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ABSTRACT
Present trial was conducted to evaluate effects of probiotics on mineral absorption, haematology and
carcass composition of Oreochromis niloticus fingerlings fed canola meal-based diet. Six test diets were
prepared by using graded levels of probiotics (Protexin) such as 0, 1, 2, 3, 4 and 5 gKg-1 level in the canola
meal based diet. Triplicate tanks were used for each treatment and 15 fingerlings were stocked in each
replicate. Fingerlings were fed at the rate of 5 % of live wet weight. Plant meal based diets in the absence
of probiotics played negative effect on fish growth performance. Chromic oxide (1%) was added in the
diets as inert marker. It was noted that probiotics supplementation played a significant role in improving
absorption of minerals, carcass composition and haematology of fish. Higher mineral digestibility (Ca
76%, Fe 62%, Zn 57%, P 76%) and carcass composition (crude protein 17% and crude fat 10%) was
found in fish fed on 3 gKg-1 level of probiotics supplemented canola meal based diet. Whereas higher
ADC% of Na (75%), K (67%) and Mg (62%) were recorded by fish fed on 4 gKg-1 level of probiotics
supplemented canola meal based diet. Similarly maximum improvements in RBCs, WBCs and Hb as well
as higher mineral absorptions were recorded in fish fed on the said test diet. On the basis of these results
it was concluded that probiotics supplementation at 3 gKg-1 level in canola meal based diet is helpful for
maximum performance of Oreochromis niloticus fingerlings.

INTRODUCTION

A

quaculture is the fastest growing source of animal
protein. Aquaculture currently provides about half
of all the fish consumed globally (Bostock et al., 2010).
Feed primarily accounts for 50 to 60% of total cost in
fish culture (Essa et al., 2010). Fish meal (FM) is a major
protein source in aqua feeds for different fish species
because it is an excellent source of essential nutrients
such as indispensable amino acids, essential fatty acids
and a number of attractants (Dawood et al., 2015). The
fish meal prices are rising continuously from few decades
and are likely to increase more with continued increase
in demand (FAO, 2010). Consequently, restricted FM
supplies cannot meet longer to the needs of the expanding
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fish-feed industry (Bostock et al., 2010). The main
objective for most fish farmers is to produce high quality
fish feed at low cost. Plant proteins, which are usually
considered as low cost as compared to fish meal have
been utilized as a substitute in diets for fresh water fishes
(Hussain et al., 2015; Wang et al., 2015). Therefore, search
for the alternatives of fish meal have an international
research priority (Hardy, 2010; Kumar et al., 2010).
Hormones, ionospheres, antibiotics and some
salts were utilized as growth promoting feed additives
(Klaenhammer and Kullen, 1999). Use of probiotics (live
micro-organisms) in fish feed is helpful for higher fish
performance by improving nutrient digestibility (LaraFlores et al., 2013). Several studies have demonstrated
that the use of probiotics improves health of fish, disease
resistance and body composition (El-Haroun et al., 2006;
Lara-Flores et al., 2010, 2013). Several reports suggest that
probiotics supplementation can reduce the cost of culture
by improving the growth and feed utilizing efficiency of
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fish (Watson et al., 2008). When administered in suitable
amount, give benefits to the health of the host by improving
the balance of the micro-biota in the intestine (Verschuere
et al., 2000).
In aquaculture, canola meal is commonly used as
alternative source of protein instead of fish meal for
important fish species. Actual protein contents in canola
seed is 36-39% (Newkirk, 2009). Canola meal contains
similar amino acid profile like herring meal protein
whereas superior than soybean meal protein (Shafaeipour
et al., 2008). On the other hand, canola meal is also
economical as compared to fish meal and soybean meal
(Sajjadi and Carter, 2004). Canola meal was successfully
used in tilapia fingerling’s diet with positive effects on
overall fish performance (Higgs et al., 1989).
Tilapias are one of the most important freshwater
finfish cultured in the world and they represent more or
less 6% of total farmed fish production (FAO, 2010).
After carps and salmons, tilapia has become the third
most important fish in aquaculture. It is also famous
due to rapid growth, excellent performance in intensive
production systems, omnivorous eating habits and easy
feed acceptance (Boscolo et al., 2001; Furuya et al.,
2008). Less information is available for the formulation
of plan meal based diets with probiotics supplementation

for commercially important fish species. However, the
present study was conducted to discover the optimum
level of probiotics supplemented canola meal based diet
for improvement in minerals absorption, hematological
parameters and carcass composition of O. niloticus
fingerlings.

