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Abstract

This experiment was aimed to investigate the effect of phytase,
citric acid and their interaction on growth performance, feed
utilization, body composition, economic evaluation and its
antibacterial activity against fish pathogens of Nile tilapia
fingerlings. Nine isonitrogenous 30 % CP and isocaloric 450.27
Kcal/100g experimental diets were prepared. Phytase was added
at the level 0, 1000 and 2000 FTU/kg diet while citric acid was
added at the level of 0, 30 and 60 g in the experimental diets. Six
hundred and seventy five of Nile tilapia fingerlings were placed
randomly in twenty seven V-shaped fiber tanks 120 L capacity of
water /tank, in three replicates per treatment was used in this study.
Each tank stocked with twenty five fingerlings of with an average
initial body weight of 12.47+0.3g /fish. Fish were acclimated to
laboratory conditions for 2 weeks prior before the experimental
started. Photoperiod was 12h light/ 12h dark regulate. Fish were
hand-fed to satiation, two times daily for six days a week through
the whole experimental period (60 days). The results indicated that
the best growth performance and feed utilization of Nile tilapia
fingerlings fed on D5 (1000 FTU phytase / kg + 30g citric acid/
kg) and the lowest group fed on control diet (D1). While,
antibacterial activity showed that citric acid alone and citric acid
with phytase had highest activity and gave wide inhibition zones
against all tested and isolated bacteria which infect Nile tilapia
compare with different used antibiotics. Phytase and citric acid
positively affected the growth performance, feed utilization,
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whole body composition and antibacterial activity against in Nile

tilapia (O.niloticus) fingerlings. Moreover, both the supplements

interacted significantly with each other for these parameters and

that the fish fed on diet No. 5, containing 1000 FTU phytase / Kg

with 30 g citric acid/ kg, gave the best results.

Keyword: phytase, citric acid, Nile tilapia fingerlings, growth

performance, feed utilization, economic evaluation,
antibacterial activity.

INTRODUCTION

Soybean meal is one of source of plant protein can addition in fish diet
as alternative of animal protein source (Ng and Romano, 2013). Soybean
meal has high content of protein and amino acid. But it contained anti-
nutritional factors as phytate which reduce absorption of protein, minerals
and other nutrients. So improvement of these nutrients availability
depended on addition of phytase and citric acid. Phytase is enzyme which
hydrolyze phytate complex (Cao et al., 2007). Studies have been reported
improved growth, feed performance and nutrient utilization have been
observed in Cirrhinus mrigala (Hussain et al., 2017), Nile tilapia (Abo
Norag et al., 2018). Studies have been reported improve mineral
digestibility in Nile tilapia (Nwanna and Olusola, 2014). Citric acid is
another approach to break phytate complex by reducing pH. Citric acid
enhances growth and nutrients utilization (Dai et al., 2018). Citric acid
improved bone mineralization in L. rohita juveniles fed on soybean meal
based diet (Shafique et al., 2018). Also, combination between citric acid
and phytase has been improved growth and nutrient utilization in L. rohita
(Bano and Afzal, 2017).

Diseases outbreak is a most problem which faces aquaculture
development. Feed additives play role in enhance growth performance,
immunity and reduce harmful effects due to using antibiotic. Antibacterial
activity test was conducted to evaluate effects of feed additives in vitro on
bacteria pathogen which formed main source in diseases outbreak. This
experiment was aimed to investigate the effect of phytase, citric acid and
their interaction on growth performance, feed utilization, body
composition, economic evaluation and its antibacterial activity against fish
pathogens of Nile tilapia fingerlings.

MATERIAL AND METHODS

The experimental work of the present study was carried out at the
Department of Animal and Fish Production, Faculty of Agriculture, Suez
Canal University, Ismailia- Egypt to determine the influence of the effects
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of phytase, citric acid and their interaction on growth performance, feed
utilization, whole body composition, economic evaluation and its
antibacterial activity against fish pathogens of Nile tilapia fingerlings.

