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Abstract
The objectives of the present study were designed to evaluate the probiotic potential of selected probiotic
strains on the growth and gut microflora of Carassius auratus. Standard methods were followed for
analyzing Physico-chemical parameters of experimental water. Four different probionts, such as
Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus sporogenes were incorporated with
control diet to evaluate their effect on the growth performance in Carassius auratus. A maximum weight
gain of 0.629 ± 0.003g was recorded in the fishes fed with L.sporogenes incorporated diet followed by L.
plantarum and L. acidophilus diets. Study reveals the antagonistic effect of probiotic strains against V.
parahaemolyticus as well as disease resistance and survival rate of Carassius auratus.
Keywords: Specific growth rate, Initial body weight, Final body weight, antagonistic effect etc.

1. Introduction
Aquaculture has become an integral tool for providing and fulfilling the protein requirement
across the globe. An increase in demand and rapid industrialization, aquatic animals particularly
fishes have become more susceptible and prone to diseases. The susceptibility to diseases has
increased due to anthropogenic conditions. The use of Probiotic in aquaculture is targeted at
minimizing disease, increasing resistance and enhancing feed quotient. Probiotics also improve
water quality and control bacterial infections as they contain mixture of various bacterial species.
The commonly used species are Bacillus sp., Lactobacillus sp., Enterococcus sp.,
Carnobacterium sp., and even yeast is used in the formulation of Probiotic diet. Probiotics
improve the digestibility of nutrients and increase tolerance to stress. Bacterial infections cause
more than 9% mortality in various fish hatcheries. Antibiotics and vaccines have been developed
and are being used for the treatment of fish disease but they are not completely effective as many
bacteria causing infection to fishes develop resistance against specific antibiotic. Probiotic
application is more cost effective in aquaculture industry. Amongst probiotic bacteria for
aquaculture Bacillus sp. Lactobacillus spp. and Streptococcus sp. are more widely used and have
proved to enhance the health of aquatic animals [1]. Crucian carp, Carassius auratus, is one of
the oldest cultured fish in the world, which is mainly produced in China. Limited investigations
on the intestinal microbiota of goldfish (C. auratus) indicated that members from Proteobacteria
and Firmicutes were dominant, and species of the genera Aeromonas, Acinetobacter, Bacillus,
Cetobacterium, Clostridium, Lactococcus, Pseudomonas, Shewanella, Staphylococcus,
Streptococcus, and Vibrio were common [2, 3, 4]. Probiotic bacteria could produce digestive
enzymes and essential growth nutrients such as vitamins and amino acids, which are benefit for
enhancing the best growth, also they could benefit to their invertebrate host by competitive
exclusion against pathogens [5, 6]. However, an in-depth study was still needed to comprehend
the effect of probiotic in the intestine of this important species for aquaculture. The present study
was designed to study the effect of probiotic mixed diet on the growth and disease resistance of
ornamental fish Carassius auratus.
2. Materials and Methods
2.1 Experimental fish
The experimental goldfish as Carassius auratus were procured from commercial local fish
market located at Virudhunagar, Tamilnadu, India. The fishes were allowed to acclimatize to
the laboratory conditions and then used for the experimental studies.
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2.2 Probiotic Bacterial strain
The Probiotic lactic acid bacteria (LAB) used in the present
experiment, Lactobacillus acidophilus MTCC 447,
Lactobacillus plantarum MTCC 2621, Lactobacillus
sporogenes MTCC 5163 and the target organism
V.parahaemolyticus MTCC 451 were procured from the
Microbial Type Culture Collection and Gene Bank (MTCC),
Institute of Microbial Technology, Chandigarh, India.
2.3 Water quality assessment
The water quality parameters were maintained during the
experimental study. The water quality parameters were assessed
by standard method [7].
2.4 Fish diet
The fishes were divided randomly into four groups and each
group was in three repetitions in separate aquarium. Fresh tap
water was stored in rectangular fibreglass tanks for 24 hours
under aeration in order to dechlorinated the water. Each
aquarium was cleaned daily by siphoning fish faeces and
remaining feed with 75% of total water volume, then refilled to
fixed volume again. Water temperature range was (29- 32 ºC).
Photoperiod was maintained at 12-12 light/dark in both
experiments.
2.5 Feeding Experiment
Fishes were divided into four equal groups. So that each 100
litre culture tank had 20 fishes each and all the tanks were
provided with aeration. The untreated basal diet served as
control and the diet mixed with probiotic strains were
considered as treatments (T1-T3). The fishes was fed twice
daily at the rate of 3% (average body weight) up to 60 days. The
water quality parameters were maintained properly. The fishes
in each treatment were counted and weighed on termination of
the experiment.
2.6 Determination of nutritional effect
The growth parameters and feed utilization were calculated as
follows. Feed conversion ratio (FCR), Specific growth rate
(SGR) and Protein efficiency ratio (PER) were calculated using
the following formulae:
Feed conversion ratio (FCR) = FI (B2 + B dead – B1) -1
Where FI, B1 and B2 are the feed intake, the biomass at the start
and end, respectively, and B dead is the biomass of the dead
fish.
Specific growth rate (SGR) = 100 (ln W2-ln W1) T -1
Where, W1 and W2 are the initial and final weight, respectively,
and T is the number of days in the feeding period.

Where, BWF is the final mean weight, BWI is the initial mean
weight and AP is the amount of protein feed.
2.7 Gut microbial analysis
The gut microbial analysis was carried out in wild fish and one
day starved C.auratus and also in the experimental fish (10th,
20th and 30th days). For screening the bacteria from the
digestive tract, fish was stunned to death and washed several
times with sterile distilled water to prevent contamination. The
gut was removed by aseptic dissection and divided in to three
regions namely foregut (FG), midgut (MG) and hindgut (HG).
The three sections were homogenized separately in a mortar and
pestle by using sterile distilled water individually and 10% (v/v)
homogenates were prepared. Serial dilutions were made using
9 ml sterile distilled water and plated in a triplicate in to the
standard nutrient agar. The plates were incubated at room
temperature and the CFU.g-1 was counted after incubation.
2.8 In-vitro probiotic activity (Well diffusion method)
An in vitro antagonistic activity of the probiotic strains were
tested against Vibrio parahaemolyticus by agar well diffusion
assay method. The probiotic strains such as L. acidophilus, L.
plantarum and L. sporogenes were grown individually in MRS
broth overnight and centrifuged at 10,000 rpm for 10 min and
then the resulting supernatant was purified by membrane
filtration (0.45 µm pore size). The supernatant fluid was serially
diluted up to 1:200. Then 50 µl of two fold diluted sample was
transferred in the wells of 5mm diameter in the MRS agar plates
which were already inoculated with Vibrio parahaemolyticus
strain. The plates were incubated at 37 0C for 24 hours. After
incubation, the inhibition zone was measured (mm) around the
well.
2.9 Challenge test
After 30 days of feeding, 6 fishes were collected from each
treatment were challenged I/P with 0.1 ml fresh culture
suspension containing 3x109 cells ml-1 of V.parahaemolyticus.
The challenged fish were kept under observation for 15 days
and the mortality was recorded.
2.10 Statistical analysis
Analysis of Variance (ANOVA) was used to determine the
differences between treatments. The mean values were
significant at the level of (P<0.05). All the statistics were carried
out by MS Excel.
3. Results and Discussion
3.1 Water Quality Parameters
The physico-chemical parameters analyzed during the
experimental period are given in (Table 1).

Protein efficiency ratio (PER) = [(BWF-BWI)/AP] x 100
Table 1: Physico-chemical parameters during the experiment. Each value (mean±S.D) Is the average for every ten days.
Parameters
Temperature (oC)
pH
Chlorinity (ppt)
Salinity (ppt)
Carbonate (mg.L-1)
Bicarbonate (mg.L-1)
Dissolved oxygen (ml.L-1)

10th day
27.30 ± 0.46
7.45 ± 0.35
0.47 ± 0.01
0.87 ± 0.02
12.40 ± 0.59
184.92 ± 1.10
4.32 ± 0.33

It revealed that the recorded value (mean ± S.D) of each
parameter was ranged from 27.30 ± 0.46 to 28.00 ± 0.63 oC

20th day
27.30 ± 0.46
7.55 ± 0.42
0.47 ± 0.01
0.87 ± 0.02
12.77 ± 0.86
185.29 ± 2.05
4.45 ± 0.32