MATERIALS AND METHODS
The research was carried out to observe the effects
of probiotics supplementation on minerals absorption,
haematology and carcass composition of Nile tilapia
fingerlings fed canola meal based diet. The experiment was
conducted in the Fish Nutrition Laboratory, Department of
Zoology, Government College University, Faisalabad.
Fish and experimental conditions
O. niloticus fingerlings were obtained from
Government Fish Seed Hatchery, Faisalabad and kept in
V-shaped tanks for two weeks to acclimatize them with
experimental conditions. Before the start of feeding
trial, fingerlings were treated with NaCl (5g L-1) to make
sure that the fingerlings are free from ecto-parasites and
to prevent from further fungal infection (Rowland and
Ingram, 1991).

Table I.- Ingredients composition (%) test diets.
Ingredients
Protexin (probiotics) gKg-1
Canola meal
Fish meal
Wheat flour*
Rice polish
Fish oil
Vitamin premix**
Mineral premix***
Ascorbic acid
Chromic oxide

Test diet-I (Control)
0
50
15
11
13
07
01
01
01
01

Test diet-II
1
50
15
10
13
07
01
01
01
01

Test diet-III
2
50
15
9
13
07
01
01
01
01

Test diet-IV
3
50
15
8
13
07
01
01
01
01

Test diet-V
4
50
15
7
13
07
01
01
01
01

Test diet-VI
5
50
15
6
13
07
01
01
01
01

*Protexin was added at the cost of wheat flour; **each 100g of vitamin premix contained: Vitamin A, 2000,000 IU; Vitamin D, 400,000 IU; Vitamin
B1, 125 mg; Vitamin E, 160 IU; Vitamin B2, 2000 mg; Vitamin K3, 900 mg; Vitamin B6, 600 mg; Folic acid, 200mg; Vitamin B12, 3,000 mcg; Calcium
pantothenate, 3,000mg; Vitamin C, 1,000mg; Nicotinic acid, 10,000mg. ***each Kg mineral granules contains: Ca (Calcium), 155gm; Mn (Manganese),
2000mg; P (Phosphorous), 135gm; Cu (Copper), 600mg; Mg (Magnesium), 55gm; Co (Cobalt), 40mg; Fe (Iron), 1000 mg; I (Iodine), 40mg; Zn (Zinc),
3000 mg; Se (Selenium), 3mg.

Table II.- Chemical composition (%) of feed ingredients (dry matter basis).
Ingredients
Canola meal
Fish meal
Wheat flour
Rice polish

Dry matter
(%)
93.52
91.63
93.04
94.86

Crude protein
(%)
33.1
47.21
11.23
13.48

Crude fat
(%)
2.05
7.23
2.44
13.17

Crude fiber
(%)
6.39
1.19
3.09
12.70

Ash
(%)
6.47
21.56
3.16
11.09

Carbohydrates
(%)
49.84
18.14
76.86
45.97

Gross energy
(kcal g-1)
2.15
4.67
3.22
3.59
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During this acclimatization period, fingerlings were
fed on basal diet once daily to apparent satiation (Allan
and Rowland, 1992). Water quality parameters such
as temperature, pH and dissolved oxygen (DO) were
monitored on daily basis. Air pump was used to supply air
by capillary system through-out the experimental period.
Experimental design
Canola meal was used as test ingredient to formulate
six test diets supplemented with different levels (0, 1, 2, 3,
4 and 5 gKg-1) of probiotics (1g=2×109 CFU). One control
diet and five probiotics supplemented canola meal based
test diets were fed (for 70-days) to six fish groups stocked
in triplicate water tanks having 15 fingerlings in each.
Diets supplemented with probiotics were compared with
control diet to analyze minerals absorption, haematology
and carcass composition by using completely randomized
design (CRD).
Formulation of experimental diets and feeding protocol
for sample collection
The experimental feed ingredients were purchased
from local market and analyzed for chemical composition
following AOAC (1995) prior to formulation of the
experimental diet. Chromic oxide (1%) was added as inert
marker. In an electric mixer all ingredients were mixed
for 10 minutes and fish oil was gradually added during
mixing of diet. During this process 10-15% water was also
added to prepare suitable dough and pellets were formed
through pelleting machine (Lovell, 1989). All diets were
supplemented with respective probiotics level while
control diet was not supplemented. All the prepared diets
were dried and stored at 4°C until use. The fingerlings of
O. niloticus were fed at the rate of 5% of live wet weight
on their prescribed diet twice daily (morning 8:00 and
afternoon 14:00). After the feeding session of two hours,
the uneaten diet was washed from each tank by opening
the valves. The tanks were washed completely to remove
the particles of diets and refilled with water. Feces were
collected from the fecal collection tube of each tank by
opening the valves consequently for estimation of minerals
absorption. Fecal material of each replicated treatment
was dried in oven at 60oC, grinded and stored for chemical
analysis.
Mineral estimation
Diets and feces samples were digested in boiling
nitric acid and perchloric acid mixture (2:1) by following
standard methods (AOAC, 1995). After appropriate
dilution, mineral contents such as calcium (Ca), magnesium
(Mg), iron (Fe), zinc (Zn) and manganese (Mn) were
estimated using Atomic Absorption Spectrophotometer
(Hitachi Polarized Atomic Absorption Spectrometer,
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Z-8200). Calibrated standards for mineral estimation
were prepared from commercially available standards
(AppliChem® Gmbh Ottoweg4, DE-64291 Darmstadt,
Germany). The estimations of sodium (Na) and potassium
(K) were done through flame photometer (Jenway PFP-7,
UK). Phosphorus (P) was analyzed calorimetrically (UV/
VIS spectrophotometer) using ammonium molybdate as
reagent at 720 nm absorbance through standard methods
(AOAC, 1995). Chromic oxide contents in the diets and
feces were estimated after oxidation with molybdate
reagent by using a UV-VIS 2001 Spectrophotometer at
370nm absorbance (Divakaran et al., 2002). At the end
of the experiment minerals absorption was calculated
indirectly by using chromic oxide as inert marker. It was
calculated by using standard formula (NRC, 1993):
Absorption (%) = 100 -100 × (% marker in diet × %
nutrient in feces / % marker in feces × % nutrient in diet)
Chemical analysis of carcass composition
Three fish from each replicate were selected and
sacrificed for the analysis of carcass composition by
standard methods (AOAC, 1995). Gross energy in whole
body was determined with the help of oxygen bomb
calorimeter (Parr Instrument Co., Moline, USA). Moisture
contents were analyzed by using the oven drying at 105oC
for 12 h and crude protein (N × 6.25) by Micro Kjeldahl
apparatus. Crude fat were examined by petroleum ether
extraction method through Soxtec HT2 1045 system and
crude fiber as loss on ignition of dried lipid-free residues
after digestion with 1.25% H2SO4 and 1.25% NaOH.
Ash was determined by ignition at 650oC for 12 h in
electric furnace to constant heat (Eyela-TMF 3100). Total
carbohydrates were calculated by i.e.:
Total carbohydrates (%) =
100-(protein%+fat% crude fiber%+Ash)
Haematology
After 70 days of the experiment blood samples were
collected by selecting three fish from each tank and were
anesthetized with 150 mg-1 solution of tricane methane
sulfonate (Wagner et al., 1997). Blood was taken from
caudal vein of anesthetized fish using heparinized syringe
and then blood samples were taken to the Molcare Lab,
Department of Biochemistry, University of Agriculture,
Faisalabad, Pakistan for analysis of hematological indices.
Micro-hematocrit technique was used to determine
hematocrit by the help of capillary tubes (Brown, 1980).
Red blood cells (RBCs) and white blood cells (WBCs)
were counted with a haemo-cytometer with approved
Neubauer counting chamber (Blaxhall and Daisley, 1973).

1

2

3

4

5

Test diet-II

Test diet-III

Test diet-IV

Test diet-V

Test diet-VI

1.24±0.06

1.05±0.03
1.05±0.03

a

0.54±0.02a

0.55±0.04

0.54±0.02
1.25±0.07a

a

a

1.24±0.05

1.25±0.05

1.05±0.04

a

0.54±0.04

1.05±0.08a

a

a

a

a

1.24±0.09a

1.05±0.04a

0.55±0.02a

a

1.25±0.06a

1.04±0.07a

0.54±0.03a

K (%)

Na (%)

Ca (%)

0.07±0.004a

0.07±0.007
a

0.07±0.007
a

0.06±0.008
a

0.07±0.009a

0.07±0.005a

Fe (%)

0.097±0.003a

0.097±0.003
a

0.098±0.006
a

0.097±0.002
a

0.098±0.002a

0.098±0.004a

Zn (%)

0.09±0.006a

0.09±0.007
a

0.09±0.006
a

0.09±0.003
a

0.09±0.006a

0.09±0.004a

Mg (%)

2.24±0.07a

2.25±0.08
a

2.25±0.07
a

2.25±0.06
a

2.25±0.07a

2.24±1.10a

P (%)

0.00046±0.00006

0.00046±0.00004

0.00046±0.00003

0.00047±0.00007

0.00046±0.00005

0.00048±0.00007

Ba (%)

1

2

3

4

5

Test diet-II

Test diet-III

Test diet-IV

Test diet-V

Test diet-VI

0.60±0.02

0.43±0.03
0.36±0.02
0.29±0.02

b

b

b

0.24±0.01a

0.18±0.02

0.14±0.01

0.18±0.02

0.37±0.03bc

c

bc

0.45±0.02
0.59±0.04b

c

0.45±0.03
c

ab

0.7±0.05a

0.54±0.03a

0.23±0.01a
b

0.67±0.03ab

0.53±0.05a

0.27±0.02a

K (%)

Na (%)

Ca (%)

0.03±0.002ab

0.029±0.002
b

b

0.027±0.002

0.03±0.004
ab

0.04±0.05a

0.04±0.004a

Fe (%)

0.055±0.002a

b

0.049±0.002

0.047±0.002

bc

0.042±0.002

c

0.048±0.002bc

0.059±0.002a

Zn (%)

0.04±0.002

0.04±0.001b

b

0.04±0.002

b

0.04±0.002

b

0.05±0.004a

0.06±0.001a

Mg (%)

0.99±0.03a

0.82±0.05

b

c

0.58±0.027

0.83±0.02

b

1.01±0.03a

1.07±0.04a

P (%)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Ba (%)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0

1

2

3

4

5

Test diet-II

Test diet-III

Test diet-IV

Test diet-V

Test diet-VI

Probiotics levels
(gKg-1)

Test diet-I
(control)

Experimental
diets

56.81±0.99

63.47±0.73

60.62±0.95c

70.46±0.84b

76.42±0.95a

70.38±0.85

67.75±0.85b

74.55±0.97a

68.39±0.81b

57.29±0.89b

67.32±0.88a

66.48±0.83a

b

49.49±0.84c
c

54.31±0.95d

51.48±0.67c

53.57±0.89d

b

K (%)

Na (%)

61.31±0.96c

54.38±0.85d

Ca (%)

57.48±0.90c

60.30±0.94ab

61.57±0.87a

58.37±0.67

bc

46.66±0.83d

45.33±0.83d

Fe (%)

48.75±0.98c

54.81±0.91b

56.48±0.95b

60.61±0.97

a

55.31±0.83b

44.43±0.86d

Zn (%)

55.71±0.84b

61.53±0.90a

59.71±0.77a

56.42±0.91

b

46.15±0.98c

40.32±0.73d

Mg (%)

60.19±0.92c

67.49±0.84b

76.45±0.77a

66.72±0.99b

59.67±0.92c

56.45±0.83d

P (%)

Table V.- Apparent mineral absorption (digestibility - %) in O. niloticus fingerlings fed on canola meal based diet supplemented with probiotics.

0

Probiotics levels
(gKg-1)

Test diet-I
(control)

Experimental
diets

Ni (%)

0.00026±0.00002

0.00026±0.00003

0.00026±0.00003

0.00025±0.00003

0.00025±0.00002

0.00025±0.00001

Ni (%)

Table IV.- Analyzed mineral composition in feces of O. niloticus fingerlings fed on canola meal based diet supplemented with probiotics.

0

Probiotics
levels (gKg-1)

Test diet-I
(control)

Experimental
diets

Table III.- Analyzed mineral composition in canola meal based diet supplemented with probiotics fed to O. niloticus fingerlings.
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Wedemeyer and Yastuke (1977) method was used to
estimate hemoglobin (Hb). Whereas, mean corpuscular
hemoglobin concentration (MCHC), mean corpuscular
volume (MCV) and mean corpuscular hemoglobin (MCH)
were determined by using following formulae:
MCV = PCV / RBC × 10
MCH = Hb / RBC × 10
MCHC = Hb / PCV × 100
Statistical analysis
Data of mineral digestibility, carcass composition
and haematology of fish fed with control and test diets
were subjected to one-way analysis of variance (Steel et
al., 1996). According to Snedecor and Cochran (1991)
differences among means were compared by Tukey’s
Honestly Significant Difference Test and considered
significant at p<0.05. The CoStat computer software
(Version 6.303, PMB 320, Monterey, CA, 93940 USA)
was used for statistical analysis.

