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ABSTRACT

Present research work was conducted to evaluate the effect of phytase supplementation on nutrient digestibility, growth performance
and hematological indices of Catla catla (Hamilton, 1822) fingerlings fed Moringa oleifera seed meal (MOSM) based diet.
Existence of phytate in plant byproducts decreases the bioavailability of nutrients to fish, resulting in low nutrients availability,
poor fish growth and hematological indices in fish body. Moringa byproducts such as M. oleifera seed meal (MOSM) was used as
test ingredient to formulate experimental diet. Experimental diet was divided into six test diets and were supplemented with graded
levels (0, 300, 600, 900, 1200 and 1500 FTU kg™') of phytase. The fingerlings were fed at the rate of 4% of live wet weight twice
a day in V-shaped indoor tanks. Phytase supplementation showed significant (p<0.05) improvement in bioavailability of nutrients,
growth indices and hematological parameters. Results showed that maximum growth performance, digestibility of nutrients and
improved hematological values of C. catla fingerlings were noted at 900 FTU kg level of phytase supplementation in MOSM
based test diet. It was concluded that phytase supplementation at 900 FTU kg™ level was helpful to develop an eco-friendly and

cost effective fish feed incorparating moringa seed meal.
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Introduction

Catla catla (Hamilton, 1822) commonly known as
‘thaila’, is a surface feeder being cultured widely along
with other freshwater fish species in Pakistan (Aslam
etal.,2016). Production of this species increased during the
first decade of 21* century and in 2012, world production
was about 2.8 million t (FAO, 2015). Demand for fish
consumption is constantly increasing as a source of food
and for health benefits (Abdulkadir et al., 2016; Tiamiyu
etal.,2016). Fishmeal is a major source of protein used in
formulation of feed for different fish species as it contains
important vitamins, attractants, nutrients, fatty acids and
amino acids (Dawood et al., 2015). However, unstable
supply, higher demand and increasing cost of fish meal led
to search for alternative cost effective sources of protein
(Hardy, 2010; Lim et al., 2011). The best alternative
protein sources are plant byproducts because of their low
cost and easy availability throughout the year. A number of
researchers have found positive effects on fish growth and

nutrient digestibility when different fish species were fed
plant byproducts based diets (Hussain et al., 2015a; Liu
et al., 2017). One of the cost effective plant protein
sources is Moringa oleifera (family Moringaceae) known
as miracle tree (Yuangsoi et al., 2014) and locally called
‘sohanjana’ or ‘sanjana’ in Pakistan and found common in
southern Punjab. M. oleifera seed meal (MOSM) is a good
source of protein (33 to 38%), important vitamins, essential
amino acids viz., methionine, cystine and tryptophan
(Makkar and Becker, 1996). M. oleifera seed is also
virtuous source of protein, fat as well as other nutrients.
However, MOSM contains the anti-nutritional factor
phytate or phytic acid (Worku, 2016). Presence of phytate
in plant based diets can cause adverse effects on nutrient
digestibility in fish (Hussain et al., 2015a, b). Moreover, it
is capable of binding with essential amino acids in different
fish species that decreases bioavailability of nutrients,
especially protein (Usmani and Jafri, 2002). Further,
growth and hematological parameters are also adversely



Syed Makhdoom Hussain ef al.

affected by higher concentrations of phytate/phytic acid in
plant byproducts or oilseed meals based diets (Cao et al.,
2007). Chelated phosphorous cannot be utilised by
mono-gastric fishes, resulting in increased nutrient
discharge into water media causing aquatic pollution
(NRC, 1993). Phytate complex can be broken down only by
some enzymatic reactions because it is a stable compound
(Vielma et al.,, 2000). Phytase, chemically known
as myo-inositol hexa-kisphosphatephospho-hydrolase,
belongs to class III hydrolases. Supplemental dietary
phytase is an effective method to improve the nutrients
availability and feed conversion ratio (FCR) of fish. It
also decreases water pollution by proper digestion and
absorption of nutrients in fish body (Hussain et al., 2011;
Liu et al., 2013; Hussain et al., 2015a). It was noted that
growth parameters of Indian major carps was significantly
decreased when phytic acid was incorporated in feed
(Alvi, 1994). Phytase supplementation improved growth
performance and nutrient digestibility of Labeo rohita
fed on plant byproducts based diets (Baruah et al., 2007a;
Hussain ef al., 2015b). The purpose of the present study
was to examine the effects of phytase supplementation
on nutrient digestibility, growth performance and
hematological indices of C. catla fingerlings fed MOSM
based diets.