30th day
28.00±0.63
7.60±0.30
0.48±0.01
0.88±0.02
12.95±0.71
186.27±2.25
4.50±0.33

(temperature); 7.45 ± 0.35 to 7.60 ± 0.35 (pH); 0.47 ± 0.01 to
0.48 ± 0.01 ppt (chlorinity); 0.87 ± 0.02 to 0.88 ± 0.02 ppt
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(salinity); 12.40 ± 0.59 to 12.95 ± 0.71 mg.L-1 (carbonate);
184.92 ± 1.10 to 186.27 ± 2.25 mg.L-1 (bicarbonate) and 4.32 ±
0.33 to 4.50 ± 0.33 ml.L-1 (dissolved oxygen). The present
result revealed that all of the measured parameters were in the
acceptable ranges [8, 9].

3.2 Fish growth parameters
Table 2 showed that the final weight, % of weight gain, specific
growth rate and protein efficiency ratio of Carassius auratus
increased significantly when fed a diet containing three
different probiotic strains.

Table 2: Final Weight, % of Weight Gain, Specific Growth Rate and Protein Efficiency Ratio of Carassius auratus
Treatment
C
T1
T2
T3

Final Weight
2.240±0.007
2.719±0.012
2.745±0.006
2.782±0.009

% weight gain
4.543±0.150
26.796±0.193
27.206±0.668
29.195±0.091

The Probiotic strain L. acidophilus treated fishes mean weight
gain was 0.575 ± 0.002g and L. plantarum supplemented diet
fed fishes showed 0.587 ± 0.010 (g) weight gain and L.
sporogenes supplemented diet fed fishes were found 0.629 ±
0.002g weight gain. A mean weight gain of 0.097 ± 0.003 g was
observed in the fishes fed with control diet. A maximum weight
gain of 0.629 ± 0.003g was recorded in the fishes fed with L.
sporogenes followed by L. plantarum and L. acidophilus.
Similar observations are also reported in C.auratus [10], in carps
[11]
and in Atlantic cod [12, 13].
Maximum food conversion ratio (2.336 ± 0.017 g) was observed
using L.plantarum as a probiotic strain. Followed by this, L.
acidophilus and L. sporogenes supplemented diets showed
minimum FCR. The data obtained in the present study revealed
that the FCR (g) value was more in probiotic supplemented diets
than in control diet fed C.auratus.
The maximum SGR value (0.854 ± 0.002%/day) was obtained
in L.sporogenes supplemented diet followed by L.plantarum
(0.802 ± 0.017%/day) and L.acidophilus (0.791 ± 0.006 %/day)
respectively. The probiotic supplemented diet had a definite role
in enhancing the growth of channel cat fish and turbot larvae
[14]
. Similarly the present study revealed that probiotic
supplemented diet showed enhanced growth of C.auratus.
Protein efficiency ratio (PER) was higher than in control.
Maximum PER was observed in L.plantarum (2.11±0.004),
followed by L.sporogenes (1.98±0.001) and L. acidophilus is
(1.91±0.007) supplemented diets. The similar results that the
PER was significantly increase than control [15]. High protein
efficiency ratio as well as greater protein values in probiotic
treatments may be due to proteins secreted by members of genus
Bacillus [16].

FCR
1.958±0.009
2.253±0.010
2.336±0.017
2.206±0.010

SGR
0.794±0.012
0.791±0.006
0.802±0.017
0.854±0.002

PER
1.83±0.014
1.91±0.007
2.11±0.004
1.98±0.001

3.3 Physiological Analyses
Erythrocyte counts in fish fed diets containing L.sporogenes
were significantly high (1.059±0.043 million.mm-3), whereas
fish fed diet containing L. acidophilus and L. plantarum
(0.626±0.034 and 0.526±0.028 million/mm3) were low
respectively. Hemoglobin content was slightly increased in fish
fed diet containing L.sporogenes (5.12 g/100 ml) and decreased
in fish fed containing L.acidophilus and L.plantarum (4.11 and
4.57 g/100 ml) respectively.
3.4 In-vitro antagonistic activity
The antagonistic activity of the beneficial probiotic bacteria
namely L. acidophilus, L. plantarum and L. sporogenes against
the bacterial pathogen V. parahaemolyticus was tested and the
zone of inhibition in diameter was provided in Table 3).
Table 3: Antagonistic activity of potential beneficial probiotic strains
against pathogenic V.parahaemolyticus
Probiotic strain
L. acidophilus
L. plantarum
L. sporogenes