Experimental Facility

Nile tilapia (O. niloticus) fingerlings obtained from Central Laboratory for
Agquaculture Research, Abbaasa, Abu-Hammad, Sharkia Governorate,
Egypt were used in the present study. Six hundred and seventy five of Nile
tilapia fingerlings were placed randomly in twenty seven V-shaped fiber
tanks 120 L capacity of water /tank, in three replicates per treatment was
used in this study. Each tank stocked with twenty five fingerlings of with
an average initial body weight of 12.47+0.3g /fish. Fish were acclimated to
laboratory conditions for 2 weeks prior the experimental started.
Photoperiod was 12h light/ 12h dark regulate. Each fiber tanks was aerated
by using small air-bumps. Aeration was continuously provided using an air
blower. Settled fish wastes along with a half of fiber tanks water was
siphoned daily, and replaced by well-aerated and dechlorinated tap water
from a storage tank. Fish in each fiber tanks were weighted every 10 days
throughout of experimental period (60 days). Dead fish were daily recorded
and removed. At the end of the study, fish were individually weighed.
Water temperature was thermostatically controlled throughout the
experimental period.

Experimental design

The present experiment was conducted to investigate the effects of phytase,
citric acid and their interaction on performance of Nile tilapia fingerlings.
For this trial, 675 fingerlings were used in a 3x3 factorial arrangement (0,
1000 and 2000 FTU/kg phytase and 0, 30 and 60 g / kg citric acid) as table
(D).

Table (1): Experimental design

Different levels of phytase | Different levels of citric acid
(FTU phytase /kg diet) (g citric acid /kg diet)

0 30 60
0 D1 D2 D3
1000 D4 D5 D6
2000 D7 D8 D9

Water quality parameters

Water quality parameters (temperature, dissolved oxygen, pH, and
ammonia) were monitored to ensure water quality remained well within
limits recommended for Nile tilapia. Water temperature and dissolved
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oxygen were measured using mettler Toledo, model 128.s/No01242
instrument Ammonia was measured by Hanna ammonia meter, every other
day. pH was measured by Orion model 720A,s/no 13062 and monitored
twice weekly. During the feeding trial, the water quality parameter
averaged (+SD): water temperature 23.00 + 1.00 ° C, dissolved oxygen 5.70
+0.5mg IY; pH 7.7 £ 0.7 and ammonia 0.002 + 0.007 mgl™.

Experimental diet

Table (2) showed feed ingredients (g /kg) and proximate chemical analysis
(%) of the experimental diets. Nine isonitrogenous 30 % CP and isocaloric
450.27 Kcal/100g experimental diets were prepared. Phytase was added at
the level 0, 1000 and 2000 FTU/kg diet while Citric acid was added at the
level of 0, 30 and 60 g in the experimental diets as the following: D1 ,
Without any addition (control diet ); D2, (Without any addition phytase +
30g citric acid/kg diet); D3, (Without any phytase + 60g citric acid/ Kg diet
); D4, (1000 FTU phytase /Kg diet + Without any addition citric acid);
D5,(1000 FTU phytase/kg diet + 30g citric acid/kg diet); D6, (1000 FTU
phytase/kg diet + 60g citric acid/kg diet), D7 (2000 FTU phytase/kg diet+
without any citric acid); D8, (2000 FTU phytase/kg diet + 30g citric
acid/kg diet) and D9, (2000 FTU phytase /kg diet + 60g citric acid/kg diet
. Fish in each tank were hand-fed with one of the experimental diet to
satiation, two times daily (9:00 am and 2:30 pm) for six days a week
through the whole experimental period (60 days).

Citric acid was obtained from (EI Nasr Pharmaceutical Chemicals
Company) in a powder form, minerals mixture and vitamin premix were
added to ground ingredients and mixed electrically. While, phytase used
was a 6-phytase (EC 3.1.3.26) obtained from Buttiauxella sp. expressed in
Trichoderma reesei (Axtra PHY®, Danisco Animal Nutrition, DuPont
Industrial Biosciences, Marlborough, UK). The dry ingredients of each diet
were thoroughly mixed, and 100 ml of water was added per kg diet.
Afterwards, the mixture (ingredients and water) was blended using a
kitchen blender to make a paste of each diet. Diet ingredients were ground
and thoroughly mixed and the oil was slowly added at the same time of
mixing with warm water (45°C) until the diets began to clump. Dose of
phytase enzyme was mixed first into warm water (Rachmawatia et al.,
2017) then added to feeds. Noodle-like feed pellets, which were then
broken to make 2-mm die pellets, were prepared using kitchen mincer. The
pellets were dried by the sun for 2 days with keeping Ventilation and
flipping then stored in plastic bags when completed drying in a deep freezer
at —2°C until use.
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Table 2: Feed ingredients (g /k g) and proximate chemical analysis
%) of the experimental diets.

