
Egyptian Journal of Aquatic Research (2013) 39, 205–213
National Institute of Oceanography and Fisheries

Egyptian Journal of Aquatic Research

http://ees.elsevier.com/ejar
www.sciencedirect.com
FULL LENGTH ARTICLE
Influences of calcium/phosphorus ratio on supplemental

microbial phytase efficiency for Nile tilapia

(Oreochromis niloticus)
M.S. Hassaan
a,*, M.A. Soltan

b
, H.M. Agouz

c
, A.M. Badr

d

a Fish Nutrition Research Laboratory, National Institute of Oceanography and Fisheries (NIOF), Cairo, Egypt
b Animal Production Department, Faculty of Agriculture, Benha University, Egypt
c Central Laboratory for Aquaculture Research, Abbassa, Abou-Hammad, Sharkia, Egypt
d Regional Center for Food and Feed Ministry of Agriculture, Cairo, Egypt

Available online 19 October 2013
*

E

sa

Pe

an

16

ht
KEYWORDS

Ca/P ratio;

Calcium-propionate;

Phytase;

Oreochromis niloticus
Corresponding author. Tel.

-mail address: Mohamed_s

an).

er review under responsibility

d Fisheries.

Production an

87-4285 ª 2013 Production

tp://dx.doi.org/10.1016/j.ejar
: +20 19

haban200

of Natio

d hostin

and hosti

.2013.09.0
Abstract A 3 · 3 factorial feeding trial was conducted to evaluate the effects of microbial phytase

(MP) supplementation fed with Ca/P ratio on growth, digestibility, vertebral mineralization and

some blood parameters in Nile tilapia Oreochromis niloticus. Three levels of phytase (0, 500 and

1000 U kg�1 diet) were combined with three Ca/P ratios (0.3:1, 0.6:1 and 0.9:1), respectively. The

Ca/P ratios were achieved by supplementing calcium propionate at (0, 5 and 10 g kg�1 diet). After

a 84-day feeding trial, tilapia fish fed 500 and 1000 U kg�1 diet at Ca/P ratio (0.6:1) had significantly

higher growth rate, feed intake (FI) crud protein, vertebrae ash and phosphorus than other groups.

Interaction between Ca/P and MP are significantly (p< 0.001) affected by all parameters of digest-

ibility and blood parameters. The highest apparent digestibility recorded by fish fed diet supple-

mented with 1000 U kg�1 with 0.6:1 Ca/P ratio. The highest triglyceride was found in fish fed

MP 500 or 1000 U kg�1 and combined with 0.6:1 Ca/P ratio, while, fish fed MP 500 U kg�1 with

Ca/P 0.6:1 showed the highest value of cholesterol and serum. No significant differences were found

in serum aspartate aminotransferase (AST) and alanine aminotransferase ALT of fish fed experi-

mental diet.
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Introduction

As with terrestrial vertebrates, calcium (Ca) is essential for

normal growth and physiological function of aquatic species
such as muscle function and nerve transmission in aquatic spe-
cies (Lovell, 1989; NRC, 1993). Calcium is abundant in water

and it is generally accepted that fish can absorb Ca from the
surrounding water to fulfill part or all of the metabolic Ca
requirement (Love, 1980).
ational Institute of Oceanography and Fisheries.
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Requirement of dietary Ca has only been studied for a few
species, and the results vary depending on species and concentra-
tion ofCa in thewater.DietaryCa requirement in channel catfish

and tilapia reared in Ca-free water has been estimated to be 4.5
and 7 g kg�1, respectively (Robinson et al., 1986, 1987). In addi-
tion, (Shiau and Tseng, 2007) reported that for better growth,

bone and scale Ca concentration of juvenile tilapia reared in
water containing 27.1–33.3 mg Ca L�1 needed adequate dietary
Ca supplement of 3.5, 4.3 and 4.2 g kg�1, respectively.

Otherwise Ca and the importance of P supplementation in
diet have widely been reported in many species including fresh
water species such as common carp (Kim et al., 1998), rainbow
trout (Ogino et al., 1979). Several studies suggest that the ratio

of Ca to other minerals, particularly P should be considered,
because an excess of Ca relative to P has been shown to ad-
versely affect the growth and survival of some species such

as Penaeus vannamei (Davis et al., 1993) and grouper (Ye
et al., 2006). In diet, it is necessary to take into account the
Ca/P ratio, because it has important consequences for bone

development. However, when this ratio increases harmful ef-
fects can appear. Also, several aberrations in bone mineral
homeostasis and bone metabolism are associated with higher

Ca/P ratio (Kumar et al., 2011). The recommended levels of
Ca/P ratio for fish are in range of 1:1 to 1:1.7 (Sanchez
et al., 2000; Ye et al., 2006).

Phytase is an enzyme chemically known as myoinositol

hexaphosphate phosphohydrolase and belongs to Class 3:
hydrolases, that may be produced either by microorganisms
or may be present in some plant ingredients. It is very specific

to hydrolyze the indigestible phytate that is present in plant
protein sources. Supplementation of phytase in fish feeds has
been generally reported to improve the bioavailability and uti-

lization of plant phosphorus (P) by fish (Cao et al., 2007).
Efficacy of microbial phytase is governed directly or indi-

rectly by numerous interactive factors. These may include die-

tary substrate levels, fish species, the inclusion rate and source
of phytase (Cao et al., 2007; Liebert and Portz, 2005). How-
ever, dietary Ca levels and Ca/P ratios are also crucial to phy-
tase efficacy. Angel et al. (2002) reviewed that dietary level of

Ca (and Ca/P ratios) is crucial to phytase efficacy in poultry.
Additionally, increasing Ca/P ratio depressed Escherichia coli
derived phytase action in the pig diet and thus significantly de-

pressed weight gain and feed efficiency (Adeola et al., 2006).
As the Ca to P ratio increases, microbial phytase activity de-
creases (Qian et al., 1996; Tamin et al., 2004). Moreover,

Cao et al. (2007) recommended Ca/P ratios in fish meal in
the range of 1.1–1.4:1 at which phytase executes high effi-
ciency. In case of fish, there has been a lack of information
relating to dietary Ca/P ratio affecting the ability of supple-

mentary phytase to affect nutrient
Therefore the objective of the current study was to charac-

terize the influence of phytase, Ca/P ratio and their interactions

on growth, nutrient digestibility and some blood parameters of
Oreochromis niloticus fed a plant protein–based diet.
Material and methods

Experimental design and diets

Diets were formulated to meet all of the known requirements of
O. niloticus. A 3 · 3 factorial experiment was designed to study
the effects of dietary microbial phytase (MP), Ca/P and their
interactions on growth performance, nutrient digestibility and
blood chemistry. The Ca/P ratios were achieved by supplement-

ing calcium at three different levels of (0.3:1, 0.6:1 and 0.9:1)
using calcium propionate from the Pharmaceutical Company
Adoia Cairo Egypt. Ca-propionate was supplemented at 0,

0.5, and 1 g kg�1 dry diet as a source of Ca/P ratio. The basal
diet was formulated using plant-based ingredient to contain
approximately 17.89 MJ kg�1 diet and 30% crud protein

kg�1 diet (Table 1). MP (Natuphos 7500 U g�1) derived from
Aspergillus niger was supplied by the Regional Center for Food
and Feed Ministry of Agriculture Cairo, Egypt. Diets were pre-
pared by blending all the ingredients except the vitamins and

minerals mixture in a plastic bowl. Calcium propionate and
oil was added to the mixed ingredients, chromic oxide (0.5%)
was added in all the tested diets to determine the apparent

digestibility coefficient and absorption of minerals. Pellets were
prepared by using a laboratory pellet mill (2-mm die) in Na-
tional Institute of Oceanography and Fisheries, Cairo Gover-

norate, Egypt (CPM, California Pellet Mill Co., San
Francisco, CA, USA). Required amount of MP was dissolved
in 50 mL of distilled water and sprayed over 1 kg of the finished

diet as described by Robinson et al. (2002). Similar amount of
distilled water (50 mL) was sprayed to the control diet to main-
tain an equal level of moisture. The diets were kept at 4 �C until
use. Test diets were then prepared by spraying graded levels of

phytase to plant protein based diet at 0, 500 and 1000 U kg�1

diet. One unit of phytase activity (U) is defined as the enzyme
activity that liberates 1 lmol of inorganic orthophosphate

min�1 at pH 5.5 (37 �C) at a substrate concentration (sodium
phosphate) of 5.1 lmol L�1 (Engelen et al., 1994).
Fish source and management

Fishes were obtained from the Abbassa hatchery, Abbassa vil-
lage, Abu-Hammad district, Sherkia Governorate, Egypt. Fish

were stocked in fiberglass tanks for two weeks before the start
the experiment for acclimation where all fish were fed daily on
the basal diet containing 30% crude protein at a rate of
approximately 3% of their average body weight to be adapted

to pelleted feeds according to Hassan et al. (2013). After the
acclimatization the experimental fish were distributed ran-
domly into the experimental plastic tanks (150 L for each) rep-

resenting the nine treatments studied (triplicate for each
treatment). A set of 675 fish of O. niloticus L. mono-sex males
fingerlings average initial weight of (2.67 ± 0.02 g). Twenty-

five of fish were randomly stocked into each tank with three
replications per treatment. About one-third of water volume
in each tank was daily replaced by aerated fresh water after
cleaning and removing the accumulated excreta. All tanks were

supplied with compressed air for oxygen requirements.
The water temperature and dissolved oxygen were measured

every day using a YSI model 58 oxygen meter (Yellow Spring,

OH, USA) total ammonia and nitrite were measured twice
weekly using a DREL, 2000 spectrophotometer (Hash Com-
pany, Loveland, CO, USA). Total alkalinity and chloride were

monitored twice weekly using the titration methods; pH meter
(pH pen; Fisher Scientific, Cincinnati, OH, USA). During the
84 days feeding trail, the water quality parameters averaged

(±SD): water temperature 27.8 ± 0.8 �C: dissolved oxygen,
5.9 ± 0.7 mg L�1: total ammonia, 0.20 ± 0.12 mg L�1 nitrite,



Table 1 Composition and proximate analysis of the experimental diets.