Zone of inhibition (mm) Mean±S.D
24.33±0.47
26.00±0.82
28.67±0.47

Among the three different probiotic strains L. sporogenes shows
maximum inhibitory zone (28.67±0.47 mm) against V.
parahaemolyticus followed by L. plantarum and L. sporogenes.
The bacteriocins produced by lactic acid bacteria had inhibitory
effect against V.parahaemolyticus [16].
3.5 Gut microbial analysis
The total viable count of bacterial strains in the gut region of
wild, one day starved and experimental fishes on the 30th day
was presented in Table 4.

Table 4: Total viable counts (TVC) in CFU/g of bacterial strains in three different gut regions of wild, one day starved and experimental fishes
on 30th day.
Diets
Wild fish
One day starved fish
L.acidophilus (feed A)
L.plantarum (feed B)
L.sporogenes (feed C)
Control (feed D)

Foregut (FG) (x106)
17.67±2.06
9.67±2.06
12.33±2.06
13.33±2.06
18.33±2.87
12.00±1.63

Total viable count (CFU/g)
Midgut (MG) (x106)
Hindgut (HG) (x106)
11.00±2.16
14.67±2.06
9.33±2.36
13.33±1.25
15.00±2.16
15.67±2.87
14.00±1.63
17.97±1.70
13.67±1.25
16.67±1.25
10.00±2.16
12.67±2.06

The total bacterial population was maximum (48.67 x 106
CFU/g) in the gut sample of C.auratus fish fed with
L.sporogenes supplemented diet and was minimum (43.0 x106
CFU/g) in the diet containing L. acidophilus. Among the three
different gut regions, TVC was more in the hind gut region of

Total (x106)
43.34
32.33
43.0
45.0
48.67
34.67

Mean±S.D (x106)
14.45±2.73
10.78±1.81
14.33±1.44
15.00±1.91
16.22±1.55
11.56±1.13

one day starved fish but in the wild fish it is higher in the foregut
region. Two way ANOVA test revealed that the variation in the
TVC between different diets and various gut regions were not
statistically significant (F=2.028 and 3.633; P˃0.05; (Table 5).
The total viable count of bacterial strains in the gut regions of
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experimental fishes on the 30th day is depicted in (Table 6).
Table 5: Two way analysis of variance for the data on total viable count (TVC) in the gut of C.auratus fed with different Probiotic
supplemented diet on 30th day
Source of variation
Between gut
Between feed
Error
Total
Legend: ** Statistically not significant

Sum of squares
12.967
35.144
19.189
67.3

Degrees of freedom
2
3
6
11

Mean square
6.484
11.715
3.198
-

‘F’
2.028**
3.663**
-

Table 6: Total viable counts (TVC) in CFU/g of bacterial strains in three different gut regions of experimental fishes on 30th day.
Diets
L.acidophilus (feed A)
L.plantarum (feed B)
L.sporogenes (feed C)
Control (feed D)

Foregut (FG) (x106)
16.67±1.25
19.00±2.45
24.00±1.63
13.67±2.63

Total viable count (CFU/g)
Midgut (MG) (x106)
Hindgut (HG) (x106)
15.00±2.45
20.67±1.70
16.33±1.25
19.67±2.06
17.00±1.63
27.00±1.41
11.33±1.70
15.67±2.63

The total bacterial population was more (68.0 x 106 CFU/g) in
the gut sample of C. auratus fed with L. sporogenes
supplemented diet and was less (52.33 x106 CFU/g) in the diet
containing L. acidophilus. TVC was more in the hind gut region
for all the experimental fishes when compared to the other gut
regions. TVC in the digestive tract of C. auratus treated with

Total (x106)
52.34
55.00
68.00
40.67

Mean±S.D (x106)
17.45±2.38
18.33±1.40
22.67±4.19
13.56±1.77

different probiotic supplemented diet was much higher than the
control group. Two way ANOVA test revealed that the variation
in the TVC between different diets and different gut regions
were statistically significant (F=12.470 and 15.221; P˂0.05;
Table 7).

Table 7: Two way analysis of variance for the data on total viable count (TVC) in the gut of C.auratus fed with different Probiotic
supplemented diet on 30th day
Source of variation
Between gut
Between feed
Error
Total
Legend:* Statistically significant

Sum of squares
68.731
125.847
16.537
211.115

Degrees of freedom
2
3
6
11

The total viable count of bacterial strains in the gut region of
control and experimental diets fed fishes on the 30th day is

Mean square
34.366
41.949
2.756
-

‘F’
12.470*
15.221*
-

given in (Table 8).

Table 8: Total viable counts (TVC) in CFU/g of bacterial strains in three different gut regions of experimental fishes on 30th day.
Diets
L.acidophilus (feed A)
L.plantarum (feed B)
L.sporogenes (feed C)
Control (feed D)

Foregut (FG) (x106)
20.67±1.89
25.00±1.41
31.00±2.99
15.67±2.49

Total viable count (CFU/g)
Midgut (MG) (x106)
Hindgut (HG) (x106)
16.67±1.70
22.67±1.70
18.00±1.63
27.33±1.70
19.67±2.06
36.67±2.06
14.33±2.06
20.33±2.06

The bacterial population was maximum (87.33 x 106 CFU/g) in
the gut sample of C. auratus fed with L. sporogenes
supplemented diet. But was minimum (60.0 x106 CFU/g) in the
diet containing L. acidophilus. Among the three different gut
region, TVC was more in the hind gut regions of probiotic
supplemented diet than the other regions. TVC in the digestive

Total (x106)
60.00
70.33
87.33
50.33

Mean±S.D (x106)
20.00±2.49
23.44±3.97
29.11±7.07
16.78±2.57

tract of C.auratus treated with different probiotic supplemented
diet was much higher than the control group. Two way ANOVA
test revealed that the data on the TVC of different gut region
with different probiotic supplemented diets fed with C.auratus
were statistically significant (F=11.544 and 10.310; P˂0.05;
Table 9).

Table 9: Two way analysis of variance for the data on total viable count (TVC) in the gut of C.auratus fed with different probiotic
supplemented diets on 30th day
Source of variation
Between gut
Between feed
Error
Total
Legend: * Statistically significant

Sum of squares
186.947
250.445
48.581
485.973

Degrees of freedom
2
3
6
11

The microflora density in fishes usually varies quantitatively
and qualitatively in the organs such as skin, gill and intestine.
In the intestine itself the diversity may vary in foregut, midgut

Mean square
93.474
83.482
8.097
-

‘F’
11.544*
10.310*
-

and hindgut regions. The quantitative variation between the
microbes was in the following order gut˃gill˃skin in pond
reared milk fish Chanos chanos [17].
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3.6 Challenge test
The mortality of C. auratus fed with probiotic supplemented

diets is presented in (Table 10).

Table 10: Mortality rate of C. auratus fed diet containing probiotic bacteria and challenged with Vibrio parahaemolyticus
Treatment
Number of injected fish
Dose of Bacteria
No. of fish survive
No. of fish dead
Survival rate (%)

L.acidophilus (Feed A)
6
0.1ml of 3x109 cells/ml
3
3
50.0

L.plantarum (Feed B)
6
0.1ml of 3x109 cells/ml
5
1
83.33

It showed that the survival percentage was 83.33% of C.auratus
fed on the diet containing L. plantarum after 30 days and
challenged by pathogenic V. parahaemolyticus (0.1 ml of 3x109
cells /ml). The survival percentage of C.auratus which fed on
the diet containing L. sporogenes was 66.66% and
L.acidophilus was 50%. But the control diet fed fishes showed
less (33.33%) survival than the experimental diet fed C.auratus.
4. Conclusion
Lactobacilli do offer ample scope as Probionts showing
antagonism towards Vibrio pathogens. Results from the present
study clearly demonstrated that the Probionts were able to
suppress V.parahaemolyticus growth, it can be hypothesized
that they have the ability to colonize the gastrointestinal tract of
goldfish, which however, merits further confirmation.
Consequently, they may prove to be suitable candidates for oral
administration to goldfish, in commercial ventures to improve
health and to protect them from Vibrio infections.
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