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ABSTRACT

An experiment was conducted to investigate the effect of
supplemental citric acid and microbial phytase on the growth performance
and body composition of common carp (Cyprinus carpio). In a completely
randomized design with 3x3 factorial arrangement, the effects of three
levels (0, 1.5 and 3%) of citric acid and three levels (0, 500 and 1000 FYT
kg' diet) of microbial phytase were tested. Two hundred and sixteen fish,
averaging 207 g, were divided into 27 pens, 8 fish per pen. Nine
experimental diets were given to three replicates of 8 fish for a period of 8
weeks (plus two weeks for adaptation). Supplemental citric acid had no
significant effect on plasma cholesterol, triglyceride, phosphorus, liver fat,
carcass dry matter and protein, feed conversion ratio, protein efficiency
ratio, carcass index, specific growth rate and apparent digestibility of
phosphorus. Addition of 3% citric acid significantly (P<0.05) increased
body ash (3.13%) and phosphorus (0.41%). Body fat was reduced
significantly (P<0.05) due to suppleméntal citric acid, although, there were
no further significant effects associated with the amount of citric acid given.
Feed conversion ratio (2.25, FCR), protein efficiency ratio (1.29), specific
growth rate (0.77), percent age of body weight growth (54.3%) and
phosphorus digestibility (53.7%) were improved significantly (P<0.05) due
to supplemental phytase. Phosphorus digestibility was not significantly

affected by the amount of phytase fed. The highest body ash and P, protein
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efficiency ratio and specific growth rate were obtained numerically with
1000 FYT kg™ and 3% citric acid in the diet (3.4, 0.44, 1.3 and 0.8%,
respectively). The lowest percent body fat and FCR, 6.1% and 2.21,
respectively, were also observed with this diet. These results indicated that
addition of 3% citric acid to the diet of common carp improved carcass
composition and provided better digestive tract conditions for microbial

phytase without any positive effect on growth.
Key words: Body composition, Citric acid, Common carp, Phytase,
Phytate.
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INTRODUCTION

Common carp (Cyprinus carpio) is one of the most popular warm
water fish cultured in many parts of Iran. The flesh quality of common carp
is usually dependent on several factors including age, growth rate and diet
composition (10). Deficiencies of methionine and phosphorus also increase
fat deposition (19). Body fat content influences the palatability of fish (10).
Supplemental phosphorus (P) increases the body protein content and reduces
fat, indicating a role for P in fat metabolism and protein deposition (8).

Fish meal, plant by-products and mineral supplements are three major
P sources in diets (13). The P in fish meal is poorly utilized by carp due to
absence of an acidic stomach (5). Being an agastric animal, carp does not

utilize P which is mainly bound to phytic acid in plant protein sources (21)
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and the availability of phytate-P is about 40% for carp (8). However, it has
been reported that the addition of citric acid (CA) to carp diets increases the
digestibility of minerals by reducing digestive tract pH (17). Addition of
phytase to diets can release inorganic P from phytate, hence improving P
availability and thereby decreasing fecal P (22). Microbial phytase is most
activc‘ at pH 2.5 and 5.5 (22). Supplementation of diets with organic acid
can result in improved feed efficiency and daily weight gain (14). Hence,
the effectivene~~ of microbial phytase may be increased if used together
with organic acid in the diet of farm animals.

The objective of the present study was to evaluate the efficiency of
CA on phytase activity regarding phytate P utilization, fish performance,

body composition and some blood parameters.

MATERIALS AND METHODS

The experiment was conducted at the Karaskan Fisheries Research
Center in Isfahan Province, Iran. Two hundred and sixteen common carps
(Cyprinus carpio) weighing 207+24 were divided into 27 groups, 8 fish per
group. Triplicate groups were allotted to each pen of 1 m®, a slow water
supply to meet the fish O, requirements and water evaporation. Each
experimental diet was randomly assigned to triplicate groups which were fed
by hand twice a day at a level of 20 (g kg') x W°*® (18). During the
experimental period, water temperature and dissolved oxygen level were 19-
20°C and 6.5-9.2 mg I'', respectively. The experimental period lasted for 8
weeks, plus two weeks for adaptation.

Nine isocaloric and isonitrogenous diets were formulated to meet the
nutritional requirements (12) using three levels of CA (0, 1.5 and 3%) and
three levels of phytase (Ronozyme™ P) (0, 500 and 1000 FYT kg™ diet).
Ingredients of the test diets are shown in Table 1. The test diets were
prepared as cold-extruded moist pellets (5 mm diameter). Two weeks before
the end of the experiment, chromic oxide (Cr,03) was added to all test diets
as an inert marker at a concentration of 0.2% for determination of
phosphorus digestibility.

The fish were not fed on the day after the experiment. Five fish were

randomly selected from each pen and anesthetized by MS-222, immediately
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upon capture. Blood samples (2 ml) were drawn into syringes from the
caudal blood vessels of each fish and pooled. Fecal samples were collected
from the end part of the small intestine of the dissected fish and pooled.
Liver samples were also collected from five fish per pen and pooled. Five
gutted fish from each replicate were completely minced, mixed and pooled.
All samples were stored frozen at -17 °C .

Proximate chemical composition of whole body was determined by the
methods of AOAC (1). Plasma cholesterol and triglyceride concentrations
were determined using commercial kits (Ziest Chem Diagnostics) by the
methods of Roeschlau et al. (15) and Fossati and Prencipe (7), respectively.
Plasma P was measured using the method of Tietz (25). The dietary and
fecal chromic oxide contents were determined spectrophotometrically

at 440 nm (6).

Table 1. Formulation and composition of basal diets (%).

Ingredients COPO C1.5P0 C3P0
Fish meal (Kilka) 15.00 15.00 15.00
Soybean meal (mechanically extracted) 53.91 54.48 55.04
Wheat flour 2715 24.65 22.10
Sunflower oil 1.89 2.35 2.81
Mineral Premix’ 0.30 0.30 0.30
Vitamin Premix" 0.30 0.30 0.30
DL-Methionine (98%) 0.41 041 0.41
Molasses 1.00 1.00 1.00
Vitamin E (acetate) 0.02 0.02 0.02
‘Vitamin C (ascorbic acid) 0.02 0.02 0.02
Citric acid' 1.50 3.00

All diets were isocaloric, isonitrogenous and isophosphorus (DE, 12.12 MJ

kg ', CP, 35%, and total phosphorus, 0.73%).

1 Amount supplied (mg kg of diet): Mn, 1200; Fe, 60; Zn, 120; Cu, 12; I,
1.2; Se, 0.24.

§ Vitamin mixture supplied the following (mg or IU kg'' of diet): Vit. A,

10800 IU; Dj, 2400 IU; E, 21.6 IU; K3, 2.4 1U; Thiamin, 2.16; Riboflavin,

7.9; Niacin, 12; Pyridoxin, 3.6; Folic acid, 1.2; B;,, 15; Biotin, 0.12; choline

chloride, 600; and adequate antioxidant.

¥ 0627: Mallinckrodt Chemical works, St. Louis, MO.
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1 Two levels of phytase (P, Hoffmann. La Roche Inc.) (500 and 1000 FYT
kg™') were added to each diet (one phytase unit is the activity of phytase that
generates 1 micromole of inorganic phosphorus per minute from an excess
of sodium phytate at pH 5.5 and 37°C). The experimental diets were: 1) 0%
citric acid+0 phytase units (COP0), 2) 0% citric acid + 500 phytase units
{COPSOG), 3) 0% citric acid + 1000 phytase units (COP1000 ), 4) 1.5% citric
acid+0 phytase units (C1.5P0), 5) 1.5% citric acid+500 phytase units
(C1.5P500), 6) 1.5% citric acid+1000 phytase units (C1.5P1000), 7) 3%
citric acid+0 phytase units (C3P0), 8) 3% citric acid+ 500 phytase units
(C3P500), 9) 3% citric acid+1000 phytase units (C3P1000 ).