Diets No. |
Ingredient '
1 2 3 4 5 6 7 8 9
Fishmeal (60% CP) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.(|
Soybean meal (47%CP) 480.0 | 480.0 | 480.0 | 480.0 | 480.0 480.0 480.0 | 480.0 | 480.
Wheat bran 120.0 | 120.0 | 120.0 | 120.0 | 120.0 120.0 120.0 | 120.0 | 120.
Rice bran 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.(
Yellow corn 220.0 | 190.0 | 160.0 | 219.9 | 189.9 159.9 219.8 | 189.8 | 159.
Sunflower oil 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.(
Vitamin' and Minerals® Mix 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.(
Phytase (g)° 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.2 0.2
Citric Acid (g) 0.0 30.0 60.0 0.0 30.0 60.0 0.0 30.0 60.(
Total 1000 1000 1000 1000 1000 1000 1000 1000 100(|
Proximate chemical analysis (%) |
Dry matter 90.44 | 90.67 | 90.59 | 90.47 | 90.74 90.81 90.77 | 90.63 90.4|
Crude protein (CP) 30.05 | 30.75 | 30.25 | 30.45 | 30.30 30.08 30.30 | 30.25 30.4|
Ether extract (EE %) 8.34 8.23 8.48 8.18 8.31 8.55 8.42 8.11 8.0:
Total ash 7.42 7.39 7.47 7.39 7.34 7.37 7.03 7.47 7.2';'
Crude Fiber (CF) 5.24 5.62 5.5 5.91 5.92 5.6 55 5.74 5.4E|
NFE* 48.95 | 48.01 | 48.30 | 48.07 | 48.13 48.40 48.75 | 48.43 48.7|
p 0.83 0.82 0.8 0.81 0.84 0.80 0.83 0.83 0.8|
Ca 0.54 0.53 0.55 0.52 0.51 0.51 0.52 0.52 0.52|
Gross energy Kcal/ 100g° | 450.27 | 449.31 | 450.04 | 447.39 | 448.02 | 450.16 | 451.61 | 447.08 | 448.¢
P/E ratio (mg kcal)® 66.74 | 68.44 | 67.22 | 68.06 | 67.63 66.82 67.09 | 67.66 | 679
1. Each Kg vitamin premix contained Vitamin A, 4.8 million IU, D3, 0.8 million 1U; E, 4 |

g; K, 0.8 ¢g; B1, 0.4 g; Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid,
8 g; Folic acid, 0.4 g Biotin,20 mg

2. Each Kg mineral premix contained Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; |, 0.4 g,
Selenium, 0.4 g and Co, 4.8 mg.

3. Axtra® PHY, sourced from a Buttiauxella species bacterium and is expressed in a
Trichoderma reesei fungus (Danisco Animal Nutrition).

4. Nitrogen free extract =100-(CP +EE +Ash+ CF)

5. GE= gross energy was calculated as 5.65, 9.45 and 4.12 Kcal/100gram of protein, lipid
and carbohydrate, respectively after (NRC, 2011).

6. Protein/energy ratio (mg kcal™?)

Measurements of fish performance, feed utilization and survival rate
(%)

Fish growth performance and feed utilization parameters were calculated
as following equations:

1) Average weight gain (AWG, g / fish) = [final body weight-initial body
weight]
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2) Average daily gain, (ADG, g/ fish / day) = [AWG/time (days)]

3) Specific growth rate (SGR, % / day) = [In final weight - In initial weight]
% 100 /time (days)

4) Feed conversion ratio (FCR) = feed intake (g) /body weight gain (g)

5) Protein efficiency ratio (PER) = gain in weight (g)/ protein intake in feed
(9)

6) Protein productive value (PPVV% )= 100(protein gain in fish (g)
/protein intake in diet (g))

7) Survival rate (SR %) = 100 x (total number of fish survived/total number
of fish stocked).

Chemical composition of fish and diet

At the beginning and end of the experiment, 5 fish sample was taken
randomly from each experimental group to determine chemical analysis of
body composition. Experimental diets and fish carcass were conducted in
order to determine the percentages of dry matter (DM %), crude protein
(CP %), ether extract (EE %), crude fiber (CF %), and ash (Ash %)
according to the AOAC (2019) method. Nitrogen free extract (NFE %) was
calculated by differences, by deducting the sum of percentages of CP%,
EE%, CF % and ash% from 100. Gross energy (kcal/100g DM,GE)
contents of the experimental diets was calculated by using factors of 5.65,
9.45 and 4.12 kcal/100g of protein, lipid and carbohydrates, respectively
(NRC, 2011). Mineral was estimated by measuring phosphorus (P) and
calcium (Ca) in experimental diets and whole body. All chemical analyses
were carried in three replicates according to (AOAC, 2019).
Antibacterial Activity test:

Bacterial strains: Aeromonas hydrophila, Pseudomonas fluorescens,
Enterococcus faecalis, Vibrio alginolyticus and Proteus mirabilis were
used in this study; these bacteria were isolated from Nile tilapia fish and
identified phenotypically and genotypically according to (Quinn et al.,
2011). All tested strains were kindly obtained by Prof. Mohamed Enany,
professor of fish microbiology, bacteriology department, faculty of
veterinary medicine, SCU.

Assessment of antibacterial activity:

Powder samples of phytase and citric acid and 4 antibiotic (nalidixic acid
(30 pg), erythromycin (15 pg), amoxicillin (25ug) and cefadroxil (30ug))
were used because of its wide antibacterial spectrum and high potency, and
most commonly used antibiotic against various diseases caused by Gram-
negative and Gram-positive bacteria in fish farming) powder samples of
phytase and citric acid were suspended in sterile distilled water with a
powder/solvent ratio 1:1 (w/v) (Bonilla and Sobral, 2017). Each tested
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materials were mixed well by vortex, then putted in water bath at 40 C for
4 hours (modified) (Choi et al., 2016), then mixed well again by vortex
(modified) (Menezes-Blackburn et al., 2015; Nassan et al., 2015) and
the supernatant were collected. A prepared sterilized filter paper discs, 6
mm in diameter were thoroughly wet by immersing it in the obtained
supernatant of tested samples. After incubation of the plates for 18 hours at
37°C the degree of sensitivity was calculated by measuring the clear zones
of inhibition of growth produced by diffusion of the antibacterial agent
from the discs into the surrounding medium. The results were interpretated
according to (CLSI, 2014).
Economic Evaluation:
The cost of feed required to produce a unit of fish biomass was estimated
using economic evaluation (Samir et al., 2017). The estimation was based
on the local retail sale market price of all the dietary ingredients at
the time of the study. These prices (in LE/kg) were as follows: 25 L.E
for fish meal; 6.5 L.E for soybean meal; 3.0 L.E for wheat bran; 3.0 L.E for
Rice bran; 4.0 L.E for yellow corn; 20 L.E for sunflower oil; 30 L.E for
Vit. and Min. mixture; 400 L.E. for phytase and 150 L.E. for citric acid.
Feed cost of kg: Calculated from the price of feed ingredient and the cost
per kg gain (FCR x price of kg feed).
Reduction % of feed cost of Kg gain was calculated as a percentage from
the highest value.
Statistical analysis:
Two ways ANOVA according to Steel and Torrie (1981) was used to
compare between groups for each. Tukey test was used as a post hoc to
compare mean differences at significant level 0.05 or 0.01 (P value). A
Computer program software CoStat version 6.311 was used to analysis the
data of experiments.

Results and Discussion

Table 3 showed effect of supplementation different levels of phytase, citric
acid and their interaction on growth performance, feed utilization
parameters and survival rate of Nile tilapia (O. niloticus) fingerlings for 60
days. Data in the present study revealed that there was a significant
difference (P<0.05) within citric acid concentration (0, 30 and 60 g/kg).
The highest a significant difference (p<0.05) in final body weight, weight
gain, weight gain%, specific growth rate, FI, FCR, FER, PER and PPV
were recorded at fish fed D2 diet in comparison to the control and citric
acid diets. This is in agreement with other studies on different species
including L. rohita (Bano and Afzal, 2017), hybrid grouper (Anthonius et
al., 2018). This is may be due to lowered intestinal pH by citric acid, which
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catalyzes the phytate-nutrient complex solubility and nutrients absorption
from digestive tract resulting in improved growth performance of fish
(Cross et al., 1990). In contrast, Dai et al. (2018) who found that there were
no significant differences in specific growth rate, feed efficiency or feed
intake among all dietary groups in turbot. This is may be due to factors such
as species and physiological age of the experimental fish (Gislason et al.,
1994), type and level of organic acids (De Wet, 2005), diet composition
(Sarker et al., 2007) and culture conditions (Ramli et al., 2005).

Also, the results showed that there was a significant difference (p<0.05)
within phytase concentration (0, 1000 and 2000 FTU/Kg). The group of
fish fed on D4 had highest a significant difference (p<0.05) in growth
performance and feed utilization in comparison to the control and phytase
diets. This is in agreement with other studies on different species including
tilapia (Maas et al., 2018 and Abo Norag et al., 2018), L. rohita (Shah et
al., 2016 and Bano and Afzal, 2017) and Cirrhinus mrigala (Hussain et
al., 2017). The increased growth response may be due to increased
availability of nutrients and minerals by enzymatic breakdown of phytate-
nutrient complexes (Shah et al., 2016). In contrast, Hu et al. (2016) who
found that there were no significant differences in WG and feed utilization
between the experimental groups in tilapia. Yigit et al. (2018) reported that
the addition of phytase to diets including soybean meal does not affect
growth and FCR in rainbow trout. The differences between these studies
may be due to phytase enzyme which depends on a variety of dietary factors
such as the concentration and sources of phytate in the diet, concentration
and sources of protein in the diet, types of feed ingredients used, methods
used for feed drying, fish species, process of feed preparation, fish stomach
pH and age of fish (Dersjant-Li et al., 2015 and Yigit et al., 2018).

The interaction was a significant (p<0.05) between citric acid and phytase
on growth performance and feed utilization in comparison to the control
and diets of interaction phytase and citric acid. The result revealed that fish
fed D5 had the highest a significant different (p < 0.05) on growth
performance and feed utilization in comparison to the control and diets of
interaction phytase and citric acid. This is in agreement with other studies
on different species including L. rohita (Shah et al., 2016 and Bano and
Afzal, 2017). This is may be due to role of citric acid in lowering the

intestinal pH in the optimum conditions to the phytase, which led to
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Table 3. Effect of supplementation different levels of phytase, citric acid and their interaction on growth Performance,
feed utilization parameters and survival rate of Nile tilapia (O. niloticus) fingerlings for 60 days.

Items Experimental diets Analysis of Variance (P value)
D1 D2 D3 D3 D5 D6 D7 D8 D9 Phytase Citric acid
(Phy) (CA) PhyxCA
Initial weight 1270+ | 1269+ | 1239+ | 1238+ | 1250+ | 1276+ | 1245+ | 1217+ | 12.38+ 0.19 0.86 0.94
(g/fish) 0.28 0.01 0.28 0.12 0.20 0.09 0.30 0.26 0.39
Final weight 2281+ | 2809+ | 2298+ | 3073+ | 3349+ | 2381+ | 2379+ | 2580+ | 2312+ | 000 0.00%* 0.00%*
(g/fish) 0.40' 0.06° 0.01' 0.12° 0.31° 0.09° 0.12° 0.01¢ 0.42°"
Weight gain 1011+ | 1540+ | 1059+ | 1836+ | 2099+ | 1105+ | 1134+ | 1363+ | 1074+ | 0.00%* 0.00%* 0.00%
(g/fish) 0.129 0.05° 0.28% 0.00° 0.51° 0.01¢f 0.18° 0.25¢ 0.03
W. Gain % 7961+ | 12136+ | 8547+ | 14822+ | 16702+ | 8660+ | 91.08+ | 11200+ | 86.75+ | 0.00%* 0.00%* 0.0001%*
0.81° 0.34° 4.16% 1.46° 6.75° 0.72% 3.65¢ 4.39° 2.45%
Specific growth 098+ 132+ 103+ 152+ 164+ 104 + 1.08 125+ 104+ | 000%* 0.00%* 0.0001%*
rate (SGR 0.01° 0.01° 0.04% 0.01° 0.04° 0.01% 0.03¢ 0.03° 0.02%
%og/day)
Feed intake 2020+ | 2603+ | 2029+ | 3009+ | 3156+ | 21.88+ | 2063+ | 2355+ | 2044+ | 0.00%* 0.00%* 0.00%*
(g/fish) 0.18' 0.14° 0.05' 0.03 0.15° 0.08° 0.08' 0.33¢ 0.17'
Feed conversion | 2.00 + 1.69 + 192+ 164+ 150 + 198 + 182+ 173+ 190+ | 0.00%* 0.00%* 0.0048**
ratio (FCR) 0.01° 0.02% 0.06" 0.02¢ 0.03' 0.01% 0.02¢ 0.01¢ 0.02°
Feed efficiency 050t | 050+ 052+ 0.61% 0.67% 051+ 055+ 0.58+ 053+ 0.00%* 0.00%* 0.0049%*
ratio (FER) 001" | 0.01% 0.02¢f 0.01° 0.01° 0.02¢f 0.01¢ 0.01° 0.01°
Protein 167+ 192+ 173+ 200+ 219+ 1.68% 181+ 191+ 172+ | 000%* 0.00%* 0.0205*
efficiency ratio 0.01° 0.02¢ 0.05° 0.00° 0.04° 0.01° 0.02¢ 0.01° 0.02¢
(PER)
E:g(tfljgﬁve value | 3418% | 4037+ | 3312x | 3844+ | 4500: | 3096x | 4513r | 3679x | 3146z | OO 0.00 0.00
0.18¢ 0.14° 0.05¢ 0.03 0.15° 0.08° 0.08* 0.33° 0.17°
(PPV)
(SS‘JF'?’C,%‘)"" rate 90+0.02 | 96+003 | 93001 | 96+0.02 | 97+0.04 | 93001 | 93£001 | 92£002 | 92+0.04 | 0.5 0.30 0.77

*Significant p-value <0.05, **highly significant p-value <0.01, using ANOVA test.
Different letters at the same raw mean significant different
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positive interaction among both supplements (Shah et al., 2016). In
contrast, Hussain et al. (2015) who found that Cirrhinus mrigala fingerlings
fed on diet having phytase 500 FTU kg* combined with 5% citric acid enhance
nutrient digestibility, growth rate. This is may be due to different fish species
and experimental conditions.

There was no significant difference in survival rate (P>0.05) between
phytase and citric acid either supplemented individually or mutually. This
is in agreement with other studies on different species including tilapia
(Rachmawati et al., 2018) and hybrid grouper (Anthonius et al., 2018).
Whole body chemical composition

Table 4 showed effect of supplementation different levels of phytase, citric
acid and their interaction on whole body composition (dry matter basis %) of
Nile tilapia (O.niloticus) fingerlings for 60 days. Differences in the body
compositions of fish may be due to age, size, water quality, season,
geographic region, etc. (Sener et al., 2005); however, the main influential
factors are diet quantity and quality (Bell et al., 2001). There was a
significant difference (p<0.05) within citric acid concentration (0, 30 and
60 g citric acid /kg). Fish fed D2 diet showed the highest crude protein and
ash body contents, while exhibited the lowest lipid content in comparison
to citric acid diets. Also, It was observed that there were no significant
differences (P>0.05) in body moisture content. This is in agreement with
other studies on different species including L. rohita (Shah et al., 2016)
who reportd that citric acid supplementation improved all body
composition and minerals but different with this study in moisture, and
hybrid grouper (Anthonius et al., 2018) who reportd that citric acid
supplementation affected on body composition. In contrast, Zhu et al.
(2015) who reportd that citric acid supplementation did not significantly
affect body composition and mineral content of yellow catfish. Dai et al.
(2018) who reported that turbot fed different diets showed similar whole-
body proximate composition. This is may be due to fish species and
experimental conditions.

