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ABSTRACT 
 

Present research work was conducted at Fish Nutrition Laboratory, Department 

of Zoology, Wildlife and Fisheries. University of Agriculture, Faisalabad 

Pakistan during the year 2013 to investigate the effect of phytase and citric acid 

on scale mineralization in Rohu, Labeo rohita juveniles fed on soybean meal 

based diet. Three levels of each of phytase (0, 750 and 1000 FTU/kg) and citric 

acid (0, 1.5 and 3%) were supplemented in 3
3 

factorial arrangement under CRD 

resulting in the formulation of nine experimental diets. Results indicated 

improved (P<0.05) contents of P, Ca, Mg, Na, K, Mn, Fe, Cu and Zn in scales of 

juveniles in response to phytase supplementation. Similarly, improved (P<0.05) 

deposition of these minerals was also recorded in juveniles having citric acid 

supplemented diet. However, a significant interaction among both the 

supplements (phytase and citric acid) was only observed for P and Ca 

deposition. In conclusion, phytase and citric acid supplementations in soybean 

meal based diet enhanced the bioavailability of minerals to L. rohita juveniles, 

resulting in improved scales mineralization. 
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INTRODUCTION 
 

Fish meal due to its balanced amino acid and fatty acid profile is most 
common feed source being used in aquaculture feed industry (3, 4). It is 
more palatable and digestible to fishes having very less anti-nutritional 
factors, however, it is expensive and has limited availability (9, 10). 
Therefore, efforts are being made to replace fishmeal by alternative plant 
protein sources (7). Among plant sources, soybean meal is considered as the 
best alternative protein source, because of its availability, high crude protein 
and low phosphorus contents (26). 

                                                 
*Department of Zoology, University of Sargodha, Sargodha, **Department of Zoology, 

Wildlife and Fisheries, University of Agriculture, Faisalabad, ***Department of Zoology, 

Government College Woman University Faisalabad, ****Department of Zoology, 

Government College University, Faisalabad, Pakistan. 



S. Z. H. Shah et al.  

J. Agric. Res., 2017, 55(2) 

370 

Presence of phytate (an anti-nutritional factor) is the drawback related to the 
use of plant proteins as feed source. The phosphorus of plant seeds is 
mainly (60-90%) stored in the form of phytate. Phytate chelates with amino 
acids, proteins and mineral cations leading to their deficiencies in fish (11). 
Phytase is an enzyme specific for hydrolysis of phytate (22, 6, 21, 12). This 
enzyme is present naturally in the gut of many animals, but in monogastric 
animals like fish its amount is usually very small or even to negligible levels, 
which causes reduction of dietary phytate digestibility that finally results in 
reduced availability of amino acids, minerals and proteins from the diet (28). 
 
Supplementation of phytase in feed increased the utilization of phytate 
phosphorus from diet and its availability in fishes like common carp and 
rainbow trout (24, 29). Lieberta and Portz (16) reported enhanced nutrients 
utilization by phytase supplementation to diet. Phytase addition has been 
proved highly efficient in breaking phytate-protein complex and enhancing 
protein availability to fish (20). Thus, dietary microbial phytase is considered 
as vital supplement for makeup of economical and environment friendly 
aquafeed. 
 
Another approach which is being used in fish nutrition is the supplementation 
of organic acids. Organic acids when supplemented to feed binds with many 
positive ions along the whole length of digestive track, ensuring the increased 
availability of minerals (27, 30).  Organic acids inclusion diet lowers the 
intestinal pH at which phytate becomes physically unstable leading to 
discharge of phosphorus from its binding and enhancing its availability to fish 
(31). Khajepour et al. (14) reported increased muscle ash, decreased lipids 
while unaffected moisture and protein contents as a result of citric acid 
supplementation in the diet of common carp.  
 
Phytase shows best activity at 2.5 and 5.0-5.5 pH ranges (25). Addition of 
dietary organic acids lowers the intestinal pH which may favour the activity of 
phytase. Present study was planned to investigate the individual and 
combined effects of phytase and citric acid supplemented soybean meal 
based diets on scale mineralization of Labeo rohita fingerlings. 

 

MATERIALS AND METHODS 
 

Experimental diet preparation 
 
This study was conducted at Fish Nutrition Laboratory, Department of 
Zoology, Wildlife and Fishries, University of Agriculture, Faisalabad Pakistan 
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during the year 2013. Nine experimental diets were formulated by using 
soybean meal as major protein sources alongwith fish oil as lipid and wheat 
flour as carbohydrates source (Table 1). 
 