Materials and methods

The experiment was conducted in the Fish Nutrition
Laboratory, Department of Zoology, Government College
University Faisalabad, Pakistan.

Fish and experimental conditions

C. catla fingerlings were procured from the government
Fish Seed Hatchery, Satiana Road, Faisalabad. Prior to
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initiation of the experiment, fingerlings were acclimatised
to the laboratory conditions for fourteen days in specially
designed V-shaped tanks having 70 1 water holding
capacity. During this period, the fingerlings were fed once
daily on basal diet (Allan and Rowland, 1992). Water
quality parameters such as temperature, pH and dissolved
oxygen (DO) were monitored on daily basis. Air pump
was used for aeration by capillary system throughout
the experimental period. Before starting experimental
feeding, C. catla fingerlings were treated for 1 to 2 min
with 0.5% saline solution to remove the pathogens if any
present (Rowland and Ingram, 1991).

Experimental design

M. oleifera seed meal (MOSM) was used as the
major protein source in the basal diet. Six test diets were
prepared by supplementing the basal diet with graded
levels (0, 300, 600, 900, 1200 and 1500 FTU kg') of
phytase enzyme. The diets were fed to six groups of fishes,
with each group having triplicate tanks, each stocked with
15 fingerlings per tank (8.06+0.042 g fish™'). Duration of
the experiment was 90 days.

Processing of M. oleifera seeds and preparation of
experimental diets

M. oleifera seeds were obtained from local market
in Faisalabad. Seeds were air dried and defatted by
press method (Weiss, 1971; Salem and Makkar, 2009).
Processed moringa seeds were ground to powder.

The feed ingredients procured from local commercial
market, finely ground and passed through 0.3 mm sieve
size (Table 1). Prior to the formulation of the experimental
diets, the feed ingredients were analysed for proximate
composition (Table 2) following standard methods

Table 1. Ingredients composition (%) of control and test diets (Dry matter basis)

Ingredients Test diet I (Control) TestdietII  Testdiet I Testdiet-IV ~ Test diet V Test diet VI
MOSM 35 35 35 35 35 35
Fish meal 15 15 15 15 15 15
Soybean meal 15 15 15 15 15 15
Rice polish 8 8 8 8 8 8
Wheat flour” 17 17 17 17 17 17
Fish oil 6 6 6 6 6 6
Vitamin premix”™ 1.0 1.0 1.0 1.0 1.0 1.0
Chromic oxide 1.0 1.0 1.0 1.0 1.0 1.0
Ascorbic acid 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mixture " 1.0 1.0 1.0 1.0 1.0 1.0
Phytase level (FTU kg™) 0 300 600 900 1200 1500

MOSM = M. oleifera seed meal
* Phytase enzyme was used at the expense of wheat flour

™ Vitamin premix per kg: Vitamin D,: 3,000,000 IU, Vitamin A: 15,000,000 IU, Vitamin E: 30000 IU, Vitamin B,: 3000 mg, Vitamin B: 4000 mg,
Vitamin B, ,: 40 mg, Vitamin B,: 7000 mg, Vitamin C: 15,000 mg, Vitamin K.: 8000 mg, Folic acid: 1500 mg, Calcium pantothenate: 12,000 mg,

Nicotinic acid: 60,000 mg.