There was a significant difference (p<0.05) within phytase concentration
(0, 1000 and 2000 FTU/kg). Additionally, contents of body CP, ash, P and
Caincreased, while total lipids decreased significantly as dietary D4. It was
observed that there were no significant differences (P>0.05) in body
moisture content. This is in agreement with other studies on different
species including: Nile tilapia (Nwanna and Olusola, 2014) who reported
that there were signifcant diference in minerals composition P and Ca,
shrimp (Qiu and Davis, 2017) found that a significant differences in CP
and P but no significant in moisture of whole body.
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Table 4. Effect of supplementation different levels of phytase, citric acid and their interaction on whole body
composition (% dry matter basis) of Nile tilapia (O.niloticus) fingerlings for 60 days.

Items At the At the end Analysis of Variance P value
start D1 D2 D3 D4 D5 D6 D7 D8 D9 | Phytase | Citric
(Phy) acid Phyx
Moisture 7493+ | 7307+ | 7345 | 7417+ | 7522+ | 7457 | 7114 | 7023 | 7449 | 7493 | 0.20 0.32 0.21
(%) 0.11 012 | £007 | 0.01 004 | 003 | +0.2 | +0.05 | +0.01 | +0.02
Crude ec47 | 5930 | 6295 [ 6005+ [ 6445+ | 66.35 | 60.58 | 60.60 | 61.80 | 60.30 | 0.00%* | 000%* | 0.00%*
protein (%) +0.05 0.47% | £0.15° | 0.05¢ 0.35° * * * * +
=Y 0.45* | 0.10° | 0.30° | 0.20¢ | 0.20¢
Lipid (%) n73 | 1837+ | 1003 [ 1739+ [ 837+ | 610+ | 1458 | 1470 | 1253 | 1507
Y000 | 027 | £028%| 026° | 035° | 0.21f + + | +033| & 0.00%* | 0.00%* | 0.00%*
=Y 0.09% | 0.79 0.23
Ash o180 | 2233% 2612 | 2256+ | 2719+ | 2755 | 2484 | 2470 | 2567 | 2463 | 000%% | 0.00** | 00014
toos | 0197 | £0a3 017 |o70r | x + - + + ok
=Y 0.36* | 0.13° | 0.49° | 0.04% | 0.03°
5 158+ | 134+ |348% | 138+ | 358+ | 396+ | 265+ | 271+ [ 315+ | 183% | (e | qogme | go0ne
0.07 006" | 003° | 003 | 002° | 003 | 0.02¢ | 0.02¢ | 0.02¢ | 0.03 | ° ' '
051+ | 015+ | 1.04+ | 021+ | 125+ | 1.38% | 046+ | 059+ | 0.82% | 0.36 % . . .
Ca 003 | 0020 | 002 | 007 | 007 | 002 | 002 | 002 | 002¢ | 002t | 2% 0.00* 1 0.00

*Significant p-value <0.05, **highly significant p-value <0.01, using ANOVA test.
Different letters at the same raw mean significant different
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Also, Shah et al. (2016) who reportd that phytase supplementation
improved body composition and minerals but different with this study in
moisture in Labeo rohita. In contrast, Abo Norag et al. (2018) revealed that
diets supplemented with phytase had no a significant effect on body
moisture, CP, lipid, ash, Ca and P contents of Nile tilapia, (Maas et al.,
2018) revealed that Nile tilapia fed on phytase supplementation had
significant difference in ash, lipid, P and Ca contents but difference with
this study in moisture and CP contents (Zhu et al., 2015) who reportd that
phytase did not significantly affect body composition of yellow catfish but
agreement with this study in mineral content as had significant.

There was a significant difference (p<0.05) in interaction between
phytase and citric acid. Crude protein, ash, P and Ca of fish bodies
increased and total lipid was decreased significantly (p<0.05) in fish fed
dietary D5 in comparison to diets of interaction phytase and citric acid. It
was observed that there were no significant differences (P>0.05) in body
moisture content. This is in agreement with other studies on different
species including L. rohita (Shah et al., 2016) who reportd that phytase
and citric acid supplementation improved body composition and minerals
but different with this study in moisture of whole body composition. The
improvement in nutrient, P and Ca in the fish body may be due to phytase
and citric acid which can hydrolysis phytate by lowered pH and breakdown
phytate complex.