Ingredient (%) Experimental diet

Ca/P ratio

0.3:1 0.6:1 0.9:1 0.3:1 0.6:1 0.9:1 0.3:1 0.6:1 0.9:1

Fish meal 5 5 5 5 5 5 5 5 5

Soy meal 35 35 35 35 35 35 35 35 35

Corn gluten 5 5 5 5 5 5 5 5 5

Yellow corn 19 19 19 19 19 19 19 19 19

Wheat bran 9.5 9 8.5 9.5 9 8.50 9.5 9 8.5

DDGs 20 20 20 20 20 20 20 20 20

Soya oil 4 4 4 4 4 4 4 4 4

Vit. and Mina 2 2 2 2 2 2 2 2 2

Calcium-Pb 0 0.5 1 0 0.5 1 0 0.5 1

Chromic oxide 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sum 100 100 100 100 100 100 100 100 100

Chemical analysis (determined on dry matter basis)

Dry matter 90.23 89.73 89.29 90.01 89.69 89.24 89.93 89.48 89.04

Crude protein 30.18 30.13 30.05 30.47 30.48 30.39 30.25 30.18 30.11

Ether extract 7.57 7.56 7.54 7.56 7.55 7.53 7.58 7.56 7.54

NFEc 57.99 57.32 57.85 57.62 57.78 57.89 57.22 57.37 57.46

Ash 4.63 4.87 5.09 4.64 4.87 5.08 4.65 4.87 5.05

GE(MJ kg�1 diet) d 18.05 17.91 17.78 18.02 17.91 17.79 17.99 17.86 17.74

Total P (%) 1.180 1.130 1.139 1.162 1.171 1.161 1.153 1.720 1.620

Total available P (%) 0.381 0.382 0.384 0.380 0.381 0.383 0.381 0.380 0.384

a Vitamin and mineral mix (per kg of diet): MnSO4, 40 mg; MgO, 10 mg; K2SO4, 40 mg; ZnCO3, 60 mg; KI, 0.4 mg; CuSO4, 12 mg; Ferric

citrate, 250 mg; Na2SeO3, 0.24 mg; Co, 0.2 mg; retinol, 40000 IU; cholecalciferol, 4000 IU; a-tocopherolacetate, 400 mg; menadione, 12 mg;

thiamine, 30 mg; riboflavin, 40 mg; pyridoxine, 30 mg; cyanocobalamin, 80 mcg; nicotinic acid, 300 mg; folic acid, 10 mg; biotin, 3 mg;

pantothenic acid, 100 mg; inositol, 500 mg; ascorbic acid, 500 mg.
b Calcium-P = Calcium propionate (MW= 186.22).
c NFE nitrogen free extract = 100-(CP + EE+ ash).
d Calculated using gross calorific values of 23.63, 39.52 and 17.15 KJ g�1 for protein, fat and carbohydrate, respectively according to Brett

(1973).
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0.08 ± 0.03 mg L�1: total alkalinity, 169 ± 42 mg L�1: chlo-
rides, 565 ± 152 mg L�1: pH 8.6 ± 0.3, all tested water quality

criteria (temperature, pH value DO) were suitable and within
the acceptable limits for rearing Nile tilapia O. niloticus finger-
lings and agree with (El-Greirsy and El-Gamal, 2012). A pho-

toperiod of 12-h light, 12-h dark (08:00–20:00 h) was used.
Fluorescent ceiling lights supplied the illumination. During
the 84-days experimental period, all fish were fed the experi-

mental diets during 6 day week�1. Fish were hand-fed with
the respective diet to apparent satiation two times daily for
84 days. Thirty minutes after the feeding, uneaten feed were re-
moved by siphoning, and then dried and weighted. Feed intake

was the difference between them and expressed as the total feed
intake in 84 days per fish. At the termination of the trail a sam-
ple of five fish randomly sampled from each tank. Fish samples

were pooled, ground, stored in polyethylene bags and frozen
for until the chemical analysis. Body moisture, crude protein,
lipid and ash contents were determined according to AOAC

methods (AOAC, 1995).
Growth performance and feed utilization parameters

Growth performance and feed utilization were measured in
terms of final body weight (g), weight gain (WG), specific
growth rate (SGR, % day�1) feed conversion ratio (FCR),
Protein efficiency ratio (PER) and feed intake. Growth re-
sponse parameters were calculated as follows:

Weight gainðWGÞ ¼ final body weightðgÞ
� initial body weightðgÞ

Specific growth rateðSGRÞ ¼ 100� ððLnðW2Þ � LnðW1ÞÞ=TÞ

where: Ln = the natural log; W1 = initial body weight;

W2 = final body weight and T = period of study (84 day).