*** Mineral premix per kg: Mn (Manganese): 2000 mg, Ca (Calcium): 155 g, Zn (Zinc): 3000 mg, Cu: (Copper), 600 mg, Co: (Cobalt), 40 mg,
I (Iodine): 40 mg, P (Phosphorous): 135 g, Fe (Iron): 1000 mg, Mg (Magnesium): 55 g, Se (Selenium): 3 mg, Na (Sodium): 45 g.
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Table 2. Proximate composition (%) of feed ingredients (Dry matter basis)

Parameter MOSM Fish meal Rice polish Wheat flour Corn gluten meal 60%)
Dry matter (%) 93.74 91.67 94.06 92.4 92.34

Crude protein (%) 34.41 48.17 12.38 10.15 59.51

Crude fat (%) 4.28 7.12 13.46 2.3 4.58

Crude fiber (%) 2.03 1.12 12.74 2.67 1.23

Ash (%) 9.63 24.66 10.17 2.06 1.36

Gross energy (kcal g) 4.17 2.65 3.18 2.95 4.35

Carbohydrates (NFE) 45.48 16.28 48.07 79.87 28.97

(AOAC, 1995). Cr,0, was used as inert marker at
the rate of 1% in all the test diets. All feed ingredients
were thoroughly mixed in a feed mixer for about
5-10 min. Feed ingredients were blended slowly into the
mixer after adding 10-15% of tap water to form suitably
textured dough which was pelleted using a pelleting
machine (Lovell, 1989). Five phytase supplemented test
diets were prepared by spraying graded levels (300, 600,
900, 1200 and 1500 FTU kg') of phytase. The required
concentrations of phytase enzyme (Phyzyme® XP 10000
FTU g'; Danisco Animal Nutrition, Fin-65101 Vaasa,
Finland) were prepared in 25 ml distilled water and
sprayed on 1 kg of each test diet (Robinson ef al., 2002).
Control diet (0 FTU kg level) was sprayed with an equal
amount of distilled water to maintain equivalent level of
moisture. All the diets prepared were dried and stored at
4°C until use.

Feeding protocol and sample collection

C. catla fingerlings were fed at the rate of 4% of live
wet body weight on respective diet, twice daily. After the
feeding session of 2 h, the uneaten diet was drained out
from each tank by opening the valves of the tanks. The
tanks were washed completely to remove the feed particles
and refilled with tap water. Fecal material was collected
carefully to avoid the breakage of faeces for minimising
the leaching of nutrients in water. Faeces were dried in
oven at 65°C and stored for further chemical analysis.

Chemical analysis of feed and faeces

Moisture content of test diets and faeces were
calculated after oven drying of homogenised samples at
105°C for 12 h. Micro Kjeldahl Apparatus (InKjel M behr
Labor Technik GmbH D-40599 Dusseldorf) was used
to determine the crude protein (CP) content (N x 6.25).
Soxhlet system (Soxhlet Extraction Heating Mantels,
250 ml 53868601) was used to analyse the crude fat
(EE). Crude fiber content was estimated by digestion
with 1.25% H,SO, and 1.25% NaOH. The difference in
weight after calcination indicates the quantity of fibre
present. Ash was determined by ignition at 650°C for 12 h
in electric furnace (Naberthern B170) to constant weight.

Total carbohydrates (N-free extract) were calculated using
standard formula:

Total carbohydrates (%) =100-(EE % + CP % + Ash % + CF %).

Oxygen bomb calorimeter was used to estimate
the gross energy (GE) of samples. Chromic oxide
contents in the diets and faeces were estimated after
oxidation with molybdate reagent using a UV-VIS 2001
Spectrophotometer at 370 nm (Divakaran et al., 2002).