Table 1. Formulation of test diets (percent, as-fed basis) 

 

 
Apart from the supplementation of phytase and citric acid, all experimental 
diets were similar in nature, containing equal amount of energy (3.67±0.48), 
nitrogen (27.54±0.49), and lipids (8.00±0.21) level. Three levels of citric acid 
(0, 1.5 and 3%) and three levels of phytase (0, 750 and 1000 FTU/kg) were 
supplemented in 3

3
 factorial arrangement to formulate nine experimental 

diets. Feed ingredients were dried and powder ground (0.05 mm) using 
cereal grinding machine (FFC-45, JIMO, China). All dry ingredients, citric acid 
and fish oil were mixed electrically.  Water was added to make dough which 
was further processed for pallets making by hand palletizer. Pellets of about 
3 mm were made and sprayed with required concentrations of phytase 
(Phyzme®xP 10000 FTUg-1, Damisco Animal Nutrition. Fin-65 101 Vaasa 
Finland). Phytase solution was prepared in the way that (2 g powder phytase/ 
L of water) 1 mL of solution contained 20 FTU in it. Feed pellets were air 
dried in shade upto 10% moisture and stored in vacuum bags at -20°C 
throughout the feeding experiment. Three replicates of tanks were used for 
each experimental diet under completely randomized design. Composition 
and proximate analysis of diets is given in Table 1 and 2, respectively. 
Proximate analysis was determined following standard methods of AOAC, 
1995 (2). Dried feed samples were oven dried at 105

o
C until constant weight 

for dry matter contents; after acid digestion N was determined by micro 
Kjeldahl apparatus and crude protein by N×6.25 formula. crude fats were 
assayed through soxtec HT2 1045 system via ether extraction method of 
Bligh and Dyer (5) and gross energy by using adiabatic oxygen bomb 
calorimeter (Parr Instrument Co., Moline. USA). 

Phytase (FTU/kg) 0 750 1000 

Citric acid (%) 0 1.5 3 0 1.5 3 0 1.5 3 

Ingredients T1 T2 T3 T4 T5 T6 T7 T8 T9 

Soybean meal 56 56 56 56 56 56 56 56 56 

Fish meal 12 12 12 12 12 12 12 12 12 

Rice polish 12 12 12 12 12 12 12 12 12 

Wheat flour 10 10 10 10 10 10 10 10 10 

Fish oil 6 6 6 6 6 6 6 6 6 

Vitamin premix 1 1 1 1 1 1 1 1 1 

Mineral mixture 1 1 1 1 1 1 1 1 1 

Ascorbic acid 1 1 1 1 1 1 1 1 1 

Chromic oxide 1 1 1 1 1 1 1 1 1 
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Table 2.  Proximate analysis of test diets 
 

Phytase 

(FTU/kg) 

Citric 

acid (%) 

Test 

Diet 

Dry 

matter 

(%) 

Crude 

protein (%) 

Crude fat 

(%) 

Gross 

energy (%) 

0 

0 T1 93.03 28.5 7.57 3.91 

1.5 T2 93.27 28.35 7.43 3.85 

3 T3 93.36 28.75 7.57 3.87 

750 

0 T4 93.2 28.3 7.51 3.87 

1.5 T5 93.25 28.19 7.54 3.83 

3 T6 93.54 27.9 7.53 3.74 

1000 

0 T7 93.31 28.58 7.54 3.82 

1.5 T8 93.48 28.75 7.21 3.95 

3 T9 93.67 28.25 7.79 3.83 

 

Experimental fish husbandry  
 

Rohu juveniles were taken from Government Fish Seed Hatchery, 
Faisalabad, Pakistan. Fish were made ectoparasite free by treating with 5g 
NaCl/kg at arrival in laboratory and stored at low density in 70L water 
capacity tanks for 2 weeks with basal diet (T1) feeding. At the beginning of 
feeding experiment 15 fish were stocked in each of 27 tanks (9 treatments, 3 
replicates). Fish were fed at 09:00 and 17:00 hours manually upto apparent 
satiation 6 days a week. After 2 hours of feeding uneaten diet was siphoned 
manually. Tanks were supplied with air stone aerators to maintain dissolved 
oxygen in the range of 5.8-7.3 mg/L. Water temperature and pH were set 
between 24.9-28.7°C and 7.4-8.6, respectively (optimum conditions for fish 
culture). Feeding experiment lasted for 12 weeks.  

 

Sampling and analysis 
 
At the end of feeding trial, 5 fish specimens from each tank were starved for 

24 hours and dipped in 3000 mg per L clove oil solution for 40-60 seconds to 

anesthetize (14). They killed by a sharp blow on head. Mucous of both lateral 

surfaces was wiped off and scales were removed. Scale sample of each tank 

were pooled, rinsed with distilled water and oven-dried for two hours at 

110
o
C, defatted for seven hours with anhydrous ethyl ether, pulverised in 

mortar and pestle, dried again, finally weighed and used for minerals 

estimation. Standard procedures of AOAC (2) were used for minerals 

estimation after wet digestion. Scale samples were digested in boiling nitric 

and perchloric acid (2:1) mixture. After required dilutions Na and K were 

estimated on flame photometer (Jenway PFP-7, UK) while P with the help of 
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UV-VIS spectrophotometer (U-2001, Hitachi) at 750 nm absorbance after 

molybdate reagent oxidation. All other minerals (Ca, Mg, Mn, Zn, Cu and Fe) 

were estimated on atomic absorption spectrophotometer (Hitachi Polarized 

Zeeman AAS, Z-8200, Japan). 

 

Statistical analysis 
 
Data were analyzed statistically by two-way ANOVA using CoStat computer 

package (Version 6.303, PMB 320, Monterey, CA, 93940 USA). When 

significant F values of ANOVA were determined, Tukey’s Honestly significant 

difference test was used to compare individual means. Treatment effects 

were considered significant at P<0.05. 

 

RESULTS AND DISCUSSION 
 

Effects of citric acid and phytase supplementations on scale mineralization of 

L. rohita juveniles is given in Table 3. Phytase supplementation showed 

higher (p<0.05) minerals deposition in fish scales. However, supplementation 

of phytase did not show any dose dependent effect for Ca, Mg, Na, Mn, Fe 

and   Zn    deposition   in   scales.    Moreover,    both     levels    of    phytase 

supplementation (750 and 1000 FTU/kg) affected the deposition of P, K and 

Cu differently. Statistically improved scales mineralization was also recorded 

by the addition of dietary citric acid in the diet. However, additive effect of 

both the supplements was significant only for P and Ca deposition in scales. 
 

Most of the P in plant meals is present in the phytate form which is not 
available to agastric fishes (1, 19). Negative effects of phytate can be 
alleviated by supplementing  phytase in diet (17, 18, 23).   
 

In current experiment, phytase addition caused an improved scale 
mineralization of Rohu juveniles. Present results favour the previous findings 
with Pagrus major fed phytase treated diet where P level was significantly 
increased in the scales (15). A similar phenomenon was also observed in 
Oncorhynchus mykiss fed on phytase added diet resulting in significantly 
(p<0.05) improved P and Ca contents in fish scales (8). Liebert and Portz 
(16) also reported a significant increase in scale mineralization of Nile tilapia 
by addition of dietary microbial phytase. These results indicated that 
supplementation of phytase hydrolyzed the phytate leading to improve 
bioavailability of minerals in fish. 
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Minerals contents of juvenile’s scales were significantly affected by dietary 
citric acid addition except P, Mg and K which also showed numerically higher 
values in 3% citric acid supplemented fish as compared to control. Khajepour 
and Hosseni, (13) also reported significantly higher P content in scute of 
beluga, Huso huso fed a citric acid acidified soybean meal based diet as 
compare to control group whereas they also observed a slight increase in Ca 
content. Moreover, significant interaction between citric acid and phytase was 
also recorded for scale mineralization. In conclusion, supplementation of 
phytase and citric acid, independently, and in combination, improves the 
scale mineralization in Rohu juveniles, fed on soybean meal based diet. 
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Table 3. Citric acid, phytase and their interaction with scale mineralization of L. rohita juveniles fed on soybean meal 

based diet. 

 

Phytase 

(FTU/kg) 

Citric 

acid 

(%) 

Test 

diet 

P 

(%) 

Ca 

(%) 

Mg (%) Na 

(mg/kg) 

K 

(mg/kg) 

Mn (ug/g) Fe (ug/g) Cu (ug/g) Zn (ug/g) 

0 

0 T1 6.41h 12.33g 0.44d 1.23c 0.16c 27.35d 18.44d 9.65f 88.50g 

1.5 T2 7.62e 15.03e 0.58c 1.28b 0.28a 28.55c 18.61cd 11.00e 94.50f 

3 T3 7.53f 14.97e 0.58c 1.28b 0.22b 28.75c 18.92bc 11.38d 95.65ef 

750 

0 T4 7.64e 14.58ef 0.56c 1.28b 0.16c 28.60c 18.48d 11.4d 96.95de 

1.5 T5 8.41c 16.47d 0.64b 1.38a 0.23b 29.65a 19.25ab 12.61b 104.30c 

3 T6 8.51c 17.28c 0.68a 1.37a 0.23b 29.25ab 19.06b 12.11c 105.50bc 

1000 

0 T7 7.24g 14.10f 0.57c 1.31b 0.24b 22.15f 18.53d 11.46d 98.25d 

1.5 T8 8.62b 19.93b 0.68a 1.38a 0.29a 23.20e 18.94bc 12.74b 106.35b 

3 T9 8.75a 21.05a 0.68a 1.39a 0.28a 28.80bc 19.61a 13.13a 108.75a 

PSE 0.03 0.33 0.01 0.02 0.01 0.21 0.2 0.13 0.73 

Analysis of Variance 
         

Phytase p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 N.S p<0.05 p<0.05 

Citric acid p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 

Phytase × citric acid p<0.05 p<0.05 N.S N.S N.S N.S N.S p<0.05 N.S 

Data are means of triplicate values, Values in each row with different superscript are significantly different (p<0.05), PSE= √MSE/r, where, MSE= 
Mean Standard Error and r = Replicate Number 


