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Abstract

The nutritional effects of Lactobacillus acidophilus (L) and Saccharomyces cerevisiae (S) on the major carps
were evaluated by comparative analysis. Material and Methods. The study was carried out in three replicates in
each of the control and treatment groups, trial lasted 9o days in total. Phase-I was done on C. carpio (G1) and L.
rohita (G2) for one month using S. cerevisiae and L. acidophilus. G1 includes LA1, LA2 and LA3 treatments and
control (C) group in triplicates while G2 have SC1, SC2 and SC3 treatments to investigate the influence of
different levels (0.15%, 0.30% and 0.60%) of probiotics. Phase II, was extended for 60 days on Labio rohita with
dosages @ (0.15%, 0.30%, 0.45%, 0.60%, 0.75%, 1.0 % of S. cerevisiae administered with basal fish feed to
examine growth, hematology, digestive enzyme activity, stress tolerance and survival rate. Better growth
performance indicated that the addition of L. acidophilus and S. cerevisae with basal fish feed was overall
significant but supplementation of S. cerevisae proved itself to be more effective for the substantial rise in the
growth performance (P<0.05; 0.01) as compared to the control. The survival rate during growth performance
was 100 %. S. cerevisiae promoted body crude protein, crude fiber, carbohydrate content, moisture, and ash in
all treatments in comparison with the control (C) group. Crude lipid was not significantly increased in any treated
group. Hematological parameters were significantly higher (RBC, HB, HCT, MCH, MCHC) in SC3 treatment
while MCV was observed minimum.
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Introduction

Aquaculture and Fisheries are progressively
increasing sector of food production across the globe.
Fishes proved significant species in aquaculture
industry as source of income and livelihoods (FAO,
2012, 2016; Addo, 2013). It will fulfil necessary
demand of reasonable source of protein for the
masses of developing countries like Pakistan (Welker
and Lim, 2011). Being a rich source of nutrients, fish
is essential for human health (Skonberg and Perkins,
2002). Among the teleost families cyprinidae family is
one of the biggest in the world, with approximately
1700 species and 200 genera found in most
freshwater ponds, lakes and rivers all over the world.
The common carp (Cyprinus carpio) and Indian carp
(Labeo rohita) are dominating species in freshwater
fish culture and later is essential food fish. They have
been widely used in farming as well-established

species by the turn of the 20th century.

There are limited studies reported on physiological
investigations of L. rohita including haematology
except for the earliest findings by Siddiqui and
Naseem (1979) and Maftuch et al. (2020).

Probiotics and prebiotic are feed additives or
microorganisms that affect the host organism by
producing inhibitory chemicals, enhancing microbial
balance, encouraging immunological action by
reducing the use of antibiotics and increasing natural
defense in fishes (Giiltepe et al., 2011; Amenyogbe et
al., 2020). Probiotics are used to avoid the side effects
of chemotherapeutic medicines by controlling
pathogens thus resulting in high survival rate
(Robertson et al., 2000). Antibiotics, hormones and
some salts are the growth-promoting additives that
are widely used to fulfill demand of animal protein for
human consumption (Lara-Flores et al., 2003). The
misapplication of these additives can lead to
adversative problems such as deposition of residues,
immunosuppression in cultivated fish species (Ellis et
al., 1988), production of resistant bacterial strains
and degradation in aquatic ecosystems (Rao et al.,
1992; Mohseni et al., 2012). Therefore, the only

alternative is the use of probiotic feed additives and
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probiotics are thus increasingly becoming an integral
part of aquaculture practices to attain high yield
(Mohapatra et al., 2014; Mohammadi et al., 2016;
Nazeer et al., 2016; Yasin et al., 2018).Various species
of  Lactobacillus, Bacillus, Saccharomyces,
Shewanella, Clostridium, Enterococcus, Leuconostoc,
Lactococcus, Aeromona and Carnobacterius are the
probiotics that are commonly used in the aquaculture

industry (Kim et al., 2010).

Lactic acid bacteria (LAB) are Gram-positive,
anaerobic and facultative bacteria that have low
pathogenicity and are widely dispersed in nature
(Klare et al., 2003; Aly et al., 2008; Yisa et al., 2015).
These bacteria normally reside in the gut of healthy
fish and are regarded as potential probiotics in
aquaculture. LAB generate antimicrobial substances
such as lactic acid that are adhesive to the mucosal
layer, which inhibits pathogen colonization in the

gastrointestinal tract (Chen et al., 2017).

Lactobacillus and Bacillus have been the subject of
several studies on the utilization of probiotics in the
diet. They have a significant impact on disease
resistance, general health and growth of various
species, including fish and shellfish (Liu et al., 2017).
Numerous probiotic strains, including Lactobacillus
acidophilus, B. licheniformis and B. subtilis have
been reported to exhibit antimicrobial and
immunomodulatory properties in the host animals
(Cutting, 2011) thus improve immune response and

survival rates (Lee et al., 2010).

Saccharomyces cerevisiae, known as baker's yeast, is
a well-known probiotic. It is a unicellular fungus that
is either injected or given orally in fish feed due to its
low cost (Tewary and Patra, 2011) to improve the
growth rate in culturing of tilapia and carp (He et al.,
2009; Korkmaz and Cakirogullari, 2011). In fish diets
yeasts can be used as a nutritional supplement as it is
a good source of protein and B-complex vitamins.
They can easily be produced on industrial scale using
various carbon-rich substrate by-products. In
aquaculture, several types of yeast, such as autolyzed

yeast or probiotic live yeast are used to make various
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feed additives (Ferreira et al.,, 2010). Different
immunostimulatory substances such as nucleic acids
and chitin-mannan oligosaccharides found in
Saccharomyces cerevisiae, have advantageous effects
on growth parameters, disease resistance and stress
tolerance in various fish and crustacean species

(Ringo et al., 2012; Ahmadi et al., 2017).

According to the study, fish haematological and
biochemical data can be utilized to identify healthy
animals from disease-infected animals and to
determine an organism's health status. Many authors
have discussed the impact of haematological
parameters in fish that are fed various types of diet
(Ahmadifar et al., 2020). However, there are limited
publications on use of probiotics, haematological
indices and the immunological response of fish
(Ahmadifar et al., 2020; Mani et al., 2021). The aim
of current study is to evaluate the effect of various
concentrations of probiotics on the nutritional
composition of final product (Fish), to analyze the
effect  of  Lactobacillus  acidophillus  and
Sacchromyces cerevisiae on the growth, body
composition, digestive enzymes activity and immune
responses of Labeo rohita and Cyprinus carpio and
how these

probiotics affected haematological

parameters.

Materials and methods

Experimental design and conditions

In the current study similar weight (10+1) g of
Cyprinus carpio and Labeo rohita were selected to
conduct the proposed study in fish research lab,
Department of Fisheries and Aquaculture, MNS

University of Agriculture, Multan.

Experiment design

There were three replicates in each of the control and
treatment groups in this research. The trial lasted 9o
days in total. The experiment was split into two parts:
Phase-I was done on both experimental fish species
Cyprinus carpio and Labeo rohita for one month (30
days) using both probiotic species Saccharomyces
cerevisiae and Lactobacillus acidophilus. Both

experimental fishes were divided into two groups, G1
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and G2, with equal body weights (10+1gm). Each

aquarium contained 12 fish samples.

G1 was divided into three treatment groups: LA1, LA2
and LA3 of the L. acidophilus and control (C) group
in triplicates, G2 was separated into three S.

cerevisiae treatment groups: SC1, SC2 and SC3.

The following was fed to all of the treatments:
LA1=basal fish feed + L. acidophilus @ 0.15 %;
LA2=Dbasal fish feed + L. acidophilus @ 0.30 %;
LA3=basal fish feed + L. acidophilus @ 0.60 %;
SCi=basal fish feed + S. cerevisize @ 0.15 %;
SC2=basal fish feed + S. cerevisiae @ 0.30 % and
SC3=basal fish feed + S. cerevisiae @ 0.60 %. The
control (C) group was fed with only basal diet.

In phase II, based on the improved findings of Phase
1, the trial was extended for another 60 days on Labio
rohita with varying dosages of S. cerevisiae,

depending on better benefits observed in Phase I.

This 60-day experiment was split into six treatment
and control groups, each of which was administered a
basal fish feed plus probiotic in triplicate @ 0.15% or
0.30% or 0.45% or 0.60% or 0.75% or 1.0 %,
respectively. Only the basal diet was provided to the
control (C) group. The effects of various amounts of
probiotic food supplementation on numerous
parameters such as growth, hematology, digestive
enzyme activity, stress tolerance and survival rate
were assessed. The components for fish feed were
purchased and the feed was prepared as Yasin et al.
(2018).

(Growth

Determination of nutritional

effects
performance)
Using electronic weighing machine (Uni Block

D450011585 AUW) the fish was weighed weekly.

IBW: Initial body weight, FBW: final body weight,
SGR: specific growth rate, FI: feed intake, FCR: feed
conversion ratio, PER: protein efficiency ratio, PPV:
protein productive value and survival rates were

measured by using the following equations:
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SGR = (InWr - InWi x 100) / t Where: In Wt = the
natural logarithm of the final weight, In Wi= the
natural logarithm of the initial weight, t = time (days)
between InWr and In Wi

FI = fish weight x feeding level/100, FCR = Feed
consumed/Weight gain, WG = FBW (g) - IBW (g),
PER = Weight gain (g)/protein fed (g), PPV =
(Protein gain (g)/protein fed (g) x 100.

Proximate analysis (Analytical method)

The proximate composition for experimental fish was
conducted by using the method of analyses adopted
by the Association of Official Analytical Chemists
(AOAC, 2005). Moisture contents of samples were
dried in 24 hrs at 67-70 °C through the Micro
Kjeldahl method adopted to determine Crude protein
(CP) and Kjeldahl distillation unit (UDK 127, Velp
Scientifica, Milano, Italy) and Soxhlet apparatus was
used to extract Crude lipid by adding petroleum ether
(60-80 °C). Muffle furnace (Hanau, Germany, model
M110) was used to detect ash content at 550 °C for 12
hrs.

Moisture (%)

To examine moisture content by oven drying method
(AOAC, 2005) 10 g of sample was kept at 67-70 °C in
an oven for 24 hrs. The formula used to determine the
moisture contents is: Moisture (%) = Loss in weight

(Wt) of sample/weight of sample x100.

Ash (%)

To determine the ash contents homogenized samples
of organic components of known weight were burned
with the help of a furnace. 2g sample was kept in in an
electric furnace (EHRET TK/L 4105) at 450 °C in pre-
weighed crucibles for 12 hrs until the formation of
white ash. The contents were calculated through
formula Ash (%) = weight (Wt) of ash/weight of

sample x 100

Crude protein (%)

% Nitrogen was calculated using Kjeltec machine
(Model Tecator Kjeltec System 8000). Samples were
broken down by adding a mixture of KiSOg:
FeS0,:CuSO, @ 100:5:10, respectively until the color
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was changed to green. These samples were diluted
with distilled water. In the distillation apparatus,
NaOH (10 ml), Methyl red indicator and 4% boric
acid (20 ml) was added with digested samples (10 ml
to collect free ammonia in a beaker) and the material
was titrated against H.SO,4 (0.04 N). To calculate
protein contents following formula was used: % of
Nitrogen = volume of H.SO,4 used x 0.0014 x volume
of dilution / volume of distillate x weight of sample x

100, % Crude protein = Nitrogen x factor (6.25).

Crude lipid (%)

To measure the fat contents a set of Soxhlet system
(Soxhlet extractor, thimble, flask, condenser and
heating mantle, Behr-lab, D40599) was used. The
flask was oven-dried (overnight at 60 °C) and a
sufficient amount of petroleum ether was added to it
as solvent. The sample (10 g) was kept in a thimble
plugged with cotton wool at the top and then
extractor was fitted with flask. It was fitted with the
condenser and heating mantle. Now flask was heated
and the extraction period was continued for 06 hrs
until the solvent was mildly boiled. Lastly, the
residual solvent was allowed to dry overnight in the
oven at 60 °C and retained in a desiccator to cool
down. To calculate fat contents following equation
was used: TS: weight of thimble with dried sample
(g), T: weight of thimble, S: weight of the dried
sample (g),S=TS-T

FE: weight of flask with ether extract, F: weight of
flask (g), EE: ether extracts (g), E: weight of ether
extract (g), E = FE — F, EF (g/kg DM) = E x 100/S

Crude fiber (%)

Crude fiber contents were measured by taking 2 g of
the sample and H-SO,4 (200 ml) 1.25 % was added in a
conical flask of 250 ml. After boiling for 30 minutes,
the solution was passed for filtration process through
the man filter paper. To the remaining filtrate 1.25 %
NaOH (200 ml). Now in a digestion apparatus it was
boiled for 30 minutes, filtered again and rinsed
repeatedly to make it neutral. To rinse the filtrate
distilled water was used and its neutralization was
confirmed by pH paper. For drying purpose, the

residues were shifted into a crucible and kept in an
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electric oven at 100 °C for some hrs. Then it was
placed in desiccator, allowed to cool and then
weighed. It was burned again, allowed to cool and
weighed. Following equation was used to estimate
crude fiber contents: Crude fiber (%) = (wt. of sample
+ wt. of crucible)/ wt. of sample x 100.

Carbohydrates (%)

By subtracting the total crude protein, fat and ash
contents from 100 Carbohydrate percentage was
calculated. Following equation was used to calculate
%: Carbohydrates (%) = 100 — (Fat + Crude Protein +
Ash)

Haematological parameters
After 30 days of experimental trials, five fish were
taken randomly from all aquariums for hematological

analysis (Standen et al., 2013).

Collection of the blood sample

During the experimental period blood samples were
collected from the caudal vein of both control and
probiotic-fed fishes randomly on weekly basis. The
syringes of 02 ml were flushed with EDTA
(Anticoagulant) and to avoid coagulation 150 to 200ul
of EDTA was kept in syringe needles before taking the
blood. The blood samples were transferred into

Eppendorf (1.5 ml capacity) and stored for analysis.