Feed conversion ratioðFCRÞ ¼ Feed intakeðFIÞðgÞ=WGðgÞ

Protein efficiency ratioðPERÞ ¼WGðgÞ=Protein intakeðgÞ

PPV% ¼ ðprotein gainðgÞ=protein intakeðgÞÞ � 100;

FR% ¼ ðfat gainðgÞ=fat intakeðgÞÞ � 100:

ER% ¼ ðenergy gainðkJÞ=energy intakeðkJÞÞ � 100:

To determine bone ash and phosphorus, previously frozen
fish were boiled for about 10 min in water until the flesh and

bone were easily separated. Soft tissues were carefully removed
from the vertebrae. Isolated vertebrae were rinsed with dis-
tilled water and dried in an oven at 105 �C for 24 h. After dry-
ing, samples were ground with a mortar and pestle and then

defatted with solvent (chloroform: methanol 1:1), dried and
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ashed in a muffle furnace (Vielma et al., 1998). The ash was
weighed and subsequently analyzed for phosphorus by molyb-
dovanadate method (AOAC, 1995). Phosphorus in the diet,

initial and final whole-body, and feces were analyzed by the
same method. Calcium in diet was analyzed by Atomic
Absorption Spectrophotometer (AAS; Hitachi Z-2300, Tokyo,

Japan)

Apparent nutrient digestibility

After two-month feeding of experimental diets, feces were col-
lected from each aquarium once daily every morning prior to
feeding for a one-month period. The feces were collected on

a filter paper for drying as described by El-Saidy and Gaber
(2002). The chemical analyses were conducted according to
AOAC (1995). Chromic oxide was determined according to
the procedure described by (Furukawa and Tsukahara,

1966). Apparent nutrient digestibility was calculated using
equations of Schneider et al. (2004) as follows:

ADCdietarynutrient ¼ 1� ðmarkerdiet=markerfacesÞ
� ðnutrientfaces=nutrientdietÞ:
Blood samples and hematological parameters analysis

Blood samples were collected at the end of the experiment. The

fish were anesthetized with t-amyl alcohol then the blood sam-
ples were taken by puncturing the caudal vessels. Serum was
obtained by centrifugation of the blood samples at 3,000g

for 10 min and stored at �20 �C for further analysis. Aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
were measured according to the method described by Reitman

and Frankel (1957). Serum cholesterol and triglycerides were
measured using standard Kits (Modern Laboratory Kits)

Statistical analysis

Data were analyzed using a two-way ANOVA with MP levels
and Ca/P ratio. Statistical significance was set at the 5% prob-
ability level and means were separated using Duncan’s new

multiple range test. Data were statistically analyzes by using
the software SAS, version 6.03 (Statistical Analysis System,
1993). All data are expressed as mean ± SE.

Results

Growth performance

During the whole growth trial, No mortality occurred over the

84 days. At the end of experiment, the highest FBW, WG,
SGR, FI and the best FCR were recorded by fish fed 500 or
1000 U kg�1 diet with 0.6: 1 Ca/P ratio, while, fish fed diet

not containing MP with 0.3:1 Ca/P ratio recorded the lowest
parameters of growth performance and feed utilization
(Table 2).

Regardless of the effect of Ca/P ratio, results of Table 2

indicated that FBW, WG and SGR of fish fed diet supple-
mented with 500 or 1000 U kg�1, while PER, PPV, FR and
ER recorded the highest values for fish fed diet supplemented

with 1000 U kg�1 diet and the same diet showed the best FCR.
Concerning the effects of Ca/P ratio, results in Table 2 re-
vealed that fish fed diet with 0.6:1 Ca/P ratio released the high-
est in FBW, WG, SGR, FI, best FCR, PER and PPV and ER

compared with 0.3:1 and 0.9:1 Ca/P in diet and the differences
were significant (p < 0.05).

Chemical composition in whole body of fish and vertebra

Chemical compositions of whole fish and vertebrae are shown
in Table 3. The dietary MP and different Ca/P ratio and their

interaction had significantly (p < 0.05) effect on the chemical
composition values of whole fish and vertebrae.

The highest crude protein, vertebrae ash, and vertebrae

phosphorus were found in fish fed diet supplemented with
1000 U kg�1 MP and combined with 0.6:1 Ca/P ratio, while,
fish fed diet supplemented with 500 U kg�1 MP with the high
ratio of Ca/P 0.9:1 and diet supplemented with 1000 U kg�1

MP with 0.60:1 or 0.90: 1 Ca/P ratio showed the highest value
of ash. Also, high level of MP supplemented in diet with a high
level of Ca/P ratio showed a higher lipid content than other

diets.
Irrespective of Ca/P ratio, diet supplemented with

1000 U kg�1 recorded higher crude protein and vertebrae phos-

phorus and ash than the un-supplemented diet, while, the high-
er lipid content was found in fish fed diet supplemented with
500 U kg�1 MP. With regard to Ca/P ratio, fish fed diet with
0.6:1 Ca/P ratio showed the highest crude protein than other

diets. Whereas, the highest value of vertebrae ash was recorded
by diet with 0.9:1 Ca/P ratio. But, both ratios of Ca/P (0.6:1
and 0.9:1) showed the highest vertebrae phosphorus.

Apparent digestibility coefficient

Apparent digestibility coefficient for the experimental diets is

presented in Table 4. Dietary Ca/P and MP phytase were sig-
nificantly (p < 0.001) affected the digestibility of protein, fat,
carbohydrate and energy. Interaction between Ca/P and MP

significantly (p < 0.001) affected all parameters of digestibil-
ity. The highest apparent digestibility was recorded by fish
fed on diet supplemented with 1000 U kg�1 with 0.6:1 Ca/P ra-
tio. Supplement 1000 U kg�1 MP in diet significantly improved

protein, lipid, carbohydrate and energy digestibility with re-
spect to Ca/P. Regardless the effect of phytase, protein, fat,
carbohydrate and energy the digestibility seemed to increase

with increase of dietary 0.6:1 Ca/P ratio.

Blood parameters

Level of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), phosphorus, triglyceride, cholesterol and
phosphorus in the serum of Nile tilapia is presented in Table 5.

The highest triglyceride was found in fish fed diet supple-
mented with 500 or 1000 U kg�1 MP and combined with
0.6:1 Ca/P ratio, while, fish fed diet supplemented with
500 U kg�1 MP with the medium ratio of Ca/P 0.6:1 showed

the highest value of cholesterol and serum plasma. No signifi-
cant differences were found in serum AST and ALT of fish fed
on experimental diet. With regard to the effect of MP, phos-

phorus, triglyceride, cholesterol and phosphorus were higher
in serum of O. niloticus fed diet supplemented with
1000 U kg�1 MP compared with other diets. With respect to



Table 2 Growth performance and feed utilization in O. niloticus after 84 days of feeding phytase supplemented with different Ca/P

ratio.

Items Growth performance and feed utilization

IBW FBW WG SGR FI FCR PER PPV FR ER

Effect of MPU Kg�1

0 2.61 15.79b 13.18b 2.00c 26.23c 2.03a 1.67c 30.74c 45.62c 32.05c

500 2.64 17.41a 14.77a 2.10a 28.08a 1.91b 1.75b 32.72b 47.14b 33.39b

1000 2.61 17.48a 14.87a 2.11a 26.90b 1.81c 1.84a 34.45a 48.55a 35.16a

Pooled SE 0.012 0.204 0.078 0.004 0.034 0.011 0.061 0.062 0.336 0.113

Effect of Ca:p ratio

0.3:1 2.62 16.26b 13.63c 2.02c 26.70c 1.97a 1.70c 31.51c 46.44b 32.74c

0.6:1 2.62 17.64a 15.02a 2.11a 27.63a 1.85c 1.81a 33.78a 46.79b 34.40a

0.9:1 2.61 16.78b 14.17b 2.07b 26.88b 1.90b 1.76b 32.61b 48.08a 33.46b

Pooled SE 0.012 0.204 0.078. 0.004 0.034 0.011 0.061 0.062 0.336 0.113

Interactions

0 · 0.3:1 2.59 14.27d 11.68e 1.90e 25.28f 2.17a 1.54e 28.37h 44.36e 30.52g

0 · 0.6:1 2.62 15.85c 13.23d 2.00d 26.56d 2.01b 1.66d 29.49g 44.25e 31.15f

0 · 0.9:1 2.60 17.24b 14.64b 2.10b 26.85c 1.83cd 1.82bc 34.33c 48.42abc 34.47c

500 · 0.3:1 2.65 17.12b 14.47b 2.07c 28.28a 1.96b 1.70d 31.89e 46.05de 32.53e

500 · 0.6:1 2.62 18.49a 15.85a 2.17a 28.21a 1.78e 1.87a 35.45b 48.73ab 35.47b

500 · 0.9:1 2.64 16.65bc 14.01c 2.05c 27.75b 1.98b 1.68d 30.82f 46.65cd 32.19e

1000 · 0.3:1 2.63 17.39b 14.60b 2.10b 26.55d 1.79d 1.85ab 34.27c 48.90ab 35.18b

1000 · 0.6:1 2.61 18.60a 15.99a 2.18a 28.12a 1.76e 1.90a 36.40a 47.39bcd 36.59a

1000 · 0.9:1 2.60 16.46bc 13.86c 2.05c 26.03e 1.88e 1.77c 32.68d 49.34a 33.72d

Pooled SE 0.021 0.376 0.135 0.008 0.059 0.019 0.015 0.108 0.582 0.196

Values (±SE, n= 3). Means within the same column sharing the same superscript are insignificantly different (p 6 0.05).

Table 3 Chemical composition in O. niloticus after 84 days of feeding phytase supplemented with different Ca/P ratio.

Items Chemical composition of whole body fish (%) Vertabra

Ash PDM CP EE Ash

Effect of MPU Kg�1

0 36.61 52.90b 21.70b 13.36 41.32c 10.12b

500 36.40 53.56a 23.29a 13.47 45.62b 11.06a

1000 36.48 53.89a 23.72b 13.60 46.54a 11.17a

Pooled SE 0.243 0.156 0.200 0.106 0.095 0.085

Effect of Ca:p ratio

0.3:1 36.34 53.33b 22.73 12.51c 42.92c 10.45b

0.6:1 36.77 53.93a 22.97 13.68b 45.10b 10.83a

0.9:1 36.31 53.08b 23.02 14.23a 45.47a 11.055a

Pooled SE 0.243 0.156 0.200 0.106 0.095 0.085

Interactions

0 · 0.3:1 36.30 52.550d 20.46a 12.50d 37.30e 9.46e

0 · 0.6:1 36.77 51.42d 19.17bcd 13.27c 41.80d 10.23d

0 · 0.9:1 36.78 53.71bc 19.73ab 14.30a 44.87c 10.67cd

500 · 0.3:1 36.31 53.90b 19.44abc 12.37d 45.37c 10.90bc

500 · 0.6:1 37.00 54.24b 18.53cd 13.70bc 46.17b 11.33ab

500 · 0.9:1 35.90 52.53d 19.80ab 14.33a 45.33c 10.93bc

1000 · 0.3:1 36.43 35.61bc 19.20bcd 12.67d 46.10b 11.00bc

1000 · 0.6:1 36.53 55.07a 18.10d 14.07a 47.33a 11.60a

1000 · 0.9:1 36.27 53.01d 20.13a 14.06a 46.20b 10.90b

Pooled SE 0.421 0.271 0.341 0.183 0.165 0.148

Values (±SE, n= 3). Means within same column sharing the same superscript are insignificantly different (p 6 0.05).
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the effect of Ca/P ratio triglyceride was higher in fish fed plant
protein diet with 0.6:1 Ca/P ratio than other diets. But, serum

phosphorus was increased in fish fed plant protein diet with
0.6:1 and 0.9:1 Ca/P ratio While, low Ca/P ratio 0.3:1 in exper-
imental fish diet showed the highest level of cholesterol in

O. niloticus.



Table 4 Apparent digestibility of DM, CP, lipid, carbohydrate and energy in O. niloticus after 84 days of feeding phytase

supplemented with different Ca/P ratio.

Items Apparent digestibility coefficient

Dry matter Crude protein Lipid Carbohydrate Energy

Effect of MPU Kg�1

0 85.739 85.69c 85.16c 46.37c 77.09c

500 85.768 87.01b 86.95b 47.87b 78.41a

1000 85.561 87.38a 87.30a 48.40a 78.47a

Pooled SE 1.03 0.077 0.114 0.104 0.073

Effect of Ca:p ratio

0.3:1 86.26 86.54b 85.87c 47.16c 77.42c

0.6:1 85.53 87.52a 87.27a 47.99a 78.76a

0.9:1 85.27 86.03c 86.26b 47.49b 77.79b

Pooled SE

Interactions

0 · 0.3:1 85.613 83.83d 83.59e 45.67f 75.50f

0 · 0.6:1 86.103 85.60c 85.78d 46.38e 77.65de

0 · 0.9:1 85.500 87.50ab 86.100cd 47.05d 78.12bc

500 · 0.3:1 86.550 86.00c 86.61c 47.52cd 78.48b

500 · 0.6:1 83.157 86.40bc 87.84ab 48.27b 79.39a

500 · 0.9:1 87.597 85.32c 86.39cd 47.82bc 77.38e

1000 · 0.3:1 86.630 85.75c 87.41b 48.29b 78.29b

1000 · 0.6:1 86.557 87.68a 88.20a 49.31a 79.24a

1000 · 0.9:1 83.497 86.38bc 86.29cd 47.59cd 77.78cd

Pooled SE 1.80 0.364 0.201 0.364 0.130

Values (±SE, n= 3). Means within same column sharing the same superscript are insignificantly different (P 6 0.05).

