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IntroductIon

Aquaculture is a rapidly growing food sector in the 
world with global production reaching a peak of 179 

million tonnes annually (FAO, 2020). Aquaculture sector 
is in constant demand and is facing the problems of feed 
shortage, pathogenic diseases and excessive antibiotic us-
age. Rapid advancements in the field of nutrition biology, 
aquaculture technology and the practice of sustainable aq-
uaculture are key factors that contribute for better aquacul-
ture practices (Santis and Jerry, 2007). Fish meal (FM) is 
an extensively used ingredient in aquaculture owing to its 

vitamin contents, balanced amino acids, growth factor, and 
other growth promoting properties (Tacon and Metian, 
2008; Goddard et al., 2008). In terms of aquaculture sus-
tainability, extensive use of FM as an aquatic feed has been 
unyielding due to the shortages in the resource for feed pro-
duction which in turn increase the cost of FM. Alternative 
feed sources that have better nutrient profiles and available 
at a lesser price can be used to make ideal formulations 
for catering nutritional requirements (Gerile and Pirho-
nen, 2017; Aleström et al., 2006). Cheap protein sources 
derived from plant and animal by-products from agricul-
ture, oilseed plants, fisheries, domestic animal sources can 
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be utilized as ingredients in fish feed formulation (Tacon, 
1990; Zhou et al., 2011). Among the plant based meal, 
soybean diet consisting of 44-49% protein content consti-
tute for 69% of diet from plant source for feed formulation 
(Ghadge et al., 2009; Siddiqui and Khan, 2014; Cromwell, 
2017; Blaufuss and Trushenski, 2012). Similarly, ground-
nut meal known for its rich amount of protein, vitamins, 
and minerals source is another traditionally underutilized, 
inexpensive plant-based diet (Aguihe et al., 2012; Srivas-
tava et al., 2018). Even though plant sources can be used 
as ideal formulations, several factors like anti-nutritional 
factors (ANFs) in soybean, failure of groundnut crops, sus-
ceptibility to fungal toxins limit their use (Ghadge et al., 
2009; Yasothai, 2016). To overcome these complications 
from plant protein sources, alternative feeds from animal 
by-products are preferred (Henchion et al., 2017). Poten-
tial animal sources with favorable essential amino acid pro-
files include bone meal, shrimp meal, and earthworm meal 
(Sogbesan and Ugwamba, 2008). Long term economical 
and biological potential of bone and shrimp meal make 
it ideal additives in furnishing a balanced fish feed. More 
recently, earthworm meal is being used in the category of 
suitable feed ingredients (Ding et al., 2015; Tedesco et al., 
2020).  The amino acid profiles of animal based feeds are 
much similar to fishes and contain lipid contents with high 
proportions of omega-3 fatty acids (Beg et al., 2016). A 
proper ratio of all these blended protein sources can im-
prove the quality of feed given to fishes and enhance their 
growth and development. A complementary feed material 
is formulated from plant, animal and bacterial source. Pro-
biotics are live microbial feed supplements which benefit 
the host by improving its intestinal microflora (Vine et al., 
2006; Wang, 2007; Yanbo and Zirong, 2006; Fuller, 1989). 
Probiotics supplemented along with the formulated diet 
can influence growth performance of fishