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The present study was carried out to evaluate the influence of dietary supplementation of probiotic bacteria (Lactobacillus aci-

dophilus), on growth performance of Labeo rohita. The probiotic L. acidophilus was procured from the market and the feed was pre-

pared by crushing the basal food with probiotic bacteria in different combinations. The feeding trials were conducted in triplicate for

60 days, to determine the effect of dietary probiotics on growth status of fish. For this, the live fishes (L. rohita) were captured from

Sagar Taal, Budaun, U.P. After acclimatization for 10 days, the fishes with similar body weight were distributed randomly into five

treatment groups at Department of Zoology, Bareilly College, Bareilly, U.P. These fishes were given basal feed containing L. acidophilus
in five concentrations viz., 0.5 (T,), 1.0 (T,), 1.5 (T,), 2.0 (T,) and 2.5 (T,). The control group (T ) was fed basal food only, without L.

acidophilus for the same period. Growth was analysed by measuring body length and weight, after the interval of every 15 days (at

15, 30, 45 and 60 days). Two treatment groups (T, and T,) showed better growth of fishes, than any other treatment group. Group T,

showed a weight gain of 20.51 + 0.64%, while the percentage length gain was 16.40 + 0.43%. Similarly, the performance of group T,

was also found good (weight gain 20.22 + 0.61%, length gain 17.05 + 0.08%). On the other hand, the results of control treatment were

comparatively poor (weight gain 19.50 * 0.49%, length gain 15.37 + 0.08%). These results suggest that L. acidophilus can be used as

an effective probiotic @ 2% or more in the form of dietary supplement, for L. rohita in aquaculture practices.
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Introduction

Aquaculture possesses great potential to meet the increasing
demands of the world in terms of high biological-value protein.
Now a days, advanced rearing techniques and practices of nutri-
tional improvement have promoted the aquaculture at large scale
[1-4]. Aquaculture production in India has shown remarkable
growth during the past six decades from a very small amount of
0.75 million tons in 1950-51 to 9.38 million tons in 2012-13 [5].
In India, freshwater fin fish production is dominated by three Cyp-
rinid species, namely, rohu (Labeo rohita), catla (Catla catla) and
mrigal (Cirrhinus mrigala), which contribute about 87% of the to-

tal freshwater fish production [6]. Labeo rohita (rohu) is an impor-

tant freshwater fish and most preferred species usually cultured in
Asia, specifically in the Indian subcontinent, because of the rapid
growth and higher adequacy to consumers [7,8]. India is by far the
largest producer of rohu followed by Bangladesh and Myanmar [9].

The appearance of diseases is a major obstacle in sustainable
aquaculture production [10]. The conventional technique for dis-
ease control, such as antibiotics and antimicrobial drugs, are being
used since last few years, but they have limited success in prevent-
ing fish diseases. Probiotics, therefore, are a good strategy for con-
trolling the microbial infections with a great potential to replace
antibiotics [11,12].
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Probiotics are considered as microbes that have been employed
as dietary supplement to enhance fish growth factors as length,
weight gain, better survival rate, stress tolerance, improved gut flo-
ra, health of host, immunity enhancement and also to improve wa-
ter quality parameters [13-26]. The widely used microbial strains
as probiotics in aquaculture are Lactobacillus, Bacillus, Saccharo-
myces, Pseudomonas, Bifidobacteria and Vibrio [27]. Regular appli-
cation of probiotics is done to maintain the desired population of
good bacteria in human and animal nutrition is well documented
[28], and they began to be applied in aquaculture sector recently
[3,29-31].

Lactobacillus, as a main group of probiotics, is employed by sev-
eral workers in terms of animal nutrition, to enhance the growth
performance, survival success, feeding efficacy, and to prevent the
intestinal ailments and anti-nutritional factors present in the feed-
stuffs [13,21]. Lactobacillus has also been applied to increase the
equilibrium of good microbes in gastrointestinal tract, resulting in

overall good health of animals [21,23].

Keeping this view in mind, the present study was conducted to
examine the influence of Lactobacillus acidophilus as probiotics,
and its dietary supplement for growth promotion in Labeo rohita.
The results of this study will be very helpful in understanding the
growth responses of L. rohita towards probiotics, and thereby will
enhance our knowledge for the healthy use of probiotics to flourish

the aquaculture industry.

Materials and Methods
Experimental design

The live samples of L. rohita were collected from a pond Sagar
Tal (28°03’01.8”N 79°07°55.5”E) located near Nawada in Bu-
daun and were utilized as experimental animals in the present
study. The collected fishes were stocked in properly washed glass
aquaria at Department of Zoology, Bareilly College, Bareilly, U.P.
(28°21°21.7”N 79°25’35.6”E), where they were acclimatized for 10
days only. Aerators were kept connected to fish aquaria to main-
tain an optimum dissolved oxygen level. During the acclimatization
period, fishes were provided with powdered basal feed (soya bean
meal 25%, mustard/groundnut oil cake 25%, rice bran 38%, wheat
flour 10%, vitamins and mineral mixture 2%), crushed in mortar

and pestle, twice daily.
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After acclimatization period, length-weight measurement was
done for all experimental fishes and recorded. In the control (T )
group, the fishes were fed with normal basal feed for next 60 days.
While in second group, the fishes were fed with basal food + L.
acidophilus, in the concentrations of 0.5% (T,), 1.0% (T,), 1.5%
(T,), 2.0% (T,) and 2.5% (T,), respectively, for 60 days. Thus, for
L. acidophilus probiotics treatment, five aquaria were used, while
single aquarium was employed as control. Thus, the fishes with
similar weights were collected to stock in 6 different aquaria (n =
10 fishes/aquarium containing 70 liters water). The water qual-
ity parameters of each experimental container were analyzed for
temperature, pH, and dissolved oxygen at fortnight intervals [29].
Temperature was measured by digital thermometer, pH was mea-
sured by using universal pH papers, while dissolved oxygen was
determined by Winkler method [32,33].

Percentage composition of Experimental

Ingredients diets
TO Tl TZ T3 T4 T5

Rice Bran 380 | 375 | 37.0 | 37.0 | 37.0 | 37.0
Soya bean meal 25.0 | 25.0 | 25.0 | 24.5 | 245 | 245
Mustard oil cake | 25.0 | 25.0 | 25.0 | 25.0 | 245 | 245
Wheat flour 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 9.5
\r::?r:;z and 20 | 20 | 20 | 20 | 20 | 20
L. acidophilus - 0.5 1.0 1.5 2.0 2.5

Table 1: Percentage composition of different ingredients in the

experimental diet.

Growth measurements

For the determination of growth, weight and length of each fish
in all three groups were recorded at the start of experiment, by us-
ing electronic balance and standard scale. After a regular interval of
every 15 days, individual fishes were picked separately from each
treatment group, and they were subjected to length-weight mea-
surement, up to 60 days. Sampling was done at 15 days interval till
60 days to evaluate the length gain and weight gain by experimental
organisms. The initial as well as final length and weight were used
to calculate other growth parameters, such as net length gain, net
weight gain, percentage length gain and percentage weight gain.
The parameters used for the calculation of growth performance,
were determined by using the standard formulae [30], as under-

Net Length gain = Final length - Initial length
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Percentage Length Gain = 100 x (Final Length-Initial length)/
Initial length

Net Weight gain = Final weight - Initial weight

Percentage Weight Gain = 100 x (Final weight - Initial weight)/
Initial weight

Statistical analysis

The mean values of multiple observations were calculated along
with their standard deviations. Descriptive statistics and One-way
analysis of variance (ANOVA) were employed to reach on meaning-
ful conclusions, with the help of Data analysis pack of MS-EXCEL in
Windows 10.

Results

Water quality

Water quality parameter such as temperature, dissolved oxygen
and pH were monitored with their minimum and maximum range
for the normal growth and survival of Labeo rohita (Table 2). All the

excretory solid wastes were removed after every 24 hrs. by siphon-
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Dissolved Oxygen
Range Temperature (°C) pH
(ppm)
Minimum 19.5 5.5 7.20
Maximum 28.5 6.5 8.10

Table 2: Range of selected water quality parameters.

Growth performance

The present study was carried out for a period of 60 days on
L. rohita, where they were fed with five different experimental
diets, viz. T, (basal diet + 0.5% probiotic), T, (basal diet + 1.0%
probiotic), T, (basal diet + 1.5% probiotic), T4 (basal diet + 2.0%
probiotic) and T, (basal diet + 2.5% probiotic). The diet without
probiotic serves as the control diet (T). The percentage composi-
tion of different ingredients in the basal diet and the concentration
of probiotic (L. acidophilus) are given in table 1. The formulation
of feed was in accordance with the nutrient requirement of Indian
major carps (L. rohita, C. catla and C. mrigala) for better growth as
reported by many authors [34,35].

ing method.
Fish weight (g) Net weight | % Weight Fish length (cm) Netlength | % Length
Treatments . . . .
Initial Final gain (g) gain Initial Final gain (cm) gain
27.01

T, 22.60 £ 0.58 +0.80 441 +0.22 | 19.50+0.49 | 9.27+0.33 | 10.70 £0.39 1.43 £ 0.05 15.37 £ 0.08

Tl 23.89+0.76 | 28.12+1.03 | 4.23+0.27 | 17.68+0.55 | 8.73+0.57 | 10.10 + 0.66 1.37 £ 0.09 15.70 + 0.09

T, 24.64+£0.75 | 29.13+0.95 | 449+0.27 | 18.22+0.82 | 9.27+0.72 | 10.77 £0.83 1.50+0.11 16.16 £ 0.26

T3 25.05+0.60 | 29.89 +0.94 | 4.84 +0.35 19.31+096 | 9.75+0.57 | 11.34 +0.66 1.59 £ 0.09 16.26 + 0.28
11.60

T, 26.77 £+096 | 32.27+1.32 | 5.50+0.36 | 20.51 +0.64 0.96 13.50+1.11 1.90+0.16 16.40 £ 0.43
10.35 +

T5 25.59+0.97 | 30.77+1.32 | 518+0.35 | 20.22 +0.61 0.83 12.12 £ 0.97 1.77 £ 0.15 17.05 +0.08

Table 3: Growth parameters of rohu (L. rohita), fed with different experimental diets (mean +SD).

The average increment in length (cm) and weight (g), percent-
age weight gain as well as percentage length gain in L. rohita, fed
with different experimental diets, are summarized in table 3,
which shows that the incorporation of probiotic L. acidophilus en-
hanced the growth performance of L. rohita in the present study.

The growth of L. rohita was found increased in all the treatments,

except treatment T, as compared to control. Highest average net
weight gain was found in T, group (5.50 + 0.36g) and lowest was
found in T, group (4.23 + 0.27g).

The percentage gain in length and weight after 60 days in the

experimental treatments was 17.05 + 0.08% in T, and 20.51 *
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0.64% in T,, respectively, which were higher than any other treat-
ments (Table 3). When the data was subjected to single factor
ANOVA analysis, no treatment was found significantly superior (P

ns, n = 60). But based on performance, treatment T, (2.0% concen-
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tration of L. acidophilus) was found superior to others, in terms of
growth promotion. Other statistical parameters were worked out

in the form of descriptive statistics and are summarized in table 4.

Parameters Treatments
T, T, T, T, T, T,

Mean 17.26 17.62 18.36 18.92 20.96 19.66
Standard Error 2.47 2.78 2.83 2.84 2.86 2.85
Median 16.65 17.00 17.70 18.19 20.14 18.85
Standard Deviation 7.82 8.78 8.96 8.99 9.03 9.00
Sample Variance 61.22 77.12 80.29 80.73 81.55 80.98
Range 17.74 19.39 19.86 20.14 20.67 20.42
Minimum 9.27 8.73 9.27 9.75 11.60 10.35
Maximum 27.01 28.12 29.13 29.89 32.27 30.77
Sum 172.58 | 176.17 183.58 189.21 209.63 196.62
Count 10.00 10.00 10.00 10.00 10.00 10.00
Confidence Level (95.0%) 5.60 6.28 6.41 6.43 6.46 6.44

Table 4: Descriptive Statistics for various Experimental Treatments.

The percentage length gain and percentage weight gain in all
treatments were plotted in the form of graph (Figurel), and it is
clear from the graph that percentage length gain was progressively
increasing from treatment T, to T,. On the other hand, percentage
weight gain was increased from T, to T, and then again decreased a
little bid in T,, which suggests the maximum assimilation of food by
fish at this concentration. Beyond the maximum limit, no more pro-
biotic food could be helpful in weight gain. Therefore, the optimum
concentration of L. acidophilus in growth promotion of L. rohita is

found to be 2.0-2.5%, during the present study.
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Figure 1: Percentage length gain and percentage weight gain

among different experimental treatments.

Discussion

There has been a good number of research concerning the
impacts of probiotics on farmed fish species suggesting improve-
ment gained in adherence and formation of colonies within guts
[36] and better growth function and nutritional efficiency [37]. The
increased growth rate among L. rohita using Bacillus circulans ex-
tracted from the gut of the fingerlings may again prove the facilita-

tive effects of probiotics on fish growth rates [38].

