzso (Omg nucleotide , 25% fish meal), FMasi2s0 (25% fish meal+250mg nucleotide), FMass00 (25% fish meal+500mg

nucleotide).

-FM=fishmeal; NT = nucleotides.

One US$ = 18 Egyptian pound (L.E.).

FCR= Feed conversion ratio.

ECR=Economical conversion rate= Cost of diet ($/kg)* FCR.