Haematological analysis

The blood samples were analysed used to calculate
Haemoglobin (HB %), Red blood cells count (RBCs
count) and Haematocrit (HCT %) (Dacie and Lewis
1975). Red Cell Indices like MCH, MCHC and MCV,
values were also calculated by the given formulae
(Britton, 1963). The blood samples were centrifuged
at 3000 r/mn for 15 min to get plasma for analysis
(Casas and Dobrogosz, 2000). Red Cell Indices were
calculated using following formulas were use (fl) =
Hct /RBC, MCH (pg) = Hb/RBC x 10, MCHC (g/dl) =
Hb/Hct x 100.

Digestive enzyme activities
After homogenizing digestive enzymes were extracted

from the gut hand held homogenizer was used and
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cooled phosphate buffer (pH 7.5) with the ratio of
1/10 (w/v) was poured in it, then it was subjected to
centrifugation at 4 °C and 5000 rpm for 5 min
(Huang et al. 1999; Yanbo and Zirong 2006). Protein
contents, protease, lipids and amylase enzyme
activitty were determined from the extracts. The
method of Lowry et al. (1951) was used to assess the
protein contents. While protease enzyme and amylase
enzyme activity were measured by adopting the
methods of Anson, 1938 and Smith and Roe, 1949.
The titrimetric method described by Essa et al. (2010)

was used to measure the lipase enzyme activity.

Immunological parameters

Stress resistance and survival rate

To check the survival rate and stress resistance after 60
days’ trials, the fish from all treatments were divided into
two subgroups and challenge test was performed. For
this purpose, the first subgroup was injected (IP) with
pathogenic A. hydrophila (0.1 mL of 107 cells/mL)
whereas, the second one as control group was
administered with saline (0.1 mL). Salinity stress
challenge test was also performed to determine stress
resistance following Soleimani et al. (2012). From all
aquaria, fish were divided in triplicate and then exposed
to 15ppt salinity and monitored on daily basis to check

the survival rate.

Basal feed preparation

The basal fish feed was prepared using the common
ingredients, Fishmeal (25.00%), Soybean meal
(6.09%), Corn starch (32.51%), Glutalys (10.00%),
Sunflower oil (3.80%), Lysamine pea protein
(10.00%), Vitamin-mineral premix (2.00%) and
CMC-binder (0.50 %) that were purchased from the
local market and its proximate chemical analysis was
carried out according to AOAC (2005). A paste or
semi-moist dough was made by mixing the
ingredients with boiled water, which was passed
through an electrical mincer to make pellets by
Kenwood Multi-processor and dried for a few days at
room temperature following crushing to make fine
particles. Further these particles were mixed with
proposed doses of probiotics at the time of feeding.

During the whole period of experiments feed was
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given twice a day (9.00 am and 4.00 pm each day) @
5% of body weight.

Statistical analysis

To evaluate the data from all parameters Two-way
ANOVA (analysis of variance) was used. The data was
provided as treatment mean + Standard deviation
and the variation of means across various groups
were examined for the significance at the 95%
confidence level. P < 0.05 were considered significant
using Duncan's multiple range test. Software package

(SPSS, version 17) was used for statistical analysis.

Results

Phase 1 (Thirty days trial)

Growth performance in 30 days’ trial on Labio
rohita

In the first 30 days trial, growth performance was
investigated by observing various parameters such as
initial body weight (IBW), final body weight (FBW),
weight gain (WG), specific growth rate (SGR), feed
intake (FI), feed conversion ratio (FCR), the protein
efficiency ratio (PER) and protein productive value
(PPV). Analysis of variance for growth performance
revealed a non-significant difference among
treatments and the control group for initial body
weight, a significant difference in final body weight
(P<0.05) and highly significant (P<0.01) differences
in specific growth rate, weight gain, feed intake,
protein efficiency ratio, feed conversion ratio and

protein productive value.

Growth performance was calculated after 7, 15, 21 and
30 days and survival rate of this trial was 100%. The
initial body weight of fishes was nearby to each other,
as in treatments LA1 (8.65+0.33g), LA2 (8.98+0.54g)

LA3  (9.09+0.12g), SC1
(8.85+0.75g) and SC3 (8.55+0.69g) and in the (C)

(8.94+0.58g), SC2

control (8.44+0.20g) respectively. Maximum final
body weight was observed in SC3, which was
23.97+0.14g and minimum final body weight was
20.07+0.12g in LA1 while final body weight was
observed 19.04+0.32g in the control (C) group. All
the treatments exhibited higher FBW as compared to
the control (C) group after 30 days. Maximum weight
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gain (WG) was observed 15.54+0.56g in SC3 and a
minimum of 11.02+0.49g in LA1, while in the control

(C) group it was noted 10.54+0.67g.

Specific growth rate (SGR) was observed maximum in
SC3 (2.04+0.25g) and the minimum in LA2
(1.43+0.21g) while it was 1.22+0.13g in the control
(C) group. Feed intake (FI) was observed maximum of
70.31£1.04g in SC3 and a minimum of 59.81+1.73g in
LA1 while it was observed 56.92+1.66g in the control
(C) group. Feed conversion ratio (FCR) was observed
maximum in LA2 (6.34+0.50g) and minimum in SC3
(5.66+0.55g), while in control (C) it was observed
5.55+0.30g. Protein efficiency ratio (PER) was
maximum in SC3 (0.90+0.13) and minimum in LA2
(0.63+0.21g) while in control (C) it was noted
0.61+0.21g. Protein productive value (PPV) was
observed maximum in SC3 (12.33+0.52g) and
minimum in LA2 (10.50£0.56g) while in control (C)

its ratio was observed 9.88+0.61g.

The overall result of the 30-day trial indicated that
IBW was approximately similar in control (C) and all
treatment groups. Final body weight was maximum in
SC3 and overall FBW was observed high in
treatments SC1, SC2 and SC3 fed with S. cerevisiae as
compared to the treatments LA1, LA2 and LA3 fed
with L. acidophilus. Weight gain was calculated
maximum in SC3 and it was observed that all
treatments fed with both probiotics have better
weight gain as compared to the control (C) group. In
the case of SGR maximum value was found in SC3
and better SGR was noted in all treatments fed with
probiotics as compared to control (C). Maximum feed
intake was 70.31+1.04g /fish in 30 days in SC3 while
FCR was observed Minimum in SC3 (5.66+0.55g).
PER and PPV were observed maximum in SC3 and
were increased significantly due to the probiotics in

experimental diets than control.

Growth performance in 30 days’ trial on Cyprinus
carpio

Trial for growth performance was investigated by
observing same parameters mentioned above for
Labeo rohita. Analysis of variance for growth

performance revealed a non-significant difference
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among treatments and the control group for initial
body weight. A significant difference in final body
weight was observed among the control group and
various treatments (P<0.05). Highly significant
(P<0.01) differences were observed in specific growth
rate, weight gain, protein efficiency ratio, protein
productive value, feed intake, feed conversion ratio
(Table 1, Fig. 1).

Growth performance was calculated and survival
rate of this trail was 100%. The initial body weight
values of fishes were close to each other, as in
treatments LA1 (7.35+0.23g), LA2 (7.08+0.24g) LA3
(8.01+0.02g), SC1 (7.84+0.57g), SC2 (7.75+0.65g)
and SC3 (7.66+0.59g) and in the (C) control
(7.54+0.70g) respectively. Maximum final body
weight observed was 21.07+0.44g in SC3, wand
minimum was 18.89+0.65g in LA1 while final body
weight was observed 18.23+0.22g in the control (C)
group. After 30 days, All the treatments exhibited
higher FBW as compared to the control (C) group.
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(WG) was
14.22+0.59g in SC3 and a minimum of 9.92+0.79g

Maximum weight gain observed
in LA1, while in the control (C) group it was noted
10.22+0.02g. Specific growth rate (SGR) was
observed maximum in SC3 (1.55+0.25) and the
minimum in LA2 (1.06+0.21) while it was 1.09+0.43
in the control (C) group. The maximum value
66.91+1.02g of Feed intake (FI) was observed in SC3
and a minimum of 54.71+1.63g in LA1 while it was
observed 55.62+1.76 in the control (C) group. Feed
conversion ratio (FCR) in LA2 was observed to be
maximum (5.22+0.30g) and minimum in SC3
(4.36£0.35g), while in control (C) has the value
5.25+0.10g. Protein efficiency ratio (PER) was
maximum in SC3 (0.65+0.13g) and minimum in
LA2 (0.51+0.11g) while in control (C) it was noted
0.55+0.03g. Protein productive value (PPV) has the
same trend as (PER) it was found to be maximum in
SC3 (10.93+0.42g)
(9.31+0.26g) while in control (C) its ratio was

and minimum in LA2

observed 10.05+0.31g.

Table 1. Treatment mean+SE of haematological analysis for 30 days trial in Cyprinus carpio

Means

Treatments

Control SC1 SC2

SC3 LA1 LA2 LA3

RBC 3.04+0.34B 3.23+0.05B  3.35+0.49B

3.34+0.090A  3.28+0.51B

3.52+0.090A  3.59+0.52A

HB 4.68+0.24C

4.87+0.25BC  4.86+0.25BC 5.23+0.44AB 4.88+0.38BC 4.97+0.17BC 5.87+0.61A

HCT 23.68+0.30A 23.95+0.48A 24.03+0.02A 24.47+0.58A 24.32+0.51A 24.37+0.55A 24.60+0.65A

MCV  8.49+0.79A  8.43+0.67A

8.48+0.75A  7.67+0.67A

8.36+0.84B 7.65+0.67B  7.62+0.64B

MCH 16.43+0.94A 16.59+0.75A 16.73+0.78 A 15.99+0.80AB 16.61+1.23A

15.62+£0.74B  15.99+0.50AB

MCHC 19.70+£0.73C  20.09+0.60BC19.99+0.54BC 20.96+0.93AB20.92+0.85BC20.83+0.82BC21.81+0.99A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters

represent comparison among interaction means and capital letters are used for overall mean.

Table 2. Treatment mean+SE of haematological analysis for 30 days trial in Labio rohita

Means

Treatments

Control SC1 SC2

SC3 LA1 LA2 LA3

RBC 3.24+0.54B  3.43+0.25B  3.55+0.69B

3.54+£0.20A  3.48+0.71B

3.72+0.20A  3.79+0.72A

HB 4.88+0.44C

5.07£0.45BC 5.06+0.45BC 5.43+0.54AB 5.08+0.48BC 5.07+0.37BC 6.01+0.81A

HCT 23.88+0.60A 24.95+0.68A 24.33+0.32A 24.57+0.78A 24.62+0.51A 24.87+0.75A 24.80+0.85A

MCV 8.60+0.80A 8.63+0.97A 8.68+0.85A

7.77£0.77A

8.56+0.94B 7.85+0.87B  7.82+0.84B

MCH 16.63+0.84A 16.89+0.85A 16.83+0.88A 16.09+0.90AB 16.71+0.23A

16.424+0.84B 16.09+0.60AB

MCHC 20.70+0.83C 21.29+0.80BC 20.09+0.74BC21.06+0.03AB 21.02+0.45BC 21.05+0.92BC 22.21+£0.99A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters

represent comparison among interaction means and capital letters are used for overall mean.

The overall result of the 30-day trial indicated that
the values of IBW was approximately same in control

(C) and all treatment groups. Final body weight was

observed high in all treatments with S. cerevisiae

while it was maximum in SC3 as compared to the
treatments LA1, LA2 and LA3 fed with L. acidophilus.
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It was observed that all treatments fed with both
probiotics have better weight gain as compared to the
control (C) group while it was observed maximum in
SC3 and same is the case of SGR, where maximum
value was found in SC3 and better SGR was noted in
all treated fish as compared to control (C). Maximum
feed intake was 66.91+1.02g /fish in 30 days in SC3
FCR was in SC3
(4.36+0.35g). The values of PER and PPV were also

while observed Minimum
observed maximum in SC3 and were increased
significantly due to the probiotics in experimental

diets.

Proximate analysis Labio rohita in 30 days trail

For proximate analysis, for moisture (P>0.05)
analysis of variance revealed a non-significant
difference among treatments and control (C) group. A
significant difference was observed in crude protein,
crude lipids and ash contents when compared
between various treatments and control (C) group
(P<0.05). Highly significant (P<0.01) differences

were observed in carbohydrates and crude fiber.

The outcomes of proximate analysis after 30 days’
trial described that the moisture contents were
maximum in SC3 (80.63+0.81) and minimum in
LA3 (77.07+0.53) in fish muscles while, these were
recorded (78.92+0.97) in the control (C) group.
Crude lipids were observed maximum in LA3
(25.67+0.55), and minimum in SC3 (21.53+0.36),
while it was observed 21.16+0.29 in the control (C)
group. The results were opposite for crude protein
contents that were maximum in SC3 while minimum
in LA2. The SC3 has maximum value of ash
contents and the minimum value was observed in
LA3, while the control (C) group had 16.7+0.93 ash
contents. For crude fiber, the maximum value was
observed in SC2 (3.04+0.29) while the minimum
value was noted in LA1 (2.02+0.16) whereas, in the
control (C) group its value was found 1.88+0.27.
Proximate analysis revealed the nutritional value of
carbohydrate was maximum in SC3 (5.24+0.18) and
minimum in LA1 (4.28+0.16) while, the control (C)

group has the value 4.02+0.01.
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After 30 days, the overall results of the proximate
analysis indicated that the yeast, S. cerevisiae
promoted the chemical composition of fish muscles as
compared to control (C) as well as L. acidophilus
treated groups and this significant change in
composition is due to inclusion of dietary probiotics.
The tested diets proved to increase significantly the
crude protein and other content, as compared to the

control (C) group, while crude lipid was decreased.

Proximate analysis Cyprinus carpio in 30 days trail
For proximate analysis, for moisture (P>0.05)
analysis of variance revealed a non-significant
difference among treatments and control (C) group. A
significant difference in crude protein, crude lipids
and ash contents were observed among various
treatments and control (C) group (P<o0.05). The
differences were highly significant (P<o0.01) for

carbohydrates and crude fiber.

After 30 days’ trial the results of proximate analysis
described that the moisture contents in fish muscles
were observed maximum in SC3 (76.03+0.61) and
minimum (74.07+0.53) in LA3 while, these were
recorded (773.32+0.27) in the control (C) group. It was
obvious from the results that crude protein contents
were recorded maximum in SC3 while minimum in
LA2. Crude lipids were
(21.37+0.25) in LA3,
(19.83+0.16), while in in the control (C) group, the

observed maximum

and minimum in SC3

value noted was 20.01+0.29. SC3 has maximum value
of ash contents observed and LA3 has the minimum,
while the control (C) group contains 16.08+0.33 ash
contents. In this study, the maximum value of crude
fiber was observed in SC2 (2.04+0.19) while the
minimum value was observed in LA1 (1.92+0.16)
whereas, in the control (C) group its value was found
1.78+0.17. Nutritional value of carbohydrate value
was found to be maximum in SC3 (5.2+0.28) when
proximate analysis was performed, and minimum in
LA1 (4.68+0.16) whereas, in the control (C) group its

value was found 3.22+0.17.

After 30 days, the overall results of the proximate

analysis indicated that the yeast, S. cerevisiae
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promoted the chemical composition of fish muscles as
compared to control (C) as well as L. acidophilus
treated groups and this significant change in
composition is due to inclusion of dietary probiotics.
The tested diets proved to increase significantly the
crude protein and other content, as compared to the

control (C) group, while crude lipid was decreased.

Hematological parameters in Labio rohita in 30
days trail

The analysis of variance showed a non-significant
difference between treatments and the control (C)
group for HCT (P>0.05). RBC and MCV levels were
found to differ significantly between the control (C)
group and the different treatments (P<0.05). In HB,
MCH and MCHC, very significant differences
(P<0.01) were found (Table 2, Fig. 1).
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Fig. 1. Comparative analysis of probiotics impact on
various haematological parameters in current study
in both experimental fish species Cyprinus carpio

and Labio rohita.

LA3 had maximum RBC (3.79+0.72) while minumum

count were in control (C) (3.24+0.54) and other
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treated groups. LA3 (6.01+0.81) had the highest HB,
whereas control (C) had the lowest (4.88+0.44). In
comparison to the control (C) group (23.88+0.60)
and other treated groups, the HCT was highest in SC1
(24.954+0.68). MCH, MCHC and MCYV values for Red
Cell Indices were also computed. The highest MCV
value was found in the control (C) group (8.69+0.89),
while the lowest value was observed in SC3
(7.77+£0.77). SC1 (16.89+0.85) had the highest MCH
value, while LA3 and SC3 (16.09+0.60 and
16.09+0.90) had the lowest. LA3 had the highest
MCHC value (22.21+0.99), while LA1 and SC2 had
the lowest (21.02+0.45 and 20.09+0.74 and the
control (C) group had the lowest (20.70+0.83).

During the 30-day trial, blood samples were obtained
at 0, 15 and 30-day intervals. SC2 (3.55+0.69) had a
substantially higher RBC count than control (C)
(3.24+0.54) and other treatment groups. LA3
(6.01+0.81) had the highest HB, whereas control (C)
had the lowest (4.88+0.44). In comparison to the
control (C) group (23.88+0.60) and other treatment
groups, the HCT was highest in SC1 (24.95+0.68).
MCV, MCH and MCHC values for Red Blood Cell
Indices were also computed. The SC3 group had the
lowest MCV values (7.77+0.77), whereas the control
(C) group had the highest (8.69+0.89). The highest
MCH value was found in SC1 (16.89+0.85), while the
lowest values were found in LA3 and SC3
(16.09£0.60 and 16.09+0.90), respectively). LA3
(22.21£0.99) had highest MCHC value while control
(C) group have 20.70+0.83 value. The RBC count,
HB, HCT and red blood cell indices all increased

significantly, which was a positive indicator.

Hematological parameters in Cyprinus carpio in 30
days’ trail

The analysis of variance indicated a non-significant
difference between treatments and the control (C)
group for HCT (P>0.05). RBC and MCV levels were
found to differ significantly between the control (C)
group and the different treatments (P<0.05). In HB,
MCH and MCHC, very significant differences
(P<0.01) were found. LA3 (3.59+0.52) had a higher
RBC count than control (C) (3.04+0.34) and other
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treated groups (3.04+0.34) (Table 1, Fig. 1). The
highest HB was found in La3 (6.31+0.12), while the
lowest was found in control (C) (4.68+0.24). In
comparison to the control (C) group (23.68+0.30)
and other treatment groups, the HCT was highest in
SC3 (24.47+0.58). MCH, MCHC and MCYV values for
Red Cell Indices were also computed. The largest
MCV value was found in the control (C) group
(8.49+0.79), while the lowest value was found in SC2
(16.73£0.78) had the highest MCH value, while LA2
and SC3 (15.62+0.74 and 15.99+0.80) had the lowest.
LA3 had the highest MCHC value (21.81+0.99) and
the lowest in SC2, whereas the control (C) group had
19.70£0.73.

During the 30-day trial, blood samples were obtained
at 0, 7, 15 and 30-day intervals. The RBC count was
considerably higher in La3 (3.59+0.52) compared to
the control (C) (3.04+0.34) and other treated groups.
The highest HB was found in La3 (6.31+0.12), while
the lowest was found in control (C) (4.68+0.24). In
comparison to the control (C) group (23.68+0.30)
and other treatment groups, the HCT was highest in
SC3 (24.47+0.58). MCV, MCH and MCHC values for
Red Blood Cell Indices were also computed. The
lowest MCV values were found in La3 (7.620.64),
while the highest value was found in SC2
(16.73+0.78). SC2 had the highest MCH value
(16.73+0.78), while LA2 and SC3 had the lowest
(15.62+0.74 and 15.99+0.80, respectively). SC3 had
the highest MCHC value (20.96+0.93), whereas the
control (C) group had the lowest (19.70+0.73). The
RBC count, HB, HCT and red blood cell indices all

increased significantly, which was a positive sign.

Digestive enzymes activity in Labio rohita in 30 days
trail

Analysis of variance for digestive enzyme activities of
protease after 30 days described a non-significant
difference in protein content of (P>0.05). In amylase
and lipase (P<0.05) significant differences in protein
contents were observed. There were highly significant
(P<0.01) differences in total and specific activities in
protease, amylase and lipase. According to our

results, maximum value 14.81+0.31mg/ml* of protein
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contents were in SC1i while SC3 has a minimum
13.72+0.19mg/ml2.Whereas, it was observed
13.46+0.22mg/ml in the control (C) group. The total
amylase (U ml?) and specific (U mg protein™)
amylase activities were found significantly higher in
L. rohita that were fed with different quantities of
dietary probiotic as compared to the control one that
were not fed with probiotics. The maximum
(41.65+0.56U/ml) total amylase activities were found
in SC3 and minimum was recorded in LA3
(30.38+0.82U/ml). The value observed in control
group was 33.24+0.75U/ml. The results for Specific
amylase activities showed the same trend as total
amylase. These were observed maximum in SC3
(5.49+£0.34U/mg) and minimum 4.04+0.25U/mg in
LA1, while in the control (C) group its value was
observed 3.71+0.26U/mg. When observed after 30
days’ trial Fish fed with S. cerevisiae showed the
highest total and specific protease activity while fish
fed with only a control (C) diet showed the minimum
value. Maximum  total  protease  activity
(7.17+£0.29U/ml) was recorded in SC3 and minimum
5.57+0.40U/ml in LA1, while in control group it was
observed 4.44+0.36U/ml. The specific activity has the
same trend it was observed maximum in SC3
(1.05+0.12U/mg) and lowest 0.90+0.22U/mg in LA1,
while it was recorded 0.62+0.41U/mg for the control
(C) group. Results indicated that the addition of
different probiotics in different doses enhanced the
total and specific activity of protease enzyme in L.
rohita also the total fatty acids liberated was
significantly higher as compared to the control diets.
The highest value of total fatty acids liberated were
observed in SC3 (5.34+0.40ml) than the total lipase
activities of all experimental treatments. Like lipase
enzyme, the values recorded in SC3 (0.95+0.33) for
specific lipase activity were higher than that of other

probiotic fed groups and control (C) group.

Digestive enzymes activity in Cyprinus carpio in 30
days trail

Analysis of variance for digestive enzyme activities of
protease after 30 days described a non-significant
difference in protein content of (P>0.05). In amylase

and lipase (P<0.05) significant differences in protein
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contents were observed. There were highly significant
(P<o0.01) differences in total and specific activities in
protease, amylase and lipase. According to our
results, the maximum protein contents were observed
13.13+0.31mg/ml in SC1 while they were a minimum
11.88+0.28mg/ml in SC3 and 12.03+0.42mg/ml in
the control (C) group. The total amylase and specific
amylase activities were found significantly higher in
Cyprinus carpio that were fed with different
quantities of dietary probiotic as compared to the
control one that were not fed with probiotics. The
maximum total amylase activities (38.55+0.46U/ml)
were found in SC3 while it was recorded minimum
(30.28+0.22U/ml) in LA3 and in the control (C)
group fed without probiotics, its value observed was
31.04+0.75U/ml. Specific amylase activities with the
same trend as total amylase has maximum observed
in SC3 (4.59+0.14U/mg), minimum 4.11+0.25U/mg
in LA1 and the control (C) group has observed value
as 3.81+0.16U/mg. When observed after 30 days’ trial
Fish fed with S. cerevisiae showed the highest total

and specific protease activity while fish fed with only
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a control (C) diet showed the minimum value. In SC3
maximum total protease activity was recorded
(5.17£0.19U/ml) and minimum 4.97+0.30U/ml was
recorded in LA1, while it was observed
4.04£0.26U/ml in the control (C) group. The highest
Specific activity (1.09+0.22U/mg) in SC3 was
observed and lowest 0.80+0.22U/mg in LA1, while it
was recorded 0.42+0.21U/mg for the control (C)
group. Results indicated that the addition of different
probiotics in different doses enhanced the total and
specific activity of protease enzyme in C. carpio also
the total fatty acids liberated was significantly higher
as compared to the control diets. The total fatty acids
liberated of C. carpio fed with supplementary
probiotic diet were significantly higher as compared
to the control (C) group that were given normal diet.
The highest total fatty acids liberated were observed
in SC3 (5.34+0.30ml) than the total lipase activities
of all experimental treatments. Like lipase enzyme,
the values recorded in SC3 (0.95+0.23) for specific
lipase activity were higher than that of other probiotic

fed groups and control (C) group.

Table 3. Treatment mean+SE of haematological analysis for 60 days trial in Labio rohita

Means Treatments

Control SC1 SC2 SC3 SC4 SCs SC6
RBC 3.84+0.78D  4.29+0.62C 4.90+£0.41C  4.57+0.48AB  4.63+0.74A  4.54+0.57BC  4.64£0.55C
HB 4.93+0.53D 5.46+0.61BC  5.48+0.60BC 5.62+0.55AB 5.86+0.56A 5.64+0.65BC 5.25+0.60CD
HCT 24.81£0.71A 24.63+0.70A  24.39+0.58A 24.71+0.57A 25.04+0.60A 25.08+0.65A 25.65+0.38A
MCV 7.20£0.55A  6.54+0.50B  6.20£0.31BC  6.10+0.39C  6.49+0.72BC  6.64+0.63B  6.51+0.49BC
MCH 14.59+0.08A 13.88+0.84ABC 13.81+0.73BC  12.63+0.51C  14.91+1.26AB 13.51+0.84ABC 12.87+0.58BC

MCHC 19.83£0.45D 21.70+0.90BC 21.83+0.93ABC 22.43+0.88AB 22.74+0.78A 21.81+0.73BC 20.82+0.74CD

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters

represent comparison among interaction means and capital letters are used for overall mean.

Phase 2 (Sixty days trial)
Growth performance in 60 days’ trial

60 days’ trial was conducted to evaluate the effect of
various levels of dietary supplementation of S.
a feed

performance of Labio rohita. In this trial growth

cerevisiae as supplement on growth
performance was examined by observing various
parameters such as initial body weight (IBW), final
body weight (FBW), weight gain (WG), feed intake
(FI), feed conversion ratio (FCR), specific growth rate
(SGR), protein efficiency ratio (PER) and protein

productive value (PPV). After 60 days’ trial analysis of

variance for growth performance revealed non-
significant differences among treatments and control
(C) group for initial body weight (P>0.05). In final
body weight; weight gain, feed intake, feed conversion
ratio specific growth rate, protein efficiency and
protein productive values, highly significant (P<0.01)

differences were observed.

The initial body weight of fishes was nearby to each
other, as in treatments SC1 (9.82+0.66g), SC2

(9.86+0.39g), SC3 (10.80+0.47g), SC4 (9.73+0.378),
SC5 (9.92+0.18g) and SC6 (9.88+0.41g) and in
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control (9.62+0.36g). Maximum final body weight in
SC3 after 60 days was observed which was
42.83+1.62g while minimum in SC4 which was
31.59+0.81g whereas, in control (C) group final body
weight was observed 28.83+1.47g. All the treatments
exhibited higher FBW compared to control (C) group
after 60 days. Maximum Weight gain (WG)
42.83+1.62g in 60 days was observed in SC3 and
minimum 31.59+0.81g in SC4 while in control (C) it
was observed 28.83+1.47g. Specific growth rate
(SGR) was observed maximum in SC3 (2.02+0.01)
and minimum in SC4 (0.85+0.12) while in control (C)
it remained 0.98+0.13. Maximum 235.88+3.64g
Feed intake (FI) was observed in SC3 and minimum
195.54%5.38g in SC4 whereas; in control (C) group
was observed 166.13+8.47g. Feed conversion ratio
(FCR) noted was maximum in SC4 (9.99+0.35),
minimum in SC6 (8.99+0.21) and in control (C)
group it was (8.03+0.13). Protein efficiency ratio
(PER) was maximum in SC4, SC5 and SC6
(0.88+0.12) and minimum in SC3 (0.42+0.21) while
in control (C) group it was observed (0.46+0.11). SC3
has maximum (7.44+0.22) Protein productive value
(PPV) and SC4 has minimum (6.98+0.21) while
control (C) has 6.14+0.20. After 60 days of trial

survival rate was observed 100%.

Over all outcomes of 60 days’ trial indicated that IBW
was approximately similar in all treatments and
control (C) groups. SC3 fed with 0.60% dose of S.
cerevisiae has maximum Final body weight. Weight
gain was calculated maximum in SC3 and it was
observed that all treatments fed with probiotics have
better weight gain as compared to control (C) group.
Better SGR was noted in all treated fish fed with
probiotics as compared to the control (C) and SGR
maximum value was found in SC4. Maximum feed
intake was 235.88+3.64g /fish after 60 days in SC6.
FCR was observed Minimum (8.99+0.21) in SC6.
PER was observed similar and maximum in three
treatments SC4, SC5, SC6 and was significantly
increased due to use of probiotic as supplement in
experimental diets as compared to the control (C)
group. PPV was maximum (7.44+0.22) in SC3 and

gradual increase was observed from control (C) to
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SC6 (Table 2). The survival rate in 60 days’

experiment was observed 100 %.

Proximate analysis after 60 days

Analysis of variance for proximate composition
analysis after 60 days revealed that significant
differences were observed among treatments and
control (C) group for moisture and crude protein
(P>0.05) whereas, highly significant differences were
observed in crude lipids, ash contents, crude fiber and

carbohydrates (P<0.01).

After 60 days the outcomes of proximate analysis
described that SC6 has the maximum (82.66+0.36 %)
moisture contents, it was observed minimum in SC3
(80.78+0.80 %). The results presented that moisture
contents were recorded 79.77+0.53 % in the control
(C) group. Results that protein contents were
maximum in SC6 while these were minimum in SC3.
Crude lipid was observed maximum in SC3
(23.42+0.61 %) and these were minimum in SCs
(21.2240.17 %) while in control (C) it was
21.60+0.38%. It was indicated from the results that
the maximum value of ash content was observed in
SC3 and minimum value was observed in SC5. In this
study, after performing experiments on fish the
maximum value (3.25+0.16 %) of crude fiber was
observed in SC3 and minimum value was observed in
SC5 (2.55+0.19) while in control (C) it was 1.66+0.15
%. After performing analysis on experimental fish, the
maximum (5.25+0.17 %) nutritional value of
carbohydrates was found in SC6 whereas it was
minimum in SC2 (3.44+0.36). In control (C) it was

observed 3.21+0.02 %.

The proximate composition analysis of fish muscles
indicated that by addition of dietary probiotics the
proximate composition was significantly changed. The
tested diets proved to increase significantly the selected
parameters of proximate compositions, including
moisture, ash contents, crude protein, crude lipids and
carbohydrates as compared to control (C) group. In
contrast, the groups fed with S. cerevisiae produced low
crude lipid so the value decreases for crude lipid content,

as compared to control (C) group.
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Hematological parameters in Labio rohita in 60
days’ trail

After 60-day trial, an analysis of variance for
hematological parameters revealed a non-significant
difference between treatments and the control (C)
group for HCT (P>0.05). RBC, HB, MCV, MCH and
MCHC which showed very significant (P<0.01)
differences. Initial readings for the hematological
parameters of Labio rohita at 0-60 days of the 60-day
experiment. All groups had RBC counts ranging from
3.84+0.78 t0 4.90+0.41, with SC2 (4.90£0.41) having
the highest and SC1 (4.29+0.62) having the lowest. In
the control group, the RBC count was 3.84+0.78
(Table 3, Fig. 1). SC4 had the highest HB (5.86+0.56)
and control had the lowest (4.93+0.53). The HCT of
the control (C) was found to be 24.81+0.71 while the
maximum was in SC6. The MCV, MCH and MCHC
Red Cell Indices were also computed; the highest
MCYV value was recorded in control (7.20+0.55) and
the lowest value was observed in SC3 (6.10+0.39).
SC4 had the highest MCH value (14.91+1.26) while
SC3 had the lowest (12.63+0.51). The maximum
MCHC value was computed in SC4 (22.74+0.78),
while the value in control was 19.83+0.45 (Table 3,
Fig. 1).

Digestive enzymes activity

Digestive enzymes extraction after 60 days

Protein content

According to present study results SC6 has
maximum (18.02 +0.25 mg/ml) protein contents
and SC4 has minimum (15.37+0.28mg/ml) while in
control (C) group it was observed 15.07+0.26mg/ml.
After 60 days, analysis of variance for digestive
enzyme activities described highly significant
difference in protein content of Amylase and
protease (P>0.01). Significant differences (P<0.05)
in protein contents of lipase were also observed
(P<0.05). Highly significant (P<o0.01) differences
were observed in total and specific activities in

protease, amylase and lipase.

Amylase activity
The total amylase (U ml?) and specific (U mg protein-

1) amylase activities were significantly higher in those
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Labio rohita which were fed with different levels of
dietary probiotic (S. cerevisiae) as compared to those
that received the control (C) diet. The maximum
(50.224+1.38 U/ml) total amylase activities were
observed in SC6 and minimum was observed in SC1
while it was recorded in the control (C) group fed with
control (C) diet. Specific amylase activities showed
the same trend with maximum in SC6

(7.32+0.20U/mg Protein) and minimum in
SC1(4.54+0.13U/mg) like total amylase. In control

(C) group it was observed 4.27+0.21U/mg Protein.

Protease activity

When observed after 60 days, Fish fed with S.
cerevisiae along with normal diet showed the
highest total and specific protease activity as
compared to fish fed with only control diet.
Maximum (7.88+0.16U/ml) total protease activity
was recorded in SC6 and it was minimum
5.66+0.22U/ml in SC1i while 5.33+0.21U/ml in
control (C) group. The highest Specific activity was
observed in SC6 (1.07+0.13U/mg Protein) and it
was recorded (0.69+0.11 U/mg Protein) in SCi
while for control (C) group it was noted
(0.54£0.11U/mg Protein). Results indicated that
addition of different probiotic in different doses
enhanced the total and specific activity of protease
enzyme in L. rohita as compared to the control
diet.

Lipase activity

L. rohita fed with supplementary probiotic along
with control (C) diet liberated significantly high
fatty acids as compared to control (C) group. The
SC6 (6.31+0.18ml) was observed with highest total
fatty acids liberated than the total lipase activities
of all experimental treatments. The minimum total
fatty acids liberated were observed as 4.77+0.15
(ml) in SC1 while it was 4.19+0.17 (ml) in control
(C) group. Like lipase enzyme similar pattern was
observed for Lipase specific activity, value recorded
for SC6 was higher (0.92+0.12) than that of other
treatments and control (C) group. It was recorded
minimum as (0.35+0.01U/mg Protein) in SC1 while

0.29+0.21U/mg Protein in control (C) group.
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Immunological parameters

Stress resistance and survival rate

Two subgroups of fish were made after 60 days’ trial, to
assess the stress resistance and survival rate of treated
and control (C) groups feed with various doses of S.
cerevisiae. IP (Intra Peritoneal) injection of 0.2 ml of
sterile saline was given to the first subgroup of each
treatment and control (C). At the end of the 60 days’
trial 20 fish were kept in each tank and subjected to
salinity stress challenge and up to 7 days survival rate
was observed daily. The second subgroup of each
treatment and control (C) group was inoculated IP with
pathogenic bacterial suspension A. hydrophila (0.2 ml
of 108x108 CFU ml*) and were observed for 7 days to
record the survival rate. The results in both subgroups
revealed group other then treatments which were
supplemented with different doses of S. cerevisiae
showed higher mortality rate. Analysis of variance for
stress resistance, blood total leucocytic count and
leucocytic differential count after 60 days described
highly significant differences (P<0.01) in lymphocyte,

monocytes and granulocytes.

Results of salinity challenge test revealed that after 7
days of post stress 85 % fish the control (C) group
died while of fish fed with probiotics showed
improved resistance against salinity stress challenge
(P<0.05). The highest survival rate (95 %) was
observed in the treatment SC5 supplemented by S.
cerevisiae, which was which was significantly higher
than all other treatments and control (C) groups
(P<0.05). In control (C) group, the survival rate was
observed 15 % which was minimum while in SC1, SC2,
SC3, SC4 and SCs it was observed as 70 %, 80 %, 85
%, 85 % and 80 %, respectively.

Results of challenge test with A. hydrophila revealed
that after 7 days of post stress 80% of experimental
fish were died in control (C) group while the other
fish treated with probiotics showed significant
resistance against bacteria (P<0.05). The maximum
survival rate (95 %) was detected in th SC6 which was
fed by S. cerevisiae, proved significantly higher than
all other treatments and control (C) groups (P<0.05).
In SC1, SC2, SC3, SC4 and SC6 the survival rate was
observed as 75 %, 85 %, 80 %, 90 % and 85 %,
respectively.
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After 60 days’ analysis of variance for stress
and Dblood

described non-significant

resistance Immunity parameters
in HCT
(P>0.05). Highly significant (P<o0.01) differences
were observed in RBC, HB, MCH, MCHC and MCV.

Hematological parameters were decreased slightly

differences

when observed after challenge test after 60 days’
trial as compared to the parameters observed after
growth performance trial before challenge test. This
may be due to the implication of bacterial or salinity
stress. The hematological parameters of Labio
rohita after challenge test are as follows. The RBC
count was observed highest in SC2 (4.90+0.41) as
compared to the control (C) (4.51£0.24) and other
treated groups. The maximum HB (5.86+0.56) was
recorded in SC4 and minimum (4.93+0.53) in
control (C) group. The HCT in control (C) group was
24.81+0.71. The Red cell indices like MCH, MCHC
and MCV were also calculated, minimum value
(6.10+0.39) for MCV was recorded in SC3 while in
control (C) it was observed 7.20+0.55. Maximum
MCH values (14.91+1.26) were recorded in SC3
group and minimum in SC1 (12.91£1.26). Maximum
MCHC value was calculated in SC4 (22.74+0.78)
while in control (C) it was 19.83+0.45.

After 60 days’ experiment showed total leucocyte

counts was increased significantly in group
supplemented with S. cerevisiae as compared to
control (C) group. It was observed maximum in SCs
(46.0+1.73) and minimum in SC1 (36.88+0.19) while
in control (C) group it was 33.62+0.89. Differential
leucocyte counts when observed indicated significant
increase in  monocytes, lymphocytes, and
granulocytes in treated groups (P<0.05) as compared
to control (C) which indicate improved immune
response. Results indicated that lymphocytes were
recorded higher (6.89+0.21) in SC5 and minimum
(4.12+0.13) in SC3 while in control (C) it was
3.88+0.20. Monocytes were also recorded higher in
SCs5 (3.66+0.14) and minimum in SC3 (3.06+0.14)
while in control (C) group it was 3.01+0.16. Higher
granulocytes (29.33+1.55) were observed in SC5 and
minimum in SC3 group (25.44+0.50) while in control

(C) it was 24.55+0.98.
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Discussion

In 30 days trial all treated fish fed with both
probiotics L. acidophilus and S. cerevisae had better
weight gain and significant differences (P<0.05) in
growth parameters like weight gain (WG), Specific
Growth Rate (SGR) were observed while Survival
Rate (SR %) remained constant. Our results were
similar to the results earlier reported where probiotic
diet supplementation resulted in better growth
performance and feed utilization than in controls and
also reduced the culture cost (Yanbo and Zirong,
2006; Adineh et al., 2013; Abumourad et al., 2014;
Mohammadi et al., 2016). These results were similar
for freshwater and marine fish species such as Nile
tilapia, O. niloticus and C. carpio (Wang and Xu,
2006), S. ocellatus (Li et al., 2005), P. olivaceus
(Taoka et al.,, 2006) and S. aurata (Avella et al.,
2010). Our results also coincided with Ang et al
(2013) and Mohapatra et al. (2012) where the mixture
of three probiotic bacteria Bacillus sp., Lactobacillus
sp. and S. cerevisiae were administered to L. rohita
fingerlings resulted in significantly higher growth
over other treatment groups. Our results were
contradictory to Aubin et al. (2005) and Li et al.
(2005) where the applications of probiotic P.
acidilactici did not improve weight gain. Similarly,
Giinther and Jiménez-Montealegre (2004) observed
that B. subtilis failed to improve growth in O.
niloticus. Yeasts in our present study also improved
the growth performance, FBW, SGR of fish as
reported by former workers in Nile tilapia and other
fish species (Tovar-Rami'rez et al.,, 2004; Taoka et
al., 2006; Pooramini et al., 2009; Essa et al., 2010).
According to Kafilzadeh et al. (2013) S. cerevisiae was
documented to have the potential effect to replace
fish meal for Nile tilapia (Korkmaz and Cakirogullari,
2011; Abdel-Tawwab et al., 2008), rohu (Tewary and
Patra, 2011) while no significant effects were observed
in case of Oscar fish (Kafilzadeh et al., 2013). The
difference in results from various studies depend on
intraspecific differences (Aubin et al., 2005), type and
method of adding S. cerevisiae to diet (Kafilzadeh et
al., 2013).

After 30 days, the overall results of the proximate
analysis indicated that the yeast, S. cerevisiae

promoted levels of body crude protein in
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experimental treatments in comparison with the
control group and L. acidophilus treated groups,
while the crude lipid was not significantly increased
in any specific group. The highest value of crude fiber
was recorded in SC2 which was fed with S. cerevisiae
compared to control and other experimental groups.
The highest carbohydrate was found in SC3 but it was
not statistically significant. The proximate
compositions analysis indicated that the compositions
were significantly changed by the inclusion of dietary
probiotics. The tested diets proved to increase
significantly the crude protein and other content, as
compared to control. In contrast, the decrease for
crude lipid content was observed because the S.
cerevisiae fed group produced low crude lipid in the
fish muscle as compared to control and other treated
groups. Our results are similar to the findings of EL-
Haroun et al. (2006), where significant improvement
in basic carcass biochemical constituents was
observed after feeding Biogen E. faecium, B. subtilis
and B. licheniformis (Merrifield et al, 2011), L.
acidophilus, S. faecium and S. cerevisiae (Lara-Flores
et al, 2003), B. subtilis, L. plantarum and S.
cerevisiae (Essa et al, 2010), Bacillus spp
(Seenivasan et al., 2012; Bagheri et al., 2008), L.
sporogenes (Seenivasan et al., 2012). Our results are
contradictory to the findings of Silva et al. (2015) who
described that Nile tilapia supplemented with
probiotics had no significant difference in proximate
analysis between treatment and control groups.
Similar results were found in Nile tilapia fed with
subtilis and B.

amyloliquefaciens reared in laboratory conditions

diets containing B. cereus, B.

(Reda and Selim, 2015). Similar results were
described by Noveirian and Nasrollahzadeh (2012),
there were no significant differences (P>0.05) in body
composition between the treatments which received
probiotic.

The moisture content and ash were recorded highest
in SC3 in our results that are similar to findings of
Ayoola et al (2013) who showed chemical
composition of African Catfish C. gariepinus after
feeding a probiotic diet, the data indicated that
moisture contents were found higher as compared to
control. The highest crude protein was recorded while

the lowest lipid contents were obtained in probiotic

202 | Yasinetal.



supplementation. Our results are contradictory to
Essa et al. (2010), where moisture content showed no
significant differences in experimental diets.
However, the body composition was improved i.e.
more deposition of protein and fat with less
deposition of moisture and ash. Therefore, it is
concluded that the chemical composition analysis
described by Soltan and Laithy (2008), Essa et al.
(2010), Pooramini et al. (2009) and Silva et al. (2015)

are highly similar to the present study.

Hematological parameters fluctuate due to the size,
age, physiological status, environmental conditions
and other parameters like quality and quantity of
dietary ingredients like protein sources, vitamins and
probiotics (Ayoola et al., 2013; Osuigwe et al., 2005).
The results of the present study showed significantly
higher RBCs count in 30 days’ trial as compared to
control and other treated groups. The present study
showed significant (P<0.05) results which showed
significant increase in the blood parameters of fish
treated with dietary supplements as compared to the
control group which is favorably similar with the
previous (Kumar et al., 2006; Marzouk et al., 2008;
Rajikkannu et al., 2015). The present study is also
similar to Marzouk et al. (2008), who reported a
significant increase in HB and RBCs values in fish
groups treated with S. cerevisae and B. subtilis while
a minor decrease was observed when probiotics
concentration was increased in the diet for rainbow
trout. Positive effects were represented by
Krishnaveni et al. (2013) with the significant increase
on the blood parameters of C. catla due to the
probiotics used which increased the blood parameter
values as a result of hemopiotic stimulation. All these
results indicated a positive effect shown by significant
increase in red cell indices, RBCs count, HCT% and
Hb which could be credited to the fact that, the
probiotics used as dietary supplement resulted in
hemopiotic stimulation and increased the blood
parameter values (Kamgar and Ghane, 2014).

Our results are opposite to the findings of Kumar et
al. (2006) and Ghodratizadeh et al. (2011) who fed B.
subtilis and S. cervisae to L. rohia and C. carpio and
effect of these

hematological parameters were

analogous probiotics on the

found, while
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Imanpoor and Roohi (2015) obtained positive results
after using Primalac probiotic in Caspian Roach (R.
rutilus). Silva et al. (2015) also did not observe
differences in hematological indices, red blood cells
(RBC) and hematocrit (HCT) value but he observed
higher hemoglobin level after using lower
concentrations of probiotics. This increase in
hemoglobin level was attributed to enhanced iron
absorption in the gut which increased the availability
of iron to produce hemoglobin in fish (Silva et al.,
2015). The present study did not agree with outcomes
of Giri et al. (2013) who fed L. plantarum to L. rohita
and Eissa and Abou-ElGheit (2014) who fed M. luteus
and P. fluorescens as probiotics to O. niloticus and

reported reduction in hematological parameters.

The results of the present study presented high levels
of amylase, protease and lipase in Labio rohita as
compared to control when fed with L. acidophilus and
S. cerevisiae which may be due to the use of
probiotics in the gastrointestinal tract. Similar results
had been described for other fishes by using different
probiotics (EL-Haroun et al., 2006; Essa et al., 2010).
Results of the present study also revealed that
different probiotics have a different effect on enzyme
activities as like previously described by Renuka et al.
(2013). The same results were also recorded by Yanbo
and Zirong (2006) for common carp, C. carpio fed
with Bacillus species. Ayo Olalusi et al. (2014)
described that lipase levels were better in C.
gariepinus fed with L. plantarum as compared to
control. A significant reduction in amylase (P<0.05)
was recorded in fish fed without probiotics as

compared to probiotic treated groups.

Amylase and lipase values were higher due to good
performance of the probiotic as described by present
study and also supported by various authors on
different fish species: E. coioides (Son et al., 2009), E.
bruneus (Harikrishnan et al., 2010) and O. niloticus
(Ngamkala et al., 2010). The results gained were not
in agreement with Salinas et al. (2005, 2008)
described that the use of two different bacteria L.
lactis and B. subtilis as single dose probiotics were
less effective than a double dose of that probiotics.
Therefore, this study revealed that the use of

probiotics increased digestive enzyme activity and
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resulted in an increase in the specific activity of
protease, amylase and lipase.

In phase 2, the study was carried out for 60 days to
evaluate the effects of S. cerevisiae on hemato-
biochemical, physiological, stress resistance and
of Labio rohita. The

with  probiotics has

growth  performance
supplementation shown
advantageous effects and resulted in higher growth
and feed utilization of fish species. Results of 60 days’
trial shown that the body weight and SGR was
increased in all treatments fed with S. cerevisae as
compared to control (C) group, all treatments fed
with probiotics have better weight. Similarly,
maximum feed intake and minimum FCR was
observed as compared to control (C) group. PER and
PPV were also gradually increased in treated groups
as compared to the control (C) group. The significant
differences (p < 0.05) in growth parameters like
weight gain (WG), Specific Growth Rate (SGR) were
observed while Survival Rate (SR%) remained
constant similar to the results reported by
Mohammadi et al. (2016). Survival rate in present
experiment was observed 100% due to maintenance
of good physio-chemical parameters. Our results are
similar to the findings of Abumourad et al. (2014);
Lara-Flores et al. (2003) and Bogut et al. (2000) who
reported significant increase in body weight of O.
niloticus by adding supplement Enterococcus
faecium to fish diet that improved nutrient
absorption and utilization. Our results are also in line
with the studies conducted by Ghosh et al. (2003);
Bairagi et al. (2004); Yanbo and Zirong (2006);
Adineh et al. (2013) where supplementation with
probiotic resulted in better growth performance and

feed utilization than in control (C) group.

In this study, the results of growth performance of
Labio rohita are in agreement with the findings of
Lara-Flores et al. (2003), who used S. cerevisae for O.
niloticus. and observed significant increase in growth
performance. Our results are also in line with the
findings of Ayoola et al. (2013) who described that
growth performance, specific growth rate (SGR),

protein efficiency ratio (PER), feed conversion ratio
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(FCR) and survival rates were significantly higher
(P<0.05) in fish treated with probiotic supplemented
diets. In our present study, yeast has improved the
Growth parameters, FBW and SGR of fish as reported
by former workers in tilapia and other fishes (Taoka
et al., 2006; Pooramini et al,, 2009; Essa et al.,
2010). Different results obtained from various studies
depend to intra specific differences (Lara-Flores et
al., 2003), type and method of adding S. cerevisiae to
diet (Tovar-Ramirez et al.,, 2002; Kafilzadeh et al.,

2013; Agboola et al., 2020).

Overall results of proximate analysis After 60 days’
trial, indicated that SC6 group showed high levels of
crude protein in treatments than control and other
treated groups while the crude lipid level showed the
highest value in control (C) group instead of any
treated group. The results of Pooramini et al. (2009)
are comparable with our results in all parameters like
crude protein, fat and ash contents ranged similar to
the chemical composition analysis of the carcass of
rainbow trout larvae. According to Ayoola et al
(2013) the data from chemical composition of African
Catfish Clarias gariepinus fed with probiotic diet,
indicated that moisture contents were comparatively
high as compared to control. The proximate
compositions observed in the current study is in line
with the previous study where significant changes in
the crude protein content, the highest was found in
probiotics fed groups as compared to the control. So,
probiotics additives increase more crude protein and
less lipid contents which proved good for food fish
(Wee, 1982) but body composition analysis showed
no significant differences between dietary groups
(Merrifield et al. 2011). Only crude protein and lipids
contents were comparable with current study while
only moisture and lipid contents are comparable in
the present study with Mian and Siddiqui (2014). Our
results are contradictory to the findings Noveirian
and Nasrollahzadeh (2012), who reported no
significant differences (P>0.05) in body composition
between the treatments which received probiotic. Our
results are also opposite to previously described work
by Diab et al. (2002); Lara-Flores et al. (2003);
Gafarian et al. (2007) and Mohamed et al. (2007).
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The results of the present study showed that RBCs
count, Hb %, Hct % were significantly higher in SC6
as compared to the control (C) group. The red cell
indices showed maximum RBCs count and minimum
MCYV value in SC6 after 60 days’ trial. Maximum
MCH and MCHC values were recorded in SC6 which
were fed with the probiotics as compared to control.
The significant (P<0.05) results of present study favor
the previous studies conducted by Rajikkannu et al.
(2015) and Firouzbakhsh et al. (2012). The present
study is also similar to Marzouk et al. (2008), who
found significant increase in RBCs and Hb values in
rainbow trout fish groups treated with S. cerevisae
while a minor decrease was observed when probiotics
concentration in diet for were increased. Our results
are not in agreement with Silva et al. (2015) who
reported no variations in red blood cells (RBC),

hematocrit (HCT) value and hematological indices.

Our results are in line with the studies conducted by
Kumar et al. (2006) and Ghodratizadeh et al. (2011)
who after feeding B. subtilis and S. cervisae to L.
rohia and C. carpio, reported a similar effect of
probiotics on haematological parameters. The results
of this study are comparable to those of Marzouk et
al. (2008), who showed a significant increase in RBCs
and HB values in fish fed with B. subtilis and S.
cerevisae. This increase in haemoglobin was caused
by increased iron absorption in the intestines, which
raised the amount of iron available for fish to
generate haemoglobin (Silva et al., 2015). The results
of the current study are contradictory to those of Abd
El-Rhman et al. (2009) who fed M. luteus and P.
fluorescens as probiotics to O. niloticus and reported

a reduction in haematological parameters.

According to Kamgar and Ghane (2014), adding B.
subtilis to rainbow trout feed had no effect on the rate
of hematocrit, haemoglobin, number of red blood
cells, MCV, MCH, and MCHC and similar results were
also obtained in previous studies (De Carla Dias et al.
2010).The current study proved that probiotics had a
positive effect, as evidenced by significant increases in
RBC count, HB percent, HCT percent and red cell
indices, which could be attributed to the fact that
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hemopiotic stimulation enhanced blood values

(Kamgar and Ghane, 2014).

By adding the probiotics in diet Digestive enzymes
like amylase, protease and lipase could be enhanced
(Ziaei-Nejad et al. 2006; Taoka et al. 2007; Wang,
2007; Gomez and Balcazar, 2008). This improvement
of feed utilization is attributed to improvement in
intestinal microbial biota which leads to improved
digestion of nutrients, better absorption quality and
higher enzyme activities (Lara-Flores et al., 2003;
Balcazar et al., 2006; Renuka et al., 2013). The results
of the present study when Labio rohita fed with S.
cerevisiae presented enhanced levels of amylase,
protease and lipase as compared to control due to the
use of probiotics in the gastrointestinal tract. Similar
results had been described for other fishes by using
different probiotics (Lara-Flores et al., 2003; Tovar-
Ramuirez et al., 2004; El-Haroun et al., 2006; Essa et
al., 2010). Similar results for common carp, Cyprinus
carpio fed with photosynthetic bacteria and Bacillus
species were also recorded by Yanbo and Zirong
(2006).

Results of present study are in line with the findings
of Soleimani et al. (2012) who assesed the digestive
enzyme activity in Caspian roach (Rutilus rutilus) by
using Fructooligosaccharide probiotic for 7 weeks and
found highest digestive enzyme activity. As compared
to probiotic treated groups there was significant
reduction in amylase (P<0.05) in fish fed without
probiotics. Amylase and lipase values were higher due
to good performance of the probiotic as described by
present study and also supported by various authors
on different fish species E. coioides (Son et al., 2009),
E. bruneus (Harikrishnan et al., 2010) and O.
niloticus (Ngamkala et al., 2010). Trial 2 (60 days’
trial) treated with S. cerevisiae have exhibited better
results for digestive enzyme (protease, amylase and
lipase) as compared to trial 1 (30 days’ trial) in which
L. acidophilus was used as probiotic which indicated
that S. cerevisiae had significantly enhanced the

digestive ability than that of trial 1.
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Salinity stress test is commonly used to estimate fish
quality or fitness after feeding them with probiotics
(Dimitroglou et al., 2010; Soleimani et al., 2012).
After 60 days’ trial Salinity challenge test after 7 days
of post stress indicated that 85 % fish died in the
control (C) group while the probiotic supplemented
diet significantly improved the resistance of fish fed
against salinity stress challenge (P<o0.05). The
maximum survival rate was noted in the treatment
SC6 (95 %) supplemented by Saccharomyces
cerevisiae (P<0.05) and was found significantly
higher than the control and other treatments. Some
previous studies conducted also revealed significant
increase against salinity stress resistance (Hernandez
et al., 2010; Varela et al., 2010) after feeding L.
acidophilus and L. lactis probiotics. Sheikhzadeh et
al. (2012) also reported similar results after dietary
supplementation of S. cerevisiae. The results of
challenge test with A. hydrophila after 60 days’ trial
80 % of experimental fish was died in control (C)
group after 7 days of post stress while the other
treatment fed with probiotics showed significant
resistance against bacteria (P<0.05). The maximum
survival rate was detected in the treatment SC6 (95%)
which was supplemented by S. cerevisiae, which was
significantly higher (P<0.05) than other treatments

and control (C) groups.

Shoemaker et al. (2006) observed significantly higher
reflection of immunity after challenging O. niloticus
with Streptococcus iniae. Previous studies revealed
that Nile tilapia provided better results against
challenge test with A. hydrophila. Similar results
were indicated by Taoka et al. (2006) in Nile tilapia
against Edwardsiella tarda and A. hydrophila.
Venkatesan et al., (2012) demonstrated that single
probiotic can also play effective role against bacterial
pathogens like Bifidobacterium sp. had higher
inhibitory effect against Salmonella sp. While Abd El-
Rhman et al. (2009) described that Pseudomonas did
not offer sufficient defense against A. hydrophila
challenge. Nayak (2010) described that there is need
to regulate the dose of any probiotic used for a
specific host because higher doses of Lactobacillus
rhamnosus

plantarum and Lactobacillus
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(Nikoskelainen et al,, 2001) were failed against
challenge in study of Oncorhynchus mykiss and high

mortality was observed.

Taoka et al. (2006) reported that the probiotics are
also effective to enhance fish immunity and resistance
against the infection of Edwardsiella tarda and other
bacteria (Eissa and Abou-ElGheit, 2014). Differential
leucocyte counts have also shown significant increase
in monocytes, lymphocytes and granulocytes in
treated groups (p< 0.05) as compared to control.
Results indicated that lymphocytes, monocytes and
granulocytes were recorded higher in SC6. Similar
results were observed in previous studies by various
researchers after using different probiotics where
improved immunological parameters were observed
(Ferguson et al., 2010). Few studies have described
that use of probiotics have the ability to eliminate the
pathogens by stimulating nonspecific immune
responses (Gomez and Balcazar, 2008; Ferguson et
al., 2010). Several researchers reported low mortality
rates and improved immunity when fed S. cerevisiae
to Cyprinus carpio (Mazurkiewicz et al., 2005;
Dehghan et al., 2011); Epinephelus coioides (Chiu et
al., 2010); Channa striatus (Dhanaraj and Haniffa,
2011); Oreochromis niloticus (Asadi et al., 2012) and
Cichlasoma trimaculatum (Mohammadi et al., 2016).
Markad and Rane (2015) reported Yeast S. cerevisiae
to be effective for better survival in the Zebra fish,
Danio rerio which coincides with the present study.
Chelladurai et al. (2013) reported infected groups of
fish challenged with A. hydrophila maintained on
probiotic diets produced Dbetter hematological
parameters than the control and the same findings

are observed in this study.

Conclusion

Growth performance indicated that the addition of L.
acidophilus and S. cerevisae in basal fish feed gave an
overall significant increase in weight gain, survival
rate, final body weight, PER and PPV. But
supplementation of S. cerevisae proved to be more
effective for substantial rise in growth performance.
In the case of SGR better value was noted in all

treatments fed with probiotics and FCR was observed
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minimum in treatments while PER and PPV were
increased due to supplementation of both probiotics
in experimental diets as compared to the control
group. The survival rate (%) during growth
performance trials remained constant and it was 100
%. The proximate compositions analysis indicated
that the body compositions were significantly
changed by the inclusion of dietary probiotics.
Proximate analysis revealed that S. cerevisiae
promoted the body crude protein, crude fiber,
carbohydrate content, moisture, and ash in all
treatments fed with S. cerevisiae in comparison with
the control (C) and L. acidophilus treated groups.
Crude lipid level showed opposite trend, it was not
significantly increased in any treated group. The
Hematological parameters indicated significantly
higher RBC, Hb, HCT while the Red Cell Indices
indicated maximum MCH, MCHC values in S.
cerevisiae treated SC3 as compared to the control (C)
group. MCV was the only blood parameter that was
recorded with minimum value in the treated group.
The present study showed significant (P<0.05) results
by increasing the blood parameters. Total leucocyte
increase, similarly

indicated highly

count showed significant

differential leucocyte counts
enhanced immune response with significant increase
in lymphocytes, monocytes and granulocytes in
treatments supplemented with S. cerevisae compared
to the control (C) group in Labio rohita. The digestive
enzymes (amylase, protease and lipase) activity
indicated that S. cerevisiae exhibited better results.
The results presented high levels of amylase, protease
and lipase in Labio rohita as compared to control
when fed with S. cerevisiae. When fish was given
controlled diet without probiotic significant reduction
in amylase (P<0.05) was recorded. The salinity
challenge test described that after 60 days trial, in 7
days of post stress 85% fish died in the control (C)
group while in the treatment groups the dietary
probiotic significantly improved the resistance
against salinity challenge test (P<0.05). The challenge
test with A. hydrophila indicated 80 % mortality of
fish in control (C) group after 7 days of post stress
while, the other treatments fed with S. cerevisae
showed resistance bacteria

significant against
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(P<0.05). The maximum survival rate was detected in
the treatment SC6 (95%) which was supplemented
with S. cerevisiae. Current project produced good
quality of fish after using different probiotics and is
beneficial to establish guidelines for the fisheries
sector about the use of different level of probiotics in
Pakistan. It is recommended that further research on
other fish species and probiotics should be conducted

in future.

References

Abd El-Rhman AM, Khattab YAE, Shalaby
AME. 2009. Micrococcus luteus and Pseudomonas
species as probiotics for promoting the growth
performance and health of Nile tilapia, Oreochromis
niloticus. Fish and Shellfish Immunology 27, 175—
180. https://doi.org/10.1016/j.fsi.2009.03.020

Abdel-Tawwab M, Abdel-Rahman AM, Ismael
NEM. 2008. Evaluation of commercial live bakers'
yeast, Saccharomyces cerevisiae as a growth and
immunity promoter for fry Nile tilapia, Oreochromis
niloticus (L.) challenged in situ with Aeromonas
hydrophila. Aquaculture 280, 185-189.
https://doi.org/10.1016/j.aquaculture.2008.03.055

Abumourad IMK, Kenwy MA, Ibrahim BT,
Hanna IM, Soliman WS. 2014. Enterococcus
faecium probiotic as a growth promoter and its
impact on the expression of the host innate immune
in cultured Oreochromis niloticus. Research Journal
of Pharmaceutical, Biological and Chemical Sciences
5(2), 17-47.
http://rjpbes.com/pdf/2014_5(2)/[207].pdf

Addo S. 2013. Effects of pre- and probiotics on pond
production, growth and disease susceptibility of
channel catfish Ictalurus punctatus and Nile tilapia
(Oreochromis niloticus). PhD dissertation, Auburn

University, 1-162.

Adineh H, Jafaryan H, Sahandi J, Alizadeh M.
2013. Effect of Bacillus spp. probiotic on growth and
feeding performance of rainbow trout (Oncorhynchus
mykiss) larvae. Bulgarian Journal of Veterinary

Medicine 16(1), 29—36.

207 | Yasinetal.



Agboola JO, Overland M, Skrede A, Hansen
J@. 2020. Yeast as major protein-rich ingredient in
aquafeeds: a review of the implications for
aquaculture production. Reviews in Aquaculture.

https://doi.org/10.1111/raq.12507

Ahmadi A, Mozanzadeh MT, Agh N, Bahabadi
MN. 2017. Effects of enriched Artemia with
Saccharomyces cerevisiae and Chaetoceros gracilis
on growth performance, stress resistance and fatty
acid profile of Litopenaeus vannamei post larvae.
International Journal of Fisheries and Aquatic

Studies 5(2), 669—673.

Ahmadifar E, Sadegh TH, Dawood MA, Dadar
M, Sheikhzadeh N. 2020. The effects of dietary
Pediococcus pentosaceus on growth performance,
hemato-immunological parameters and digestive
enzyme activities of common carp (Cyprinus carpio).
Aquaculture 516, 734656.
https://doi.org/10.1016/j.aquaculture.2019.734656
Aly SM, Abd-El-Rahman AM, John G,
Mohammed MF. 2008. Characterization of some
bacteria isolated from Oreochromis niloticus and
their potential use as probiotics in aquaculture.
Aquaculture Research 277, 1-6.

https://doi.org/10.1016/j.aquaculture.2008.02.021

Amenyogbe E, Chen G, Wang Z, Huang J,
Huang B, Li H. 2020. The exploitation of
probiotics, prebiotics and synbiotics in aquaculture:
present study, limitations and future directions: a
review. Aquaculture International 28(3), 1017-1041.

https://doi.org/10.1007/510499-020-00509-0

Anson ML. 1938. The estimation of pepsin, trypsin,
papain, and cathepsin with hemoglobin. Journal of
79—-89. DOI:

General Physiology 22

10.1085/jgp.22.1.79

AOAC. 2005. 16th ed., Association of Official
Analytical Chemists, Washington, DC.

2024

Arig N, Suzer C, Gokvardar A, Basaran F,
Coban D, Yildirnm S, Kamaci HO, Firat K,
Sahin Saka S. 2013. Effects of Probiotic (Bacillus
sp.) Supplementation during Larval Development of
Gilthead Sea Bream (Sparus aurata, L.). Turkish

Journal of Fisheries and Aquatic Sciences 13, 407—

414. https://doi.org/10.4194/1303-2712-v13_3_03

Asadi RM, Zakeri M, Yavari V, Mousavi SM.
Effect of different

supplementation of Saccharomyces cerevisiae on

2012. levels of dietary
growth performance, feed utilization and body
biochemical composition of Nile tilapia (Oreochromis
niloticus) fingerlings. Journal of Persian Gulf 3(9),

15—-24.

Aubin J, Gatesoupe FJ, Labbe L, Lebrun L.
2005. Trial of probiotics to prevent the vertebral
column compression syndrome in rainbow trout
(Oncorhynchus mykiss Walbaum). Aquaculture
Research 36, 758—767.

https://doi.org/10.1111/j.1365-2109.2005.01280.X

Avella MA, Gioacchini G, Decamp O, Makridis
P, Bracciatelli C, Carnevali O. 2010. Application
of multi-species of Bacillus in sea bream larviculture.
Aquaculture 305, 12—-19.
https://doi.org/10.1016/j.aquaculture.2010.03.029

Ayo Olalusi CI, Mojekwu T, Adeleke TA, Edah
B, Adejonwo MO, Adeyemi YB. 2014. Digestive
Enzymes Assay and Haematological Profile of Clarias
Probiotics
Plants &

gariepinus  Juveniles Fed  with

Supplemented Diets. Advances in

Agriculture Research 1(4), 1—5.

Ayoola SO, Ajani EK, Fashae OF. 2013. Effect of
Probiotics (Lactobacillus and Bifidobacterium) on
Growth Performance and Hematological Profile of
Clarias gariepinus Juveniles. World Journal of Fish
and Marine Sciences 5(1), 01—08.

Bagheri T, Hedayati SA, Yavari V, Alizade M,
Farzanfar A. 2008. Growth, survival and gut
microbial load of rainbow trout (Oncorhynchus
mykiss) fry given diet supplemented with Probiotic
during the two months of first feeding. Turkish
Journal of Fisheries and Aquatic Science 8, 43—48.

208 | Yasinetal.



Bairagi A, GhoshSarkar K, Sen SK, Ray AK.
2004. Evaluation of the nutritive value of Leucaena
leucocephala leaf meal, inoculated with fish intestinal
bacteria Bacillus subtilis and Bacillus circulans in
formulated diets for rohu, Labeo rohita (Hamilton)
fingerlings. Aquaculture Research 35, 436—446.
https://doi.org/10.1111/j.1365-2109.2004.01028.x

Balcazar JL, De-Blas I, Ruiz-Zarzuela 1,
Cunningham D, Vendrell D, Muzquiz JL. 2006.
The role of probiotics in aquaculture. Veterinary
Microbiology 114, 173—-186.
https://doi.org/10.1016/j.vetmic.2006.01.009

Bogut I, Milakovic Z, Brkic S, Novoselic D,
Bukvic Z. 2000. Effects of Enterococcus faecium on
the growth rate and content of intestinal microflora in
sheat fish (Silurus glanis). Veterinary Medicine-
Czech 45, 107-109.

Britton CJ. 1963. Disorders of the blood. 9th ed.
London, UK, Churchill.

Brunt B, Austin B. 2005. Use of a probiotic to
control lactococcosis and streptococcosis in rainbow
trout, Oncorhynchus mykiss (Walbaum). Journal of
Fish Diseases 28, 693—701.
https://doi.org/10.1111/j.1365-2761.2005.00672.X

Casas IA, Dobrogosz WJ. 2000. Validation of the
probiotic concept: Lactobacillus reuteri confers
broad-spectrum protection against disease in humans
and animals. Microbial ecology in health and disease
12(4), 247-285.
https://doi.org/10.1080/08910600050216246-1

Chelladurai G, Felicitta J, Nagarajan R. 2013.
effect  of
haematobiochemical and histopathology changes of

Protective probiotic  diets on
Mystus montanus (Jerdon 1849) against Aeromonas
hydrophilla. Journal of Coastal Life Medicine 1(4),
259—264. DOI: 10.12980/JCLM.1.2013¢1088

Chen CY, Chen SW, Wang HT. 2017. Effect of
supplementation of yeast with bacteriocin and
Lactobacillus culture on growth performance, cecal
fermentation, microbiota composition, and blood
characteristics in broiler chickens. Asian Journal of
Animal 30(2),
10.5713/ajas.16.0203

Sciences 211—-220. DOI:

2024

Chiu CH, Cheng CH, Gua WR, Guu YK, Cheng
W. 2010. Dietary administration of the probiotic,
Saccharomyces cerevisiae P13, enhanced the growth,
innate immune responses and disease resistance of
the grouper, Epinephelus coioides. Fish and Shellfish
Immunology 29, 1053—-1059.
https://doi.org/10.1016/j.fsi.2010.08.019

Cutting SM. 2011. Bacillus probiotics. Food
Microbiology 28, 214—220.

https://doi.org/10.1016/j.fm.2010.03.007

Dacie JV, Lewis SM. 1975. Practical haematology.
New York, Churchill Livingstone.

De Carla Dias D, de Stefani MV, Ferreira CM,
Franca FM, Ranzani-Paiva MJT, Santos AA.
2010. Haematologic and immunologic parameters of
bullfrogs, Lithobates catesbeianus, fed probiotics.
Aquaculture Research 41, 1064—-1071.
https://doi.org/10.1111/j.1365-2109.2009.02390.X

Dehghan M, Jafaryan H, Jamali H, Sahandi J,
Adineh H, Faramarzi M. 2011. Evaluation of growth
and survival rate of Artemia parthenogenetica fed with
microalgae (Isochrysis galbana and Chlorella vulgaris)
and bakery yeast (Saccharomyces cerevisiae). AACL
Bioflux 4(4), 463—468.

Dhanaraj M, Haniffa MA. 2011. Effect of
probiotics on growth and microbiological changes in
snakehead Channa striatus challenged by Aeromonas
African  Journal

hydrophila. of Microbiology

Research 5(26), 4601-4606.

Diab AS, EL-Nagar OG, Abd-El-Hady MY. 2002.
Evaluation of Nigella sativa L. (black seeds; Baraka),
Allium sativum (garlic) & Biogen as a feed additive on
niloticus

growth performance of Oreochromis

fingerlings. Canal

University 2, 753—754.

Veterinary Medicine, Suez

Dimitroglou A, Davies SJ, Sweetman J,
Divanach P, Chatzifotis S.

supplementation of mannan oligosaccharide on white

2010. Dietary
sea bream (Diplodus sargus L.) larvae, effects on
development, gut morphology and salinity tolerance.
Aquaculture Research 41, 245—251.
https://doi.org/10.1111/j.1365-2109.2010.02513.X

209 | Yasinetal.



Eissa N, Abou-El-Ghiet E, Shaheen AA, Abbass
A. 2010. Characterization of Pseudomonas species
isolated from tilapia (Oreochromis niloticus) in
Qaroun and Wadi-El-Rayan lakes, Egypt. Global
Veterinaria 5(2), 116—121.

EL-Haroun ER, Goda AM, Chowdhury MA.
Effect of

supplementation as a growth promoter on growth

2006. dietary  probiotic = Biogen
performance and feed utilization of Nile tilapia,
Oreochromis niloticus (L.). Aquaculture Research 37,
1477-1480.
https://doi.org/10.1111/j.1365-2109.2006.01584.x

Ellis AE, Stapleton KJ, Hastings TS. 1988. The
humoral immune response of rainbow trout (Salmo
gairdneri) immunised by various regimes and
preparations of Aeromonas salmonicida antigens.
Veterinary Immunology and Immunopathology 119,
153—164.
https://doi.org/10.1016/0165-2427(88)90006-2

Essa MA, EL-Serafy SS, El-Ezabi MM, Daboor
SM, Esmael NA, Santosh PL. 2010. Effect of
different dietary probiotics on growth, feed utilization
and digestive enzymes activities of Nile tilapia,
Oreochromis niloticus. Journal of the Arabian

Aquaculture Society 5(2), 143—161.

FAO. 2012. The State of World Fisheries and
Aquaculture. Rome. 209.

FAO. 2016. The State of World Fisheries and
Aquaculture: Contributing to food security and

nutrition for all. Rome. 200.

Far HZ, Saad CRB, Daud HM, Harmin SA,
Shakibazadeh S. 2009. Effect of Bacillus subtilis on
the growth and survival rate of shrimp (Litopenaeus
vannamei). African Journal of Biotechnology 8(14),
3369—3376.

Ferguson RMW, Merrifield DL, Harper GM,
Rawling MD, Mustafa S, Picchietti S, Balcazar
JL, Davies SJ. 2010. The effect of Pediococcus
acidilactici on the gut microbiota and immune status
of on-growing red tilapia (Oreochromis niloticus).
Journal of Applied Microbiology 109, 851-862.
https://doi.org/10.1111/j.1365-2672.2010.04713.X

2024

Ferreira IMPLVO, Pinho O, Vieira E, Tavarela
JG. 2010. Brewer's Saccharomyces yeast biomass:
characteristics and potential applications. Trends in
Food Science & Technology 21, 77—-84.
https://doi.org/10.1016/j.tifs.2009.10.008

Firouzbakhsh F, Mehrabi Z, Heydari M,
Khalesi MK, Tajick MA. 2012. Protective effects of
a synbiotic against experimental Saprolegnia
parasitica infection in rainbow trout (Oncorhynchus
mykiss). Aquaculture Research 45(4), 609-618.

https://doi.org/10.1111/j.1365-2109.2012.03261.X

Gafarian H, Soltani M, Abedian AM. 2007. The
influence of some of the probiotic Bacillus on feeding
efficiency and nutrient body composition of Beluga
(Huso huso) larvae. Journal of Agricultural Science

and Natural Resources 4, 35—47.

Ghodratizadeh S, Farhoudi M, Habibian R.
2011. Effects of addition of Saccharomyces cerevisiae
and Bacillus subtilis in diet on selected hematological
and biochemical parameters in common carp
(Cyprinus carpio). World Journal of Fish and Marine
Sciences 3(1), 96—99.

Giri SS, Sukumaran V, Oviya M. 2013. Potential
probiotic Lactobacillus plantarum VSG3 improves
the growth, immunity, and disease resistance of
tropical freshwater fish, Labeo rohita. Fish and
Shellfish Immunology 34, 660—666.
https://doi.org/10.1016/j.fsi.2012.12.008

Gomez GD, Balcazar JL. 2008. A review on the
interactions between gut microbiota and innate
of fish.
Microbiology 52, 145—-154.

immunity Immunology & Medical

https://doi.org/10.1111/j.1574-695X.2007.00343.X

Giiltepe N, Salnur S, Hossu B, Hisar O. 2011.
Dietary supplementation with
(MOS)

enhances growth parameters and digestive capacity of

mannanoligosaccharides from Bio-Mos
gilthead sea bream (Sparus aurata). Aquaculture
Nutrition 17(5), 482—487.
https://doi.org/10.1111/j.1365-2095.2010.00824.X

210 | Yasinetal.



Giinther J, Jiménez-Montealegre R. 2004.
Effect of probiotic Bacillus subtilis on feeding and
growth of tilapia (Oreochromis niloticus). Revista de

Biologia Tropical 52(4), 937—943.

Harikrishnan R, Balasundaram C, Heo MS.
2010. Lactobacillus sakei BK19 enriched diet
enhances the immunity status and disease resistance
to streptococcosis infection in kelp grouper,
Epinephelus bruneus. Fish and Shellfish Immunology
29, 1037-1043.

https://doi.org/10.1016/j.fsi.2010.08.017

He S, Zhou Z, Liu Y, Shi P, Yao B, Ringo E,
Yoon I. 2009. Effect of dietary Saccharomyces
cerevisiae fermentation product (DVAQUA) on
growth performance, intestinal bacterial community
and non-specific immunity of hybrid tilapia
(Oreochromis niloticus x O. aureus) cultured in
cages. Aquaculture 294, 99-107.

https://doi.org/10.1016/j.aquaculture.2009.04.043

Hernandez L, Barrera T, Mejia J, Mejia G,
Carmen DM, Dosta M. 2010. Effects of the
commercial probiotic Lactobacillus casei on the
growth, protein content of skin mucus and stress
resistance of juveniles of the Porthole livebearer
Poecilopsis  gracilis  (Poecilidae). Aquaculture
Nutrition 16, 407—411.

https://doi.org/10.1111/j.1365-2095.2009.00679.x

Huang F, Yan AS, Zhang GR, Zou GW. 1999.
The protease and amylase of Hypophthalmichthys
molitrix and Aristichthys nobilis. Journal of Fishery

Sciences of China 6, 14—17.

Imanpoor MR, Roohi Z. 2015. Influence of
Primalac probiotic on growth performance, blood
biochemical parameters, survival and stress
resistance in the Caspian roach (Rutilus rutilus) fry.
Turkish Journal of Fisheries and Aquatic Sciences 15,

917—-922,

Kafilzadeh R, Mousavi SM, Baboli BJ. 2013.
Effects of
(Saccharomycetes,

Saccharomyces cerevisiae
Saccharomycetaceae) on
Astronotus ocellatus as growth promoter and

immuno stimulant. AACL Bioflux 6(6), 587—598.

2024

Kamgar M, Ghane M. 2014. Studies on Bacillus
subtilis, as potential probiotics, on the hematological
and biochemical parameters of rainbow trout,
(Walbaum).
Applied & Environmental Microbiology 2(5), 203—

Oncorhynchus mykiss Journal of

207. DOI: 10.12691/jaem-2-5-1

Kim JS, Harikrishnan R,
Balasundaram C, Heo MS.

administration of Zooshikella spp. enhance the innate

Kim MC,
2010. Dietary

immune response and disease resistance of
Paralichthys olivaceus against Streptococcus iniae.
Fish Shellfish Immunology 29, 104—-110.

https://doi.org/10.1016/j.fsi.2010.02.022

Klare I, Konstabel C, Badstiibner D, Werner G,
Witte W. 2003. Occurrence and spread of antibiotic
resistances in Enterococcus faecium. International
of Food Microbiology 88,
https://doi.org/10.1016/S0168-1605(03)00190-9

Journal 269—290.

Korkmaz AS, Cakirogullari GC. 2011. Effects of
partial replacement of fish meal by dried baker’s yeast
(Saccharomyces cerevisiae) on growth performance,
feed utilization and digestibility in Koi carp (Cyprinus
carpio L., 1758) fingerlings. Journal of Animal and
Veterinary Advances 10(3), 346—351.

Krishnaveni R, Palanivelu K, Velavan S. 2013.
Effects of probiotics and spirulina supplementation
on haemato-immunological function of Catla catla.
International Journal of Research in Fisheries and
Aquaculture 3(4), 176—181.

Kumar R, Mukherjee SC, Prasad RP, Pal AK.
2006. Evaluation of Bacillus subtilis as a probiotic to
Indian major carp, Labeo rohita. Aquaculture
Research 87, 1215—1221.
https://doi.org/10.1111/j.1365-2109.2006.01551.X

Lara-Flores M, Olivera-Castillo L, Olvera-
Novoa MA. 2010. Effect of the inclusion of a
bacterial  mix

(Streptococcus  faecium  and

Lactobacillus  acidophilus), and the yeast
growth, feed

utilization and intestinal enzymatic activity of Nile

(Saccharomyces cerevisiae) on

tilapia (Oreochromis niloticus). International Journal
of Fisheries and Aquaculture 2, 93—101.

211 | Yasin et al.



Lara-Flores M, Olvera-Novoa MA, Guzman-
Méndez BE, Lopez-Madrid W. 2003. Use of the
bacteria Streptococcus faecium and Lactobacillus
acidophilus, and the yeast Saccharomyces cerevisiae
as growth promoters in Nile tilapia (Oreochromis
niloticus). Aquaculture 216(1-4), 193—201.
https://doi.org/10.1016/S0044-8486(02)00277-6

Lee DS. 2010. Packaging and the microbial shelf life
of food. Taylor and Francis Group, LLC, 55—74.

Li P, Burr GS, Goff J, Whiteman KW, Davis
KB, Vega RR, Neill WH, Gatlin DM. 2005. A
preliminary study on the effects of dietary
supplementation of brewers yeast and nucleotides,
singularly or in combination, on juvenile red drum
(Sciaenops ocellatus). Aquaculture Research 36,
1120-1127.

https://doi.org/10.1111/j.1365-2109.2005.01333.X

Liu H, Wang S, Cai Y, Guo X, Cao Z, Zhang Y,
Zhou Y. 2017. Dietary administration of Bacillus
subtilis HAINUP40 enhances growth, digestive
enzyme activities, innate immune responses and
disease resistance of tilapia, Oreochromis niloticus.
Fish & Shellfish Immunology 60, 326—333.
https://doi.org/10.1016/j.fsi.2016.12.003

Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ. 1951. Protein measurement with the Folin phenol

reagent. The Journal of Biological Chemistry 193,
265—275.

Luna-Gonzalez A, Quifiénez-Zuaiiiga D, Fierro-
Coronado JA, Gonzalez-Ocampo HA, Campa-
Cérdova AlI, Flores-Miranda MDC, Peraza-
Gomez V. 2013. Effect of Pediococcus parvulus and
Candida parapsilosis on growth and survival of tilapia,
Oreochromis niloticus and Oreochromis sp. African
Journal of Microbiology Research 7(23), 2976—2982.

Maftuch M, Andayani S, Risjani Y, Musa M,
Hertika AMS, Supriatin FE, Dailami M. 2020.
Improvement of teaching material and capacity
building on laboratory of aquaculture, fish disease
division, faculty of fisheries and marine science,
Universitas Brawijaya. Journal of Innovation and
Applied Technology 6(2), 1111—1117.
http://dx.doi.org/10.21776/ub.jiat.2020.006.02.15

2024

Markad A, Rane DM. 2015. Use of probiotics in
aquaculture. The International Journal of Science and
Technoledge 3(3), 1-6.

Marzouk MS, Moustafa MM, Mohamed NM.
2008. The influence of some probiotics on the growth
performance and intestinal microbial flora of
Oreochromis niloticus. Proceedings of 8th
International Symposium on Tilapia in Aquaculture,

Cairo, Egypt, 1059—1071.

Mazurkiewicz J, Przybyl A, Mroczyk W. 2005.
Supplementing the feed of common carp (Cyprinus
carpio L.) juveniles with BIOSAF probiotic. Archives
of Polish Fisheries 13(2), 171—180.

Merrifield DL, Bradley G, Harper GM, Baker
RTM, Munn CB, Davies SJ. 2011. Assessment of
the effects of vegetative and lyophilized Pediococcus
acidilactici on growth, feed utilization, intestinal
colonization and health parameters of rainbow trout
(Oncorhynchus mykiss Walbaum). Aquaculture
Nutrition 17(7), 3—9.

https://doi.org/10.1111/j.1365-2095.2009.00712.X

Mian J, Siddiqui PZJ. 2014. Effect of stocking
density and protein level on behaviour, survival,
growth rate, crowding status, stress response, food
consumption protein efficiency, and body
composition of hybrid (Oreochromis mossambicus
and Oreochromis niloticus) in saline environment.
International Journal of Fisheries and Aquatic

Studies 1(4), 72—78.

Mohamed HMH, Mansour HA, Farag MDH.
2007. The wuse of natural herbal extracts for
stability and
characteristics of irradiated ground beef. Meat

improving the lipid sensory
Science 87, 33—309.
https://doi.org/10.1016/j.meatsci.2010.06.026

Mohammadi F, Mousavi SM, Zakeri M,
Ahmadmoradi E. 2016. Effect of dietary probiotic,
Saccharomyces cerevisiae on growth performance,
survival rate and body biochemical composition of
three spot cichlid (Cichlasoma trimaculatum).
Aquaculture, Aquarium, Conservation & Legislation
9(3), 451-457.

212 | Yasin et al.



Mohapatra S, Chakraborty T, Prusty AK,
PaniPrasad K, Mohanta KN. 2014. Beneficial
effects of dietary probiotics mixture on hemato-
immunology and cell apoptosis of Labeo rohita
fingerlings reared at higher water temperatures. PloS
One 9(6).
https://doi.org/10.1371/journal.pone.0100929

Mohseni A, Murthy HS, Jayaraj EG, Shankar
R, Tejpal CS. 2012. Effect of brewer’s yeast
(Saccharomyces cerevisiae) on growth, survival and
immune response in Labeo rohita. Indian Journal of

Animal Sciences 82(7), 779—782.

Nazeer S, Bhatti EM, Begum I. 2016. Studies on
growth and immune response of Labeo rohita after
Lactobacillus

feeding acidophilus and

Saccharomyces cerevisiae.

Ngamkala S, Futami K, Endo M, Maita M,
Katagiri T. 2010. Immunological effects of glucan
and Lactobacillus rhamnosus GG, a probiotic
bacterium, on Nile tilapia (Oreochromis niloticus)
intestine with oral Aeromonas challenges. Fisheries
Science 76, 833—84o0.
https://doi.org/10.1007/s12562-010-0280-0

Nikoskelainen S, Ouwehand A, Salminen S,
Bylund G. 2001. Protection of rainbow trout
(Oncorhynchus mykiss) from furunculosis by
Lactobacillus rhamnosus. Aquaculture 198, 229—236.

https://doi.org/10.1016/S0044-8486(01)00593-2

Noveirian HA, Nasrollahzadeh A. 2012. The
effects of different levels of Biogen probiotic additives
on growth indices and body composition of juvenile
common carp (Cyprinus carpio L.). Caspian Journal
of Environmental Sciences 10(1), 115—121.

Oliva-Teles A, Gongcalves P. 2001. Partial
of fishmeal

(Saccharomyces cerevisiae) in diets for sea bass

replacement by brewer’s yeast
(Dicentrarchus labrax) juveniles. Aquaculture 202,
269—278.
https://doi.org/10.1016/S0044-8486(01)00777-3

2024

Osuigwe DI, Obiekezie AI, Onuoha GC. 2005.
Some haematological changes in hybrid -catfish
(Heterobranchus longifilis x Clarias gariepinus) fed
different dietary levels of raw and boiled jackbean
(Canavalia ensiformis) seedmeal. African Journal of

Biotechnology 4(9), 1017-1021.

Pooramini M, Kamali A, Hajimoradloo A,
Alizadeh M, Ghorbani R. 2009. Effect of using
yeast (Saccharomyces cerevisiae) as probiotic on
growth parameters, survival and carcass quality in
rainbow  trout

(Oncorhynchus  mykiss) fry.

International Aquatic Research 1, 39—44.

Rajikkannu M, Natarajan N, Santhanam P,
Deivasigamani B, Ilamathi J, Janani S. 2015.
Effect of probiotics on the haematological parameters
of Indian major carp (Labeo rohita). International
Journal of Fisheries and Aquatic Studies 2(5), 105—

109.

Rao KG, Mohan CV, Seenappa D. 1992. The use
of chemotherapeutic agents in fish culture in India.
Diseases in Asian Aquaculture. 505—514. (Eds) Shariff
IM, Sbasinghe RP, Arthur JR. Fish Health Section,
Asian Fisheries Society, Manila, Philippines.

Reda R, Selim K. 2015. Evaluation of Bacillus
amyloliquefaciens on the growth performance,
and body

composition of Nile tilapia, Oreochromis niloticus.

intestinal morphology, hematology
Aquaculture International 23, 203—217.

https://doi.org/10.1007/510499-014-9809-z

Renuka KP, Venkateshwarlu M, Naik ATR,
Kumara SMP. 2013. Influence of probiotics on
growth performance and digestive enzyme activity of
common carp (Cyprinus carpio). International

Journal of Current Research 5(7), 1696—1700.

Ringo E, Olsen RE, Vecino JLG, Wadsworth S,
Song SK. 2012. Use of immunostimulants and
nucleotides in aquaculture: a review. Marine
Sciences, Research and Development 21, 58—67. DOI:

10.4172/2155-9910.1000104

213 | Yasinetal.



Robertson PAW, Dowd CO, Burrells C,
Williams P, Austin B. 2000. Use of
Carnobacterium sp. as a probiotic for Atlantic salmon
(Salmo salar) and rainbow trout (Oncorhynchus
mykiss, Walbaum). Aquaculture 185, 235—243.

https://doi.org/10.1016/S0044-8486(99)00349-X

Salinas I, Abelli L, Bertoni F, Picchietti S,
Roque A. 2008. Monospecies and multispecies
probiotic formulations produce different systemic and
local immunostimulatory effects in the gilthead
seabream (Sparus aurata L.). Fish Shellfish
Immunology 25(1-2), 114—123.

https://doi.org/10.1016/j.fsi.2008.03.011

Salinas I, Cuesta A, Esteban MA, Meseguer J.

2005. Dietary administration of Lactobacillus
delbrueckii and Bacillus subtilis, single or combined,
on gilthead seabream cellular innate immune
responses. Fish and Shellfish Immunology 19, 67—77.

https://doi.org/10.1016/j.fsi.2004.11.007

Seenivasan C, Bhavan PS, Radhakrishnan S,
Muralisankar T. 2012. Effects of probiotics on
survival, growth and biochemical constituents of
freshwater prawn Macrobrachium rosenbergii post
larvae. Turkish Journal of Fisheries and Aquatic

Sciences 12, 331—338.

Sheikhzadeh N, Heidarieh M, Pashaki AK,
Nofouzi K, Farshbafi MA, Akbari M. 2012.
Hilyses®, fermented Saccharomyces cerevisiae,
enhances the growth performance and skin non-
specific immune parameters in rainbow trout
(Oncorhynchus mykiss). Fish Shellfish Immunology
32,1083-1087.
https://doi.org/10.1016/j.fsi.2012.03.003

Shoemaker CA, Lim C, Yildirim-Aksoy M,
Welker T, Klesius PH. 2006. Growth response and
acquired resistance of Nile tilapia, Oreochromis
niloticus (L.), that survived against Streptococcus
iniae infection. Aquaculture Research 37, 1238—-1245.

https://doi.org/10.1111/j.1365-2109.2006.01555.X

2024

Siddiqui AQ, Naseem SM. 1979. The haematology
of Rohu, Labeo rohita. Journal of Fish Biology 14(1),
67—72.
https://doi.org/10.1111/j.1095-8649.1979.tb03496.x

Silva TFA, Thalita R, Petrillo Yunis-Aguinaga
J, Marcusso PF, Claudiano GS, Flavio Ruas de
Moraes Engracia de Moraes JR. 2015. Effects of
the probiotic Bacillus amyloliquefaciens on growth
performance, hematology and intestinal
morphometry in cage-reared Nile tilapia. Latin
American Journal of Aquatic Research 43(5), 963—

971. DOI: 10.3856/vol43-5-12

Skonberg DI, Perkins BL. Nutrient

composition of green crab (Carcinus maenas) leg meat

2002.

and claw meat. Food Chemistry 77(4), 401—404.
https://doi.org/10.1016/S0308-8146(01)00364-8

Smith BW, Roe JH. 1949. A photometric method
for the determination of a-amylase in blood and
urine, with use of the starch-iodine color. Journal of
Biological Chemistry 179, 53—59.
https://doi.org/10.1016/S0021-9258(18)56811-3

Soleimani N, Hoseinifar SH, Merrifield DL,
Barati M, Abadi ZH.
supplementation of fructooligosaccharide

2012.  Dietary

(FOS)
improves the innate immune response, stress
resistance, digestive enzyme activities and growth
performance of Caspian roach (Rutilus rutilus) fry.
Fish Shellfish Immunology 32, 316—321.

https://doi.org/10.1016/j.fsi.2011.11.023

Soltan MA, El-Laithy SMM. 2008. Effect of
probiotics and some spices as feed additives on the

performance and behaviour of Nile tilapia,
Oreochromis niloticus. Egyptian Journal of Aquatic
Biology and Fisheries 12(2), 63-80. DOLI:

10.21608/EJABF.2008.1992

Son VM, Chang CC, Wu MC, Guu YK, Chiu CH.
2009. Dietary administration of the probiotic,
Lactobacillus plantarum, enhanced the growth,
innate immune responses, and disease resistance of
the grouper Epinephelus coioides. Fish Shellfish
Immunology 5, 691-698.
https://doi.org/10.1016/j.fsi.2009.02.018

214 | Yasinetal.



Standen BT, Rawling MD, Davies SJ, Castex
M, Foy A, Gioacchini
Merrifield DL.

acidilactici modulates both localized intestinal and

G, Carnevali O,

2013. Probiotic Pediococcus

peripheral immunity in tilapia (Oreochromis
niloticus). Fish and Shellfish Immunology 35, 1097—

1104. https://doi.org/10.1016/j.fsi.2013.07.018

Taoka Y, Maeda H, Jo JY, Sakata T. 2007.
Influence of commercial probiotics on the digestive
enzyme activities of tilapia, Oreochromis niloticus.
Aquaculture Science 55, 183—189.
https://doi.org/10.11233/aquaculturesciig53.55.183

Taoka Y, Maeda H, Jo JY, Kim SM, Park SI,
Yoshikawa T, Sakata T. 2006. Use of live and dead
probiotic cells in tilapia, Oreochromis niloticus.
Fisheries Science 72, 755—-766.
https://doi.org/10.1111/j.1444-2906.2006.01215.x

Tewary A, Patra BC. 2011. Oral administration of
baker’s yeast (Saccharomyces cerevisiae) acts as a
growth promoter and immunomodulator in Labeo
rohita (Hamilton). Journal of Aquaculture Research
and Development 2, 1—7.

Tovar-Ramirez D, Zambonino-Infante J, Cahu
C, Gatesoupe FJ, Vazquez-Juarez R. 2004.
Influence of dietary live yeast on European sea bass
(Dicentrarchus  labrax) larval  development.
Aquaculture 234, 415—427.

https://doi.org/10.1016/j.aquaculture.2004.01.028

Tovar-Ramirez D, Zambonino-Infante JL, Cahu
C, Gatesoupe FJ, Vazquez-Juarez R, Lesel R.
2002. Effect of live yeast incorporation in compound diet
on digestive enzyme activity in sea bass (Dicentrarchus
labrax) larvae. Aquaculture 204, 113—123.
https://doi.org/10.1016/S0044-8486(01)00650-0

Varela JL, Ruiz-Jarabo I, Vargas-Chacoff L,
Arijo S, Leon-Rubio JM, Garcia-Millan I. 2010.
Dietary administration of probiotic Pdp11 promotes
growth and improves stress tolerance to high stocking
density in gilthead seabream Sparus auratus.
Aquaculture 309(2), 65—71.
https://doi.org/10.1016/j.aquaculture.2010.09.029

2024

Venkatesan S, Kirithika M, Roselin I, Ganesan
R, Muthuchelian K. 2012. Comparative in vitro
and in vivo study of three probiotic organisms,
Bifidobacterium sp., Lactobacillus sp.,

Saccharomyces cerevisiae and analyzing its
improvement with the supplementation of prebiotics.
of Plant, Animal and

International Journal

Environmental Sciences 2(2), 94—106.

Wang YB. 2007. Effect of probiotics on growth
performance and digestive enzyme activity of the
shrimp Penaeus vannamei. Aquaculture 269, 259—
264.
https://doi.org/10.1016/j.aquaculture.2007.05.035

Wang YB, Xu ZR. 2006. Effect of probiotics for
common carp (Cyprinus carpio) based on growth
performance and digestive enzyme activities. Animal

Feed Science and Technology 127, 283—292.

Wee KL. 1982. Snakehead—their biology and
culture. In: Recent Advances in Aquaculture (Ed:
Muir R.) 181—213. Westview, Boulder, CO.
https://doi.org/10.1016/j.aquaculture.2016.03.041

Welker TL, Lim C. 2011. Use of probiotics in diets
of tilapia. Journal of Aquaculture Research &
Development, pp. 1-8.
http://dx.doi.org/10.4172/2155-9546.51-014

Yanbo W, Zirong X. 2006. Effect of probiotics for
common carp (Cyprinus carpio) based on growth
performance and digestive enzyme activities. Animal
Feed Science and Technology 127, 283—292.

https://doi.org/10.1016/j.anifeedsci.2005.09.003

Yasin R, Jabeen F, Samiullah K, Makhdoom S.
2018. Effects of yeast (Saccharomyces cerevisiae) on
the intestinal microbiota of GIFT Tilapia
(Oreochromis mossambicus). International Journal
of Biosciences 12(4), 283—291.

http://dx.doi.org/10.12692/ijb/12.4.283-291

215 | Yasinetal.



Int. J. Biosci. 2024

Yisa TA, Ibrahim OA, Tsadu SM, Yakubu UP.
2015. Effect of probiotics (Lactobacillus acidophilus
and Bifidobacterium bifidum) as immune stimulant
on hybrid catfish Heteroclarias. British Microbiology
Research Journal 9(1), 1-6.
https://doi.org/10.9734/BMRJ/2015/17703

Ziaei-Nejad S, Rezaei MH, Takami GA, Lovett
DL, Mirvaghefi A, Shakouri M. 2006. The effect
of Bacillus spp. bacteria used as probiotics on
digestive enzyme activity, survival and growth in the
Indian white shrimp Fenneropenaeus indicus.
Aquaculture 252, 516—524.
https://doi.org/10.1016/j.aquaculture.2005.07.021

216 | Yasinetal.