RESULTS
Current results showed that amount of minerals in
control and test diets was similar with each other, it shows
that all diets contain equal amount of minerals (Table
III). Whereas, minerals contents in feces of tilapia fed on
canola meal based diet supplemented with probiotics were
significantly different from each other (Table IV). It was
found that minimum amount of minerals such as calcium
(Ca), sodium (Na), potassium (K), iron (Fe), zinc (Zn),
phosphorous (P) and magnesium (Mg) were discharged
through feces at 2, 3 and 4 gKg-1 probiotics supplemented
canola meal based diet. On the other hand, higher minerals
were discharged through feces when fingerlings were fed
on control diet.
Results showed that different levels of probiotics in
canola meal based diet significantly increased mineral
absorption in O. niloticus fingerlings as compared to
control diet. Maximum mineral absorption values of Ca
(76%), Fe (62%) and P (76%) were observed in fish fed
on 3 gKg-1 level based diet that differed significantly when
compared to the fish fed on control and other levels of test
diets as shown in Table V. Whereas second higher values
(Ca 70%, Fe 60% and P 67%) were found in fish fed at 4
gKg-1 level based diet that were statistically similar (Ca
70%, Fe 58% and P 67%) with the values found in fish fed
on test diet III (2 gKg-1). It was found that highest Na (75%),
Mg (61%) and K (67%) were absorbed in fish body when
they were fed with 4 gKg-1 level based diet as compared
to the control and other test diets. In contrary to these,
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maximum Zn (61%) absorption was found in fingerlings
fed on 2 gKg-1 level based diet followed (56%) by fish fed
at 3 gKg-1 level of probiotics supplemented canola meal
based diet. On the other hand lowest mineral absorptions
values such as Ca 54%, Fe 45%, P 56% Na 54%, Mg 40%
and Zn 44% were observed when fingerlings fed on control
diet (without probiotics supplementation). In general,
maximum minerals absorption and lowest excretion was
found in fish fed 3 gKg-1 level based diet that confirms that
this level was optimum for the higher mineral absorption
and fish performance. On the other hand values of Ba and
Ni were recorded too much low in diets that they could
not be analyzed in feces as well as ADC% in O. niloticus
fingerlings.
Hematological indices of fingerlings fed canola meal
based diet supplemented with probiotics shown in Table
VI. Results showed that highest values of RBCs (3.17×106
mm-3), WBCs (8.18×103 mm-3) and PLT (68.7) were
recorded in fish fed with 3 gKg-1 level based diet followed
by (RBCs 2.99×106 mm-3, WBCs 7.94×103 mm-3 and PLT
66.6) fish fed with 4 gKg-1 level of probiotics supplemented
canola meal based diet. It was found that these values were
significantly different from the values found in fish fed on
control diet. On the other hand, lowest RBCs (1.86×106 mm3
) and WBCs (6.92×103 mm-3) were found in fingerlings
fed on test diet II (1 gKg-1 probiotics level). The lowest
PLT value (58.8) was found in fish fed on control diet. It
was also found that on higher concentrations of probiotics
(5gKg-1) supplementation, the values of WBCs and RBCs
could not be improved. Results of hemoglobin (Hb) showed
that the fish fed by 3 gKg-1 level based diet had highest
value (8.84 g/100 ml) as compared to fish fed on control
and other test diets. Second higher value (8.45 g/100 ml)
was noted when fish fed on 4 gKg-1 level based diet and it
was statistically similar with the values (8.35 g/100 ml)
observed in fish fed on test diet III (2 gKg-1). However,
lowest Hb (6.7 g/100 ml) was found in fish fed on control
diet. The highest values of PCV (26.5%), MCHC (34.7%)
and MCH (46.2pg) were found in fish fed on 3 gKg-1 level
based followed by PCV 25.5%, MCHC 34% and MCH
45pg from fish fed on 4 gKg-1 level based diet. These
values were significantly different from fish fed on other
diets i-e control, 1, 2 and 5 gKg-1 levels probiotics based
diets. Whereas lowest PCV (20.1%), MCHC (26.6%) and
MCH (31.6pg) values were observed in fish fed on control
diet (without probiotics supplementation). Results showed
that fish fed test diet III showed the highest value (194.4
fl) of MCV followed (180.5 fl) by fish fed on test diet IV.
This value was significantly different from other levels.
Lowest MCV value (99.5 fl) was found in fingerlings fed
on control diet.
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Table VI.- Analysis of haematological parameters of O. niloticus fingerlings fed on canola meal based diets
supplemented with probiotics (protexin).
Experimental Probiotics
diets
levels (gKg-1)
Test diet-I
0
(control)
Test diet-II
1
Test diet-III
2
Test diet-IV
3
Test diet-V
4
Test diet-VI
5