Antibacterial activity test

Table 5 showed that there were different diameters of inhibition zone (mm)
as antibacterial activity against different isolated bacteria from fish.
Phytase alone was detected antibacterial activity against Pseudomonas
fluorescens. It was recorded that mild inhibition zone diameter against
Pseudomonas fluorescens only. In agreement, Abo Norag et al. (2018)
who concluded that phytase supplementation up to 1000 units/kg diet
significantly (p<0.05) improved the immune response and increased the
survival rate of Nile tilapia fish after being challenged with A. hydrophila.

Citric acid was detected as the highest diameter of inhibition zone against
tested bacteria compared to the rest treatments. The highest diameter of
inhibition zone against Pseudomonas fluorescens then Enterococcus
faecalis followed by Vibrio alginolyticus, Aeromonas hydrophila and
Protus mirabilis. Studies were conducted to investigate the role of organic
acids as antimicrobial effect on tilapia pathogen (Abu Elala and Ragaa,
2015 and Koh et al., 2016) and shrimp (He et al., 2017). In contrast, (Lim
et al., 2010) showed no antibacterial effect on nile tilapia.
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Then interaction between citric acid and phytase had effect on antibacterial
activity. It recorded diameter of inhibition zone against tested bacteria. The
highest diameter of inhibition zone against Enterococcus faecalis then
Aeromonas hydrophila followed by Pseudomonas fluorescens, Vibrio
alginolyticus and Proteus mirabilis. This may be due different feed
additives, concentration or environmental conditions.

The results revealed that all tested antibiotics (Amoxicillin, Erythromycin
and Cefadroxil) were detected resistance against Aeromonas hydrophila,
Pseudomonas fluorescens, Vibrio alginolyticus, Proteus mirabilis and
Enterococcus faecalis. While Nalidixic acid had antibacterial sensitivity to
all tested bacteria but resistance against Proteus mirabilis.

Table 5. Results of diameters inhibition zone (mm) of antibacterial
activity against different isolated bacteria from fish.

ltem Aeromonas Pseudomonas _Vibriq P_roteg; Entercoqcus
hydrophila | fluorescens | alginolyticus | mirabilis faecalis
Phytase R 0.8 R R R
Citric acid 2.8 3.2 2.9 24 3
aigg%;‘f;‘:e 15 1.4 1.4 0.8 1.9
Nalidixic acid 1.3 14 1.9 R 2.4
Amoxicillin R
Erythromycin R
Cefadroxil R

R, Resistance

Economic Evaluation

Table 6 showed that economic evaluation of experimental diets used in the study.
Feed cost to produce one kg fish gain was reduced by inclusion of citric
acid and phytase in single form. The reduction when fish fed D2 was
61.56%. The reduction when fish fed D7 was 41.35% but it was found that
D4 was the best in term of growth. Feed cost to produce one kg fish gain
was reduced by combination of CA and Phy. This reduction when fish fed
D9 was 96.21% while, it was found that D5 (1000 FTU/Kg phytase+ 30g
citric acid) was the best in term of growth performance. The costs of
treatment from infections will decrease as this combination gave a healthy
environment free from pathogenic bacteria.

Table 6. Economic Evaluation of experimental diets used in the study.
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ltems Experimental diets

D1 D2 D3 D4 D5 D6 D7 D8 D9
Total 6.75 | 11.13 | 1551 | 6.79 | 11.47 | 1555 | 6.83 | 11.21 | 15.59
FCR 200 | 169 | 192 | 164 1.50 198 | 1.82 | 1.73 | 1.90
Feed
cost/kg 13.50 | 18.81 | 29.78 | 11.14 | 16.76 | 30.79 | 12.43 | 19.39 | 29.62
gain P.T
Reduction
costinkg | 43.85 | 61.09 | 96.78 | 36.18 | 54.43 | 100.00 | 40.37 | 62.97 | 96.20
gain (%)

Conclusion

From the above mentioned, it can be concluded that; Phytase and citric acid
positively affected the growth performance, feed utilization, whole body
compassion and antibacterial activity against in Nile tilapia (O. niloticus)
fingerlings. Moreover, both the supplements interacted significantly with
each other for these parameters and that the fish fed on diet No. 5,
containing 1000 FTU phytase / Kg with 30 g citric acid/ kg, gave the best
results.
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