Table 5 Serum blood parameters in O.niloticus fingerlings after 84 days of feeding phytase supplemented with different Ca/P ratio.

Items Blood parameters

ALT AST Triglyceride mg dL�1 Cholesterol mg dL�1 Phosphorus

Effect of MP U Kg�1

0 19.12 97.11 125.33c 118.22c 15.72c

500 19.29 96.44 133.11b 125.67b 18.17b

1000 19.21 97.09 135.44a 129.33a 18.70a

Pooled SE 0.258 0.519 0.499 0.454 0.136

Effect of Ca:p ratio

0.3:1 19.42 96.78 130.22b 125.11a 17.06b

0.6:1 19.19 97.03 132.11a 124.56ab 17.84a

0.9:1 19.01 96.83 131.55ab 123.55b 17.69a

Pooled SE 0.258 0.519 0.499 0.454 0.136

Interactions

0 · 0.3:1 19.5000 97.33 125.00d 121.00e 14.65e

0 · 0.6:1 19.4000 96.30 124.66d 117.66f 15.63d

0 · 0.9:1 18.4667 97.70 126.33d 116.00f 16.86c

500 · 0.3:1 19.5000 96.67 131.00c 125.67cd 18.04b

500 · 0.6:1 19.0333 97.33 136.00a 124.76d 18.53b

500 · 0.9:1 19.3333 95.38 132.33b 126.66cd 17.95b

1000 · 0.3:1 19.2667 96.42 134.67ab 128.67b 18.48b

1000 · 0.6:1 19.1333 97.47 135.68a 131.33a 19.34a

1000 · 0.9:1 19.2333 97.49 136.00a 128.00b 18.27b

Pooled SE 0.448 0.898 0.865 0.787 0.236

Values (±SE, n= 3). Means within same column sharing the same superscript are insignificantly different (p 6 0.05).
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Discussion

The growth performance of O. niloticus fingerlings in terms of

final fish weight, weight gain and specific growth rate was
significantly improved on plant protein based diets with graded
levels of phytase supplementation up to certain limits. The

findings of the study provide evidence that supplementation
with MP at a level of 1000 U kg�1 diet was probably enough
for reducing the effect of phytic acid and releasing the chelated
protein and minerals of plant based diets. Similar results were
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obtained by for O. niloticus (Goda, 2007; Liebert and Portz,
2007) and Labeo rohita fingerlings (Baruah et al., 2007). In
the present study, phytase supplementation significantly im-

proved FI and FCR of O. niloticus fingerlings fed on plant
based protein. Increasing the palatability and conversion rate
of diet may be due to enhanced release of nutrients of plant

based diets by breaking down the bonds between phytate-pro-
tein and phytate-minerals (Vielma et al., 1998). Furthermore,
phytate may chelate with amino acids in the stomach of differ-

ent fish species and reduces the availability of amino acid
(Usmani and Jafri, 2002). The findings of present study are
comparable with the findings of Wang et al. (2009) and Baruah
et al. (2007) reached to the same results in rainbow trout and

L. rohita respectively, when fed plant based diet supplemented
with phytase.

With respective of Ca/P ratio, obtained results indicated

that Ca content in diets from organic Ca sources (calcium pro-
pionate) either with or without phytase seemed sufficient to
support the growth of O. niloticus. These results confirmed

with Laining et al. (2011) who indicated that, tiger puffer
had the ability to utilize Ca from organic sources in the
diet along with Ca uptake from seawater to fulfill part of the

entire metabolic Ca requirement.
On the other hand, organic acids and their salts can also

contribute in nutritional ways, because they are components
in several metabolic pathways for energy generation, for in-

stance, for ATP generation in the (citric acid cycle or carbox-
ylic-acids cycle), organic acids and their salts can also
contribute in nutritional ways, because they are components

in several metabolic pathways for energy generation (da Silva
et al., 2012). Pontoppidan et al. (2007) reported that solubility
of phytate is an important factor for phytate degradation by

phytase, which is influenced by pH and Ca level.
With regard to the interaction between MP and Ca/P ratio,

diet supplemented with either 500 or 1000 U kg�1 diet in com-

bination with Ca/P ratio of 0.6:1 significantly improved
growth performance parameters among the different groups.
This indicates that phytase supplementation was more effective
when supplemented with 0.6:1 ratio Ca/P than others supple-

mented with 0.9:1 of Ca/P. High level of Ca in fish feed will
chelate with phytate forming an insoluble complex or compete
with phytase for the binding site at the myoinositol ring and

thus block the site of phytase mediated substrate hydrolysis
(Qian et al., 1996) or increase the pH value to inhibit the activ-
ity of phytase (Cao et al., 2007). Similarly Laining et al. (2011)

indicated that growth rate was significantly higher in tiger
puffer Tahifugu rubripes, fed diet supplemented with
2000 FTU kg�1 diet and (0.5) Ca/P ratio.