WBCs
RBCs
PLT
Hb
PCV
MCHC
MCH
MCV
103mm-3
106mm-3
(g/100ml)
(%)
(%)
(pg)
(fl)
7.00±0.13cd 1.74±0.07c 58.8±0.29f 6.7±0.16c 20.1±0.22e 26.6±0.29d 31.6±0.35d 99.5±0.36f
6.92±0.06d
7.77±0.16b
8.18±0.13a
7.94±0.10ab
7.30±0.13c

1.86±0.08c
2.55±0.09b
3.17±0.12a
2.99±0.14a
2.37±0.14b

61.7±0.24e
64.6±0.19c
68.7±0.32a
66.6±0.30b
63.6±0.19d

7.15±0.22c
8.35±0.19ab
8.84±0.27a
8.45±0.29ab
7.96±0.13b

21.5±0.32d
23.6±0.24c
26.5±0.36a
25.5±0.37b
23.3±0.27c

27.5±0.27c
32.5±0.42b
34.7±0.37a
34.0±0.33a
32.3±0.25b

32.4±0.28d
36.3±0.25c
46.2±0.25a
45.0±0.59b
37.2±0.56c

107.6±0.33e
194.4±0.41a
180.5±0.26b
168.6±0.34c
112.3±0.44d

RBC, red blood cell; WBC, white blood cell; PLT, platelet; Hb, hemoglobin; PCV, packed cell volume; MCHC, mean corpuscular hemoglobin concentration;
MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume. Means within columns having different superscripts are significantly different at
p<0.0. Data are means of three replicates.

Table VII.- Carcass composition of O. niloticus fingerlings fed on canola meal based diet supplemented with varying
levels of probiotics (protexin).
Experimental
diets
Test diet-I
(control)
Test diet-II
Test diet-III
Test diet-IV
Test diet-V
Test diet-VI

Probiotics levels
(gKg-1)
0

Crude protein

Crude fat

Ash

Gross energy Crude fiber

Moisture

13.67±0.22d

6.43±0.13c

5.61±0.19ab

1.16±0.14b

1.02±0.07ab

72.11±0.59a

1
2
3
4
5

14.84±0.44c
15.71±0.28b
17.09±0.32a
14.66±0.12c
13.31±0.18d

8.02±0.18b
8.45±0.23b
9.48±0.30a
7.92±0.61b
6.33±0.23c

5.40±0.11b
5.20±0.14bc
4.93±0.08c
5.35±0.22b
5.84±0.11a

1.34±0.08b
1.94±0.15a
1.79±0.23a
1.30±0.07b
1.08±0.09b

0.93±0.04b
1.11±0.09ab
1.06±0.07ab
0.96±0.09b
1.16±0.05a

69.47±0.43b
67.59±0.47c
65.65±0.05d
69.80±0.77b
72.29±0.22a

All values of means within columns are different significantly p < 0.05. Data values are mean ± standard deviation of three replicates.

The proximate composition (on wet basis) of O.
niloticus fingerlings fed on canola meal based diet
supplemented with varying levels of probiotics (protexin)
is shown in Table VII. Results showed that the fish fed by 3
gKg-1 level based diet have highest contents of crude protein
(17%) and crude fat (9.48%) as compared to fish fed on
control diet (protein 13.67% and fat 6.43). Second higher
level of crude protein (15.71%) and fat (8.45%) contents
in fish carcass were observed in fish fed on test diet III.
Maximum gross energy (1.94 Kcal g-1) was recorded in fish
carcass that fed on test diet III followed (1.79 Kcal g-1) by
fish fed on test diet IV (3 gKg-1) as compared to fingerlings
(1.16 Kcal g-1) fed on test diet I (control diet). On the other
hand the lowest values (protein 13.31%, fat 6.33% and
gross energy 1.08 Kcal g-1) were recorded in fish fed at 5
gKg-1 probiotics supplemented canola meal based diet. It
was noted that 3 gKg-1 level based diet is able to improve
the protein, fat and gross energy contents in fingerlings
as compared to control and other probiotics levels based
diet. Highest amount of crude ash (5.84%), crude fiber
(1.16%) and moisture (72.29%) was found in carcass of
fish that fed on canola meal based diet supplemented with

probiotics at 5 gKg-1 followed (crude ash 5.61%, crude
fiber 1.02% and moisture 72.11%) by fish fed on control
diet. It was also found that these values (crude ash 5.35%,
crude fiber 0.96% and moisture 79.80%) were statistically
at par with the values found in carcass of fish fed at 4 gKg-1
level based diet. On the other hand lowest amount of crude
ash (4.93%) and moisture (65.65%) was observed in fish
fed on test diet IV, whereas lowest crude fiber (0.93%)
contents were observed in fish fed on test diet II.

DISCUSSION
According to results fish fed at 3 gKg-1 level based
diet showed lowest discharge of minerals as compared to
fish fed control and other test diets whereas the highest
discharge was recorded when fish fed with 1gKg-1 level
based diet. Maximum mineral digestibility was observed
in fish fed at 3 gKg-1 level based diet as compared to
fish fed control and other test diets. Mostly published
research on the use of plant protein as a substitute of fish
meal in fish feeds has inattentive the inclusion of various
unconventional feeds stuff such as Palm kernel meal
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(Chen and Davis, 2002), cotton seed meal (Yue and Zhou,
2008), Faba beans (Azaza et al., 2009). However varied
result has been reported with different alternative plant
protein sources. Digestibility data of minerals such as
Ca, Na, K, Fe, Zn, P, Mg, Ba and Ni showed significant
difference when O. niloticus fingerlings fed varying
levels of probiotics supplemented canola meal based diet.
Similarly, Rodrigues et al. (2012) showed that mineral
contents such as Ca, P and Mg were absorbed maximum in
animals when fed with probiotics (Bifidobacterium longum
and Bifidobacterium longum) supplemented yacon flour.
Probiotics are live microorganisms, which have beneficial
effects on the host by modifying the host-associated or
ambient microbial community of the gastrointestinal tract
thus promoting better feed utilization and improving the
quality of its ambient environment (Verschuere et al,
2000). Although, the importance of probiotics in human
and animal nutrition is widely recognized, in recent years,
the role of probiotics in nutrition and health of certain
aquaculture species have also been investigated and
subject of reviews (Merrifield et al., 2010). It appears
that probiotics provide benefits by establishing favorable
microbial communities such as lactic acid bacteria and
Bacillus sp. in the gastrointestinal track which may alter gut
morphology and produce certain enzymes and inhibitory
compounds causing improved digestion and absorption of
minerals and nutrients (Verschuere et al., 2000). Several
studies have demonstrated that the use of probiotics
improves health of larval and juvenile fish, disease
resistance, growth performance and body composition,
however, the mode of action in fish species may vary
between farmed fish species cultured in freshwater and
marine environments. The effects of probiotics have been
linked to modulation of gut microbiota and establishment
of the beneficial microorganisms, higher specific and
total digestive enzyme activities in the brush-border
membrane which increases the nutrient digestibility and
feed utilization (Watson et al., 2008). Bongers and Heuvel
(2003) observed the effects of prebiotics on absorption
of minerals fed with probiotics supplemented plant meal
based diet. These variations in levels of probiotics used for
higher fish performance may be due to variant fish species,
diet composition, species of probiotics used in feed and
experimental conditions.
In aquaculture, fish hematology is gaining importance
due to its consequences in monitoring the fish health
(Hrubec et al., 2000). Douglass and Janes (2010) said that
WBC plays an important role in immune responses and
increases the ability of the animal to fight against infection.
RBCs count greater than 1.00 × 106 mm-3 is considered
optimum and show high oxygen carrying capacity of the
blood which is characteristic of fishes capable of aerial
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respiration and with high metabolic activity (Lenfant and
Johansen, 1972). The O. niloticus fingerlings showed the
highest number of RBCs (3.17×106 mm-3) and WBCs
(8.18×103mm-3) when they fed with 3 gKg-1 level based
diet whereas the minimum values (1.86×106 mm-3 and
8.18×103mm-3) were observed in fish fed on 1 gKg1
level based diet. Haematological parameters can be
used as an effective index to observe the physiological
and pathological changes in fish to detect the fish health
(Robertson et al., 2000). Similarly, Krishnaveni et al.
(2013) found higher RBCs in C. catla when fingerlings
fed on soybean meal based diet supplemented with
probiotics at the level of 3%. Similar to present results,
platelets count was increased with increasing level of
probiotics and resulted in an increase in the number of
thrombocyte, lymphocyte and hematocrit percentage in
tilapia after supplementation of probiotics (Martins et al.,
2008). in another study, similarly to present study WBCs
showed increasing trend from 1 to 3 gKg-1 level based
diet (Krishnaveni et al., 2013). Olalusi et al. (2014) found
that WBCs increases with increasing level of probiotics
while Salinas et al. (2008) reported the use of two different
bacterial strains such as L. delbrueckii lactis and B. subtilis
could be more effective for higher number of blood cells
than a mono-strain probiotic. According to present results
platelets count (68.7) was also higher with increasing level
of probiotics (up-to 3%) as reported by Krishnaveni et al.
(2013). They also found maximum PLT when C. catla
fingerlings fed with 3% probiotics supplemented soybean
meal based diet. Similarly, increase in the number of
thrombocyte, lymphocyte and hematocrit percentage was
also found in tilapia after supplementation of Enterococcus
sp. (Martins et al., 2008). In present study haemoglobin
(Hb), corpuscular haemoglobin concentration (MCHC)
and mean corpuscular haemoglobin (MCH) analysis
showed that the fish fed with 2, 3, and 4 gKg-1 level of
probiotics supplementation in canola meal based diet had
significantly highest values as compared to fish fed on
control and other test diets. Krishnaveni et al. (2013) found
higher Hb in C. catla fingerlings fed with 3% probiotics
supplemented soybean meal based diet. Similar to current
study, highest value (26.5%) of packed cell volume (PCV)
was noted in fish fed at 3 gKg-1 level based diet (Olalusi
et al., 2014). Krishnaveni et al. (2013) observed highest
MCV in fish fed at 3% level based diet.
The amino acid profile of canola meal is superior
to soybean meal protein (Thiessen et al., 2004). As the
principal and most expensive component in tilapia diets,
protein has received the most attention in nutritional
requirement studies. Tilapia needs continuous supply of
protein which is necessary for maintenance, growth and
reproduction (NRC, 1993). In the present study it was
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observed that the highest carcass values such as crude
protein (17%) and crude fat (10%) were found in fish fed
with 3 gKg-1 level of probiotics supplemented diet but
gross energy was found highest (1.94) in fish fed with
test diet supplemented with 2 gKg-1 level of probiotics.
But at higher levels of probiotics in canola meal based
diets showed decreased nutrient utilization in fish body.
However, Dhanaraj et al. (2010) observed improved
carcass composition (48% protein, 18% lipid and 23%
carbohydrate) of koi Carp (C. carpio) fingerlings fed at
0.5% of probiotics supplemented soybean meal based diet.
Whereas, Mazurkiewicz et al. (2005) found higher protein
(15%) and fat contents (3%) in C. carpio fingerlings when
they were fed on 1 gKg-1 probiotics supplemented soybean
meal based diet. Bagheri et al. (2008) found the maximum
protein values of carcass in O. mykiss fed at 3.8×109 CFU
g-1 level in plant meal based diet as compared to fish fed
on control and other test diets. El-Komy et al. (2014)
found highest crude protein in Nile tilapia fed 1 gKg-1
level of probiotics supplemented soybean meal based diet.
Present results were almost similar to Essa et al. (2010).
They found higher protein contents in fish fingerlings fed
at 107 CFU g-1 supplemented soybean meal based diet. In
contrary to these results higher fat contents were found in
fish fed with control diet as compared to fish fed on test
diets (Bagheri et al., 2008). Essa et al. (2010) also observed
highest lipid contents when Nile tilapia fed at 107 CFU
g-1 level of probiotics soybean meal based diet. Similar
with the present results it was observed that minimum
moisture contents were found in fish fed on 3.8×109 CFU
g-1 probiotics level based diet (Bagheri et al., 2008). Essa
et al. (2010) also found lowest moisture contents when
tilapia fed at 107 CFU g-1 probiotics supplemented soybean
based diet.

CONCLUSION
It was concluded that 3 gKg-1 level based diet is the
optimum level that has a significant role in improving
mineral absorption, hematology and carcass composition
of O. niloticus fingerlings.
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