The positive impacts of probiotics can also be traced to their
role in boosting appetite which is achieved through production of
vitamins and detoxification of feeds or because of decomposition
of undigested compounds [3]. This might be attributed to the gen-
eration of certain enzymes such as peptide by probiotic bacteria
that hydrolyze micro molecular compounds converting them to
peptides and amino acids [29,39,40]. In this study, the use of pro-
biotics caused an increase in body weight, to the extent that treat-
ments T, and T, with 2.0 and 2.5% concentrations of L. acidophilus,
respectively, resulted in the highest body weight and growth rate
compared to the control group (T,). The improved body weight and
length gain observed in this study might be attributed to factors
mentioned above. The increased growth rate among farm-raised

fish consuming probiotic added feeds may be accounted for by the
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increased reactions of digestive enzymes, morphological transfor-
mation of the fish guts or the probiotic fermentation within the
guts [38].

In the present study, dietary administration of Lactobacillus aci-
dophilus improved growth parameters (net length gain, net weight
gain, percentage length gain and percentage weight gain) in the fish
fed a supplemented diet. Growth factors were more favourable in
the fish fed diets T, and T, than the fish fed diet T  (control). A simi-
lar effect has been reported using “kelp” which includes brown al-
gae Ascophyllum nodosum, Sargasumm spp and Laminaria digitata,
as dietary supplements [41]. Further research is needed to deter-
mine the effects on growth status of Lactobacillus in other major

cultured species.

The beneficial influence of probiotic treatment on growth was
possibly attributed due to the alteration of the intestinal micro-
flora [42]. The probiotic consists of L. acidophilus in different con-
centrations (Table 1). The lactic acid bacteria are considered as
beneficial residents of the fish’s intestinal ecosystem by producing
bacteriocins, which inhibit growth of certain fish pathogens, thus,
positively affect the hosts’ micro-flora [43]. Furthermore, probi-
otic incorporated feed had a definite role in enhancing the growth
of channel catfish, turbot, and carp larvae [44]. The beneficial ef-
fects of probiotics in larval rearing have also been demonstrated
[45]. Incorporation of probiotic in the basal diet enhances growth
and nutrient utilization in mrigal fry [46]. The study conducted on
mode of action of probiotic reveals that the probiotics suppresses
the harmful bacteria and thus the nutrients can be spared for use
by the host animal. Probiotics also improve the enzyme activity in
the gut by producing several enzymes not produced by the host
[37].

Water temperature influences several living and non-living
components of aquatic ecosystem, directly as well as indirectly. It
also resembles the dynamics of the living organisms such as Bio-
chemical and physiological behaviour of aquatic ecosystem [47].
Water temperature was found minimum during winter months and
showed a rising trend towards the summer months. The dissolved
oxygen showed an indirect relationship with water temperature
and was minimum during the peak summers. Winter increase in
dissolved oxygen has also been reported by many workers [48-50].
Increased levels of dissolved oxygen during winter months may be

due to the increased solubility of oxygen at lower temperature. Too
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high or too low dissolved oxygen concentration can affect aquat-
ic life and eventually influence water quality [51]. pH of water is
also one of the most important chemical parameters since aquatic
organisms are well adapted to specific pH range and do not with-

stand abrupt changes in it [52].

There was no disease observed during the experimental pe-
riod. This may be due to the supplementation of beneficial bacte-
ria, which was very well justified, when the turbot (Scophthalmus
maximus) larvae fed rotifer with probiotics (lactic acid bacteria and
spores of Bacillus toyoi) not only improved the growth rate of fish,
but also probably released antibiotics, there by not being affected

by certain opportunistic vibrios [53].

In the present study, the incorporation of probiotic above
2.0% level increases growth but further inclusion of Probiotic, the
growth shows a decreasing trend. This may be due to the overdose
of probiotic which suppress growth. As probiotic supplementation
appears to be an important consideration in enhancing survival
and growth at different stages of carp larvae, various useful strains
of bacteria, exogenous enzymes and essential nutrients must be
judiciously incorporated in fish feeds to achieve better fish produc-
tion. As this is a preliminary study on the use of probiotic in Labeo
rohita of Tarai region of U.P, the dose standardization and duration

of application needs further research.

Conclusion

It can be concluded that the prepared experimental feed with
probiotic Lactobacillus acidophilus enhance the various growth pa-
rameters of rohu (Labeo rohita). The prepared experimental diet
used in the present study, incorporated with 2.0-2.5% Lactobacil-
lus acidophilus is found useful to optimize the growth of Labeo ro-
hita.
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