Apparent nutrient digestibility coefficient (ADC) of
test diets was calculated using the standard formula (NRC,
1993):

% Marker in diet x % Nutrient in faeces
ADC (%)= 100 - 100 x

% Marker in faeces x % Nutrient in diet

Evaluation of growth

The fish were bulk weighed in each tank at start
and at end of the study period to evaluate the growth
performance of C. catla fingerlings. Growth parameters
such as weight gain (g), FCR, specific growth rate (SGR)
and weight gain % of fingerlings were calculated using
standard formulae (NRC, 1993):

(Final weight - Initial weight) x 100

Weight gain (%) =
cight gain (%) Initial weight
FCR _ Total dry f.eed int‘ake (g)
Wet weight gain (g)
(In. final wt. of fish - In. initial wt. of fish) x 100
SGR (%) = :
Trial day
Hematological study
Blood samples were collected from the caudal

vein using heparinised syringe and were analysed for
hematological indices at Molcare Lab, Department of
Biochemistry, University of Agriculture, Faisalabad,
Pakistan. Micro-hematocrit technique was used to
determine hematocrit/packed cell volume (PCV) value
as per Brown (1980). Red blood cells (RBC) and
white blood cells (WBC) counts were analysed using a
Neubauer counting chamber (Blaxhall and Daisley, 1973).
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Hemoglobin (Hb) concentration was determined as
described by Wedemeyer and Yastuke (1977). Mean
corpuscular hemoglobin concentration (MCHC); mean
corpuscular hemoglobin (MCH) and mean cell volume
(MCV) were calculated using the following formulae:

MCHC = Hb/PCV x 100
MCV =PCV/RBC x 10
MCH =Hb/RBC x 10

Statistical analysis

Data of ADC of nutrients (CP, EE and GE), growth
parameters as well as haematological indices were
subjected to one way analysis of variance (Steel ef al.,
1996). The differences among treatments were compared
by Tukey’s Honesty Significant Difference Test and
considered significant at p<0.05 (Snedecor and Cochran,
1991). The CoStat Computer Package (Version 6.303,
PMB 320, Monterey, CA, 93940 USA) was used for
statistical analyses.

Results

Nutrient levels were approximately similar in control
as well as all the phytase supplemented MOSM based test
diets (Table 3).

Nutrients in faeces were significantly (p<0.05)
different between fish fed on control and phytase
supplemented MOSM based test diets (Table 4). It
was found that lower amount of nutrients was excreted
through faeces of fingerlings fed on phytase supplemented
MOSM based diets as compared to fishes fed on control
diet. Lowest amount of nutrients was discharged through
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faeces when fingerlings were fed on diet supplemented
with phytase at 900 FTU kg followed by 600 FTU kg
level.

It was found that 900 FTU kg level showed
maximum  digestibility =~ values of crude fat
i.e. EE (80%), crude protein i.e. CP (72%) and gross
energy i.e. GE (74%). These values were significantly
(p<0.05) different from control diet as well as remaining
phytase supplemented test diets. Lowest ADC of nutrients
(EE 49, CP 52 and GE 53%) was observed when fish
were fed on control diet (0 FTU kg™! level) as compared to
phytase supplemented MOSM based diets (Table 5). From
these results it was also noted that increasing ADC of
nutrients resulted in decreased nutrient discharge through
faeces in water.

Results of fish growth parameters viz., weight
gain, FCR and SGR are shown in Table 6. Phytase
supplementation was found to significantly (p<0.05)
improve growth performance of C. catla fingerlings fed
MOSM based diets as compared to control diet. Growth
parameters of C. catla fingerlings was found to increase
from 300 FTU kg' level and reached maximum at
900 FTU kg level of phytase supplementation.

Maximum weight gain (20 g) and SGR (1.37) were
observed in fingerlings fed phytase supplemented diet
at 900 FTU kg' level followed by fish fed on test diet
I supplemented with 600 FTU kg level (weight gain
17 g and SGR 1.27). These values were significantly
(p<0.05) higher as compared to weight gain (13 g) and
SGR (1.04%) of fish fed on control diet (without phytase).