The feeding trial was analyzed according to a completely randomized
design in a 3 %3 factorial arrangement, with three levels of CA and phytase
supplements. Two-way ANOVA was used to.test the effects of CA and
phytase supplements (16). Duncan’s (4) multiple range test was used to
compare means when a significant F was found. Linear regression was
determined between some significant parameters to investigate any
interrelationships. Final body weight was included as a covariate in the

statistical model. Treatment effects were considered significant at P<0.05,

RESULTS

Growth Parameters

Final weight and percentage of body weight gain (BWG) were
increased significantly (P< 0.05) due to phytase supplement but not for CA.
Interaction between CA and phytase on BWG percentage was not significant
(Table 2). Addition of phytase at level of 1000 FYT kg™ to the basal diet
resulted in significant (P<0.05) increases in specific growth rate (SGR)
(Table 2). The difference between the diet P500 and P1000 was also
significant (P<0.05), while there was no significant difference between the
basal and P500 diets (Table 2). Interaction between phytase and CA on SGR
was not significant.

Supplemental phytase but not CA (Table 3) improved FCR and PER
(P<0.05). The diet P1000 showed a better FCR and PER than control (P0)
and P500 diets. The regression equations were:

FCR=2.91- 0.0023X (phytase), R*=0.48; P<0.05
PER=0.98+0.001X (phytase), R*=0.48; P<0.05
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Table 2. The effects of supplemental phytase and citric acid on growth of common carp.

Final Weight (g) Weight Gain (%)’ SGR (%)

Phytase (FYT kg™) 0 500 1000 0 500 1000 0 500 1000

Overall 300.1b  298.3b 326.6a Overall 44.1b  44.6b 543a Overall 0.65b 0.67b 0.77a
Citric Acid (%

0 3131 2984 2987 3206 467 430 437 533 068 064 065 076
1.5 3089 3038 3003 319.1 478 458 444 532 069 067 066 076
3 3029 2980 3097 3261 485 433 459 563 072 064 071 080
Model P>F P>F P>F
Phytase (P) 0.0001 0.0007 0.0008
Citric Acid (CA) 0.18 0752 0.470
PxCA 0.063 0.918 0.767
SEM 2.145 997 0.011

abcd Means followed by similar letter (s) are no. significantly different (DMRT, P>0.05).
t Weight gain (%) =100x [(final BW-initial BW) / initial BW].
§ Specific growth rate = 100x [L, final BW- L, intial BW]/duration.
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Interactions between phytase and CA on FCR and PER were not
significant (Table 3). Carcass index was not affected by citric acid and
phytase supplements and remained fairly constant at all-levels (data not
reported). Apparent phosphorus digestibility (APD) was not affected by CA
supplement, but APD of the diets supplemented by two levels of phytase
(500 and 1000) improved significantly over the control diet (Table 3). The
regression equation was:

APD=42.77+0.115X (phytase), R?=0.49; P<0.05

Interaction between phytase and CA on APD was not significant.

Body Composition and Hematological Data

Dietary supplementation with CA and phytase at the levels used in the
present study, did not affect the body protein content, dry matter and liver
fat content significantly, so data have not been reported. The effect of
dietary CA on body ash content was significant. Fish fed the diet containing
1.5 and 3% CA had higher (P<0.05 ) body ash contents than those fed the
control diet (Table 4). No significant interaction was observed between
phytase and CA regarding the ash content.

The phosphorus content of the body was increased significantly
(P<0.05) as a result of CA supplementation (Table 4). Fish fed the diet
containing 3% CA showed the highest phosphorus level compared to fish
given the control diet (0.41 vs 0.27%). The regression equation was:
Carcass phosphorus=0.252+0.215X (CA), R*=0.58; P<0.01.

Supplemental phytase had no significant effect on body P and the
interaction between phytase and CA on body P was not significant.
Consumption of the diet C3P1000 resulted in numerically higher P content
(0.44%) as compared to COP1000 (0.24%) (Table 4).

Citric acid reduced the body fat content significantly (P<0.05) (Table
4). Dietary supplementation with phytase as high as 1000 FYT kg™ did not
seem to affect body fat content. Interaction between phytase and CA on
body fat was not significant (Table 4). The regression equation of body
phosphorus on body fat was:

Carcass fat=8.32-4.707X (carcass phosphorus) R=0.52; P<0.02.

Supplemented CA and phytase had no effect on plasma cholesterol,

triglyceride and P, so data have not been reported.
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DISCUSSION

Phytase increased weight gain and CA enhanced this effect numerically.
Schafer et al. (18) demonstrated a similar growth increase in carp fed with
phytase supplemented diets. A part of the effect of phytase could be due to
its role in releasing more P from phytate and enhancing energy metabolism
for better growth and FCR (8). In fact, improvement in growth and FCR with
higher levels of phytase (1000 FYT kg™') might be explained by release of
minerals from phytate complexes, increase in the utilization of myo-inositol
after ‘its release from phytate, or a possible increase in the digestibility of
starch, or a combination of these mechanisms (22).

Supplemental phytase improved FCR, which is in agreement with the
results of Zyla er al. (27). PER was also increased as a result of phytase
supplementation which confirms the finding of Vielma er al. (26).
Additionally, combination of phytase and CA also improved PER
numerically. It seems that CA enhanced phytase activity, thereby, allowing
more phytate to be hydrolyzed. Consequently, the inhibitory effects of
phytate on proteolytic enzymes may be reduced or alternatively, more Ca**
may be available as cofactor for these enzymes and ultimately better protein
digestion might be achieved (20).

Although it has been reported that CA is capable of increasing
apparent digestibility of many of the minerals in fishmeal (23), in the
present study no effects on ADP was recorded. Radcliffe er al. (14) also
reported no significant effect of added CA on ADP in pigs. On the other
hand, the positive effect of phytase on increasing ADP obtained in the
present study confirms the findings of Maenz ef al. (11) in broilers. They
demonstrated that addition of 1000 units kg™' of microbial phytase to the
broiler feeds could on average increase the ADP from 12 to 30%. Our
findings showed that addition of 1000 FYT kg' to the diets improved the
ADP from 40.8 to 53.7% in carp.

The positive effect of CA supplementation on reduction of body fat
could possibly be related to its effects on phosphorus retention. Existing
reports show that a low phosphorus diet causes an accumulation of fat in
tissues of fish (18). In fact, phosphorus deficiency results in the inhibition
of B-oxidation and fat accumulation (24). Although phytase supplementation
was not associated with a decrease in fat content, a non-significant
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reduction in body fat content was noted as a result of combination of CA
and phytase. This could be attributed to the change of pH in the digesta and
hence a better phytase performance, improving P availability and retention.

Supplemental CA and phytase had no effect on plasma cholesterol,
triglyceride and phosphorus levels, which is not in agreement with the
findings of Sugiura et al. (23).

- Adding phytase to the diet had no effects on body P and ash content
when no CA was included in the diet. However, the addition of 3% CA to
the diet supplemented with 1000 FYT kg™' of phytase showed the highest
body P and ash content numerically. Similar results were also reported for
rainbow trout (2). This shows that CA promoted more favorable conditions
for digestion by reducing stomach pH, hence suggesting a better phytase
performance and consequently a better digestibility of phytate P and release
of other divalent elements including Ca, Mg, etc. Acidification of diets due
to added CA was 6.46, 5.42 and 4.88, for the levels of 0, 1.5 and 3% CA,
respectively. Ineffectiveness of added phytase on plasma and body
phosphorus and ash content might be due to use of plasma P in
mitochondrial respiration rather than retention in body or due to increase of
urinary P excretion (2), but in the present study we didn't measure the
concentration of P in the effluent. Similar findings were reported by Vielma
et al. (26). The results of the present study are in agreement with the reports
of Cain and Garling (3), who showed higher ash content in fish fed with a
phytase supplemented soybean diet. Lower body fat contents due to
consumption of the CA supplemented diet suggest a higher P availability
and a higher fat oxidation, hence providing more energy for a better growth

rate. These findings confirm the reports by Horl et al. (9).

CONCLUSIONS
Supplemental phytase improved FCR, PER, specific growth rate and
P digestibility, while, CA resulted in increased body ash and phosphorus
levels and reduced body fat. A combination of phytase and CA was more

effective numerically than each one alone.
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