In the present study drymatter and ash content ofO. niloticus

fingerlings were not affected by dietaryMP but, The EE content
was significantly increased due to dietary MP. Similar results
were also obtained by Sajjadi andCarter (2004a) byAtlantic sal-

mon, Salmo salar; Debnath et al. (2005) in P. pangasius.
Increased Ca/P ratio was not affected DM and EE but sig-

nificant increase seen in ash content of fish fed high levels of

Ca/P ratio and this may be due to addition of organic salt
(Ca-propionate) which enhance minerals absorption through
the intestine. Similar results were observed in the previous find-

ings Sarker et al. (2012) in juvenile yellowtail, Seriola
quinqueradiata.

Fish that were fed on diet supplemented with 1000 U kg�1

combined with 0.6:1 Ca/P ratio showed the highest body con-
tent of CP, ash and vertebra ash and P content. This indicates
that phytase supplementation positively affected chemical
composition of body and vertebra when combined with 0.6

Ca/P ratio but, increased Ca/P reduces the efficiency of phy-
tase and this also suggested that, added Calcium propionate
with 0.5% in diet provides an optimum environment for phy-

tase activity by lowering pH. On the contrary, Laining et al.
(2011) indicated that, Ca/P ratios were achieved by supple-
menting calcium carbonate at 0, 6 and 12 g kg�1, tiger puffer

(T. rubripes) fed on diet at Ca/P ratio (0.5) with phytase insig-
nificantly affect the values of whole body protein, lipid and ash
significantly, also recorded the highest value of P in vertebrae.
This inconsistency in the outcome of different authors may be

attributed to differences in feed ingredients, nutritional quality
of plant ingredients, water quality, fish species and size and
culture or experimental conditions.

The higher apparent digestibility coefficient (ADC) of crude
protein in plant protein based diets supplemented with MP,
observed in the this trail, clearly indicated the acceptability

of the alternative plant protein based test diets supplemented
with MP has increased as reported by) Vielma et al. (2004),
Liebert and Portz (2005), Goda (2007), Nwanna et al.

(2008), Laining et al. (2011) and Wang et al. (2009). In the
present study, protein digestibility by O. niloticus fingerlings
fed without or low dose of phytase supplementation confirms
the above theories mentioned by (Vielma et al., 1998; Usmani

and Jafri, 2002). However, Sajjadi and Carter (2004a) and
Dalsgaard et al. (2009) found significant effect on protein
digestibility. This discrepancy, observed in several studies for

nutrient digestibility, can be linked to variation in protein
quality of feed ingredients, pH of fish stomach and drying pro-
cedures (Wang et al., 2009).

Generally, the impact of phytase supplementation on nutri-
ent digestibility depends on a variety of factors such as concen-
tration and source of phytate in the diet, (Selle et al., 2000),

digestibility of protein source, levels of calcium and phospho-
rus (Sugiura et al., 2001).

Dietary phytase combined with 0.6:1 Ca/P in diet improved
the ADC of protein, lipid, carbohydrate and energy. This re-

sults confirmed with Laining et al. (2011) who reported that ti-
ger puffer T. rubripes fed the diet supplemented with phytase at
Ca/P ratio (0.5) together with phytase had significantly higher

protein digestibility, also reported that increasing Ca/P with
the same level of phytase decreased the protein digestibility.
The authors, Pontoppidan et al. (2007) reported that solubility

of phytate is an important factor for phytate degradation by
phytase, which is influenced by pH and Ca level. They reported
that increasing Ca/P ratio reduced the phytase-related increase
in P and ash ADC, suggesting a Ca-induced interference with

phytase activity.
The present study clearly demonstrates that the addition of

MP to a plant protein–based diet fed to O. niloticus signifi-

cantly increases the serum phosphorus, cholesterol and triglyc-
erides but, no significant effect was shown in ALT and AST in
fish fed on MP. This result is in agreement with Liu et al.

(2013) they reported that, the addition of neutral phytase did
not notably affect the hepatic ALT and AST activities but sig-
nificant increases were observed in the serum cholesterol tri-

glycerides in grass carp Ctenopharyngodon idellus and gibel
carp Carassius auratus gibelio.Increase in serum P in fish fed
phytase supplement may indicate the enhancement of minerals
absorption particularly P. Enhancement of mineral utilization
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in particular P by supplementing dietary phytase to plant
based diet containing phytate has been well documented in
monogastric animals including fish species (Sajjadi and Carter,

2004b; Vielma et al., 2004). Currently, little information is
available on the effect of dietary phytase addition on these
blood characteristics and more investigations are needed to

confirm these aspects.
Conclusion

Increasing the Ca/P ratio has been previously reported to re-
duce the effectiveness of phytase in Nile tilapia. To increase
phytase efficacy, dietary Ca/P ratio should be kept to a 0.6 ra-

tio for Nile tilapia fed plant protein based diet.
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