Table 3. Apparent crude protein (CP), crude fat (EE) and gross energy (GE) levels in the experimental diets

Experimental diets Phytase levels (FTU kg™) CP (%) EE (%) GE (kcal g)
Test diet I (Control diet) 0 32.994+0.17 8.05+0.09 3.56+0.12
Test diet 1T 300 32.89+0.17 8.08+0.05 3.61+0.11
Test diet IIT 600 33.20+0.36 8.03+0.06 3.61+0.07
Test diet IV 900 33.23+0.58 8.03+0.09 3.59+0.09
Test diet V 1200 32.84+0.53 8.01+0.11 3.59+0.13
Test diet VI 1500 33.59+0.35 8.02+0.05 3.57+0.06
Values are Mean+SD

Table 4. Composition (%) of apparent CP, EE and GE in faeces of C. catla fingerlings fed on experimental diets

Experimental diets Phytase levels (FTU kg') CP (%) EE (%) GE (kcal g)
Test diet I (Control diet) 0 16.92+0.17¢ 4.31+0.09¢ 1.80+0.04¢
Test diet 11 300 14.06+0.10° 3.75+0.05¢ 1.61£0.07<¢
Test diet 111 600 12.10+0.36° 2.44+0.12° 1.37+0.05°
Test diet IV 900 9.97+0.06° 1.69+0.12° 0.99+0.05°
Test diet V 1200 14.92+0.18¢ 3.16+0.16° 1.54+0.07°
Test diet VI 1500 14.24+0.27¢ 3.86+0.07¢ 1.6+0.08%

Values are Mean+SD

Means within same columns having different superscripts are significantly different (p<0.05)
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Minimum FCR (1.15) of fingerlings was found at 900
FTU kg followed by 600 FTU kg' (1.26). It was noted
that FCR values at these levels were significantly (p<0.05)
different from that of control diet and remaining levels of
phytase supplemented diets (Table 7). Highest (1.60) FCR

C. catla fingerlings as compared to the fish fed on
control diet (0 FTU kg' level). Maximum values of
WBCs (7.91x10° mm?), RBCs (3.02x10°® mm~) and
Hb (9.03 g 100 ml'") were noted in fish fed MOSM
based diet supplemented with 900 FTU kg' level of

was observed in fish fed on control diet (0 FTU kg™ level). phytase and were statistically (p<0.05) similar with the

fish fed at 600 FTU kg' level. On the other hand,
minimum values of WBCs (7.11 x10° mm=), RBCs

Phytase supplementation played a significant
(p<0.05) role in improving hematological indices of

Table 5. Apparent nutrient digestibility (%) of MOSM based diets fed to C. catla fingerlings

Experimental diets Phytase levels (FTU kg™) CP (%) EE (%) GE (%)

Test diet I (Control diet) 0 51.62+0.29¢ 49.47+0.91°¢ 52.62+0.61¢
Test diet 1T 300 60.002+0.32¢ 56.54+0.71¢ 58.46+0.87¢
Test diet 111 600 66.01+0.48° 71.63£0.99° 64.71+0.99*
Test diet IV 900 72.23+0.58* 80.45+0.80° 74.44+0.812
Test diet V 1200 56.31+0.47¢ 62.61+0.77¢ 59.32+0.78¢
Test diet VI 1500 60.13+0.17¢ 54.86+0.83¢ 53.68+0.89¢

Values are Mean+SD
Means within same columns having different superscripts are significantly different (p<0.05)

Table 6. Growth performance of C. catla fingerlings fed graded levels of phytase supplemented MOSM based diets

Test diet I (Control diet)  Test diet I1 Test diet 11T Test diet [V Test diet V Test diet VI

Growth parameters
Phytase levels (FTU kg')

0 300 600 900 1200 1500
W (g) 8.04+0.015 8.04+0.015 8.037+0.02 8.07+0.04 8.06+0.02 8.15+0.03
FW (g) 20.56:+0.09¢ 22.02+0.11¢ 25.24+0.16*  27.81+0.18" 23.49+0.22¢ 22.58+0.18¢
WG (g) 12.52+0.08¢ 13.98+.01¢ 17.20£0.17°  19.74+0.14° 15.43+0.21¢ 14.43£0.2¢
WG (%) 155.66+0.91¢ 173.77£1.29¢  214.06+£2.22° 244.57+1.37*  191.32+2.60¢ 171.17+£2.32¢
WG (fish' day') (g) 0.14+0.001¢ 0.16+0.001¢ 0.19+£0.002°  0.22+0.002° 0.17+0.002¢ 0.16+0.002¢
FI 0.22+0.002¢ 0.23+0.002° 0.244+0.003°  0.25+0.002° 0.23+0.002¢ 0.23£0.002<¢
FCR 1.60+0.005" 1.49+0.004¢ 1.26+0.004°  1.15+0.002° 1.36+0.01¢ 1.42+0.02¢
SGR 1.04+0.004¢ 1.12+0.01¢ 1.27+0.01° 1.37+0.004* 1.19£0.01¢ 1.13+£0.01¢

Values are Mean+SD (n=3)
Means within same columns having different superscripts are significantly different (p<0.05)
IW= Initial weight, FW = Final weight, WG = Weight gain, FI = Feed intake, SGR = Specific growth rate, FCR = Feed conversion ratio

Table 7. Hematological parameters of C. catla fingerlings fed MOSM based control and phytase supplemented test diets

o Test diet I (Control diet)  Test diet II Test diet 111 Test diet IV Test diet V Test diet VI

Hematological indices
Phytase levels (FTU kg™)
0 300 600 900 1200 1500

WBC (10°mm) 7.11%0.08¢ 7.30+0.07° 7.77+0.06* 7.91+0.08° 7.49+0.06° 7.34+0.06°
RBC (10°mm) 1.47+0.07¢ 1.80+0.06° 2.83+0.05° 3.02+0.05° 2.33+0.09° 1.82+0.14¢
Hb (g 100 ml") 7.11+0.09¢ 7.43£0.10d°  8.66+0.06° 9.03+0.12° 8.00+0.21¢ 7.51£0.09¢
PCV (%) 21.23+0.27¢ 22.02+0.16¢  23.83+0.09¢ 26.02+0.18° 29.04+0.36*  24.07+0.17¢
PLT 55.89+0.544 61.39£0.42¢  62.3240.22¢ 65.79+0.53° 67.89+0.39*  68.76+0.24°
MCV (fl) 104.32+0.96¢ 91.19+0.27"  182.67+0.26° 158.58+0.35¢  127.63+0.28¢ 201.43+0.29*
MCH (pg) 28.90+0.25¢ 25.60+0.32"  39.65+0.28° 46.85+0.36° 35.65£0.09¢  59.90+0.21¢
MCHC (%) 25.58+0.53¢ 27.74+0.24¢  33.84+0.12¢ 35.25+0.30° 28.53+0.31¢  37.31+0.29°

Values are Mean+SD (n=3)

Means within rows having different superscripts are significantly different (p<0.05)
WBC = White blood cells, RBC = Red blood cells, PCV = Packed cell volume, Hb = hemoglobin concentration, PLT = Platelet, MCV = Mean
corpuscular volume, fl = Femtoliters, MCH = Mean corpuscular hemoglobin, pg = Pictograms, MCHC = Mean corpuscular hemoglobin concentration
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(1.47x10° mm) and Hb (7.11 g 100 ml") were observed
infish fed on control diet without phytase supplementation.
The highest PCV (29.04%) and platelet (PLT, 63.95)
values were noted in fish fed at 1200 FTU kg™! diet followed
by values of 26.02 and 65.79%, respectively in fish fed
on 900 FTU kg level diet. MCH (59.90 pg) and MCHC
(37.31%) were highest in fish fed on diets supplemented
with 1500 FTU kg of phytase.

Discussion

According to the results of the current study, it was
found that addition of phytase in MOSM based diets was
useful for improvement in apparent digestibility coefficient
(ADC) of nutrients in C. catla fingerlings. Highest values
for ADC% of CP (72%), EE (80%) and GE (74%) were
found when fish were fed diet supplemented with phytase
at 900 FTU kg level . Similarly, Ashraf and Goda (2007)
observed that optimal level of phytase enzyme for highest
CP digestibility was 1000 FTU kg'. They also found that
ADC% of CP could not be further improved on higher
supplementation levels of this enzyme. Nearly similar
to our results, Hussain et al. (2015a) found higher CP
digestibility in C. mrigala fingerlings when fed soybean
meal based test diet supplemented with phytase at 1000
FTU kg level. Maximum CP digestibility was observed
in L. rohita fingerlings fed phytase supplemented soybean
meal based diet (Baruah er al, 2007a), cottonseed
and sunflower meal based diets (Hussain et al., 2011,
2015b) at 750 FTU kg'! level. In contrast, non-significant
(p<0.05) values of protein digestibility were reported after
phytase supplementation in plant meal based diets (Cheng
and Hardy, 2002; Yan and Reigh, 2002; Dalsgaard et al.,
2009). In another study, decreased CP digestibility was
found in Psetta maxima (turbot) fed phytase supplemented
rapeseed protein concentrate as compared to control diet
(Danwitz et al., 2016). Similar to present findings, Hussain
et al. (2014) found maximum EE and GE digestibility
at 1000 FTU kg! level when C. mrigala fingerlings
were fed soybean meal based diet. On the other hand,
750 FTU kg level was suggested as the most suitable
level of supplementation for higher fat digestibility in
L. rohita fingerlings (Baruah et al., 2007b). Higher EE
digestibility was found in Nile tilapia when fed on 1000 and
2000 FTU kg of phytase supplemented diets (Portz and
Liebert, 2004). Hydrolysis of chelated phytic acid resulted
in lower EE excretion in faeces that ultimately showed
higher utilisation of EE by fish fingerlings resulting
in higher digestibility (Hussain et al., 2014; 2015a,b).
In contrary, Dalsgaard et al. (2009) observed non-
significant (p<0.05) results of fat digestibility in
Oncorhynchus mykiss fed phytase supplemented soybean
meal based diets. However, decreased EE digestibility
was found in O. mykiss fed phytase supplemented soybean
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meal based diet. The probable reason for this reduction in
fat digestibility might be that the phytase supplementation
inhibited lipase activity which led to decreased lipase
hydrolysis efficiency for lipids, resulting in reduced lipid
digestibility (Wang et al., 2009).

Many researchers observed increased GE digestibility
values for L. rohita (Hussain et al., 2015a; 2016),
C. mrigala (Hussain et al., 2014), O. mykiss (Forster
etal., 1999) and Nile tilapia (Ashraf and Goda, 2007) when
fish were fed with phytase supplemented plant protein
based diet. Hussain et al. (2011) observed maximum
GE digestibility in L. rohita fingerlings when fish were
fed phytase supplemented canola meal based diet at
750 FTU kg!' level. According to another similar
study, highest ADC of GE was recorded at 1000
FTUkg' level which decreased on further increase
(1500 FTU kg) in phytase supplementation (Ashraf and
Goda, 2007). However, Lanari et al. (1998) noted that
there was no optimistic response in rainbow trout fed
phytase supplemented soybean meal based diets. They
argued that it was due to various nutritional factors, source
or type of phytase enzyme as well as source and amount of
phytic acid (Selle et al., 2000).

Presence of phytate in feed reduces fish growth
performance in terms of weight gain, FCR and SGR
(Spinelli et al., 1983). Maximum growth was observed
in fish fed on 900 FTU kg level of phytase in MOSM
based diet. Nearly similar results were found when
common carp fingerlings were fed with 800 FTU kg
supplementation in plant-meal based diet (Bai et al., 2003).
Nwanna et al. (2007) also found a significant (p<0.05)
increase in overall WG and WG% in C. carpio when
fed with diets supplemented with phytase at 750 and 1000
FTU kg' levels. In another study, positive results were
found by Hussain et al. (2015b), but on a slightly different
(750 FTU kg') level of phytase supplementation.
In contrast, non-significant (p<0.05) effect of phytase
supplementation was reported in case of O. mykiss
when fingerlings were fed phytase supplemented plant
meal based diets (Vielma er al, 2000). Similarly,
in contradiction to the present findings, many other
researchers did not observe any significant (p<0.05) effect
of phytase supplementation on fish growth performance,
when these fish species were fed with or without phytase
supplemented plant meal based diets (Robinson et al.,
2002, Baruah et al, 2007a, Lim and Lee, 2009, Wang
et al., 2009). This disparity in results for growth indices
may be linked with many factors such as types of feed
ingredients used, varying levels of phytase, processing
methods of feed, fish species, stomach pH and methods
used for feed drying (Wang ef al., 2009).
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Current study showed lowest FCR value (1.15)
and maximum SGR (1.37) in C. catla fingerlings fed
on 900 FTU kg phytase supplemented diet. Similar to
our results, Riche and Garling (2004); Ashraf and Goda
(2007) and Cao et al. (2008) observed maximum SGR and
lowest FCR values when O. niloticus were fed plant meal
based diets supplemented with phytase at 1000 FTU kg
level. On the other hand, maximum SGR in O. mykiss was
observed when they were fed on phytase supplemented
plant based diets at 500 FTU kg level (Forster et al.,
1999). In contrast to current findings, higher FCR values
for stripped seabass Morone saxatilis were observed when
fed with a higher dose (1300 FTU kg™') of phytase in plant
meal based diet (Hughes and Soares, 1998). Statistically
non-significant (p>0.05) difference was observed in
terms of growth performance when parrot fish were fed
on different plant meal based diets supplemented with
phytase at different levels (Lim and Lee, 2009). Activity
of phytase supplementation depends on the quantity of
phytate present in plant meal based diets, environmental
conditions, experimental fish species and source of
phytase enzyme (Kumar et al., 2011).

Toxic constituents present in fish feed can affect
the blood formation. Hematological parameters provide
important information in monitoring stress response of
fish and in the improvement of fish health (Hrubec et al.,
2000). As phytate chelates with iron, that is essential
for formation of RBCs, it can lead to lowered oxygen
carrying capacity of blood (Spinelli ef al., 1983). In the
present study, maximum values of WBCs, RBCs and Hb
were found at 900 FTU kg level phytase supplemented
MOSM based diet. Phytase supplementation is suggested
as a powerful stimulator of immune system in fish,
resulting in higher number of monocytes (macrophages)
and higher blood cell production in monogastric animals
(Ehsani and Torki, 2010). In contrary to present findings,
Baruah ef al (2009) found non-significant (p>0.05)
effects on RBCs, WBCs hematocrit and hemoglobin in
L. rohita fingerlings fed phytase supplemented (500 FTU
kg level) soybean meal based diet. They argued that fish
were fed a diet containing both phytase and citric acid,
which would have led to release of higher amount of Cu
and Fe from chelated phytate which resulted in improving
hematological para,eters of fish. Similarly, the values of
RBCs, WBCs and Hb were found higher in Cyprinus
carpio fed diets supplemeted at 500 FTU kg level of
phytase in soya protein based diet (Sardar ef al., 2007).
Encouraging results were found when phytase was used
in Gadus morhua (Atlantic cod) feed which resulted in
higher number of WBCs as compared to fish fed control
diet (Lazado et al., 2010). Hemoglobin (Hb) level in

fish fed phytase supplemented diet was slightly higher
than that of fish fed a diet without phytase, but was not
significantly (p<0.05) different from that of other dietary
treatments (Yoo and Bai, 2014).

Supplementation of phytase played a major role in
improving ADC of nutrients, growth performance and
hematological indices of C. catla fingerlings as compared
to control diet in the present study. Furthermore, it was also
found that 900 FTU kg is the optimum level of phytase
supplementation in MOSM based diet for the maximum

improvement in fish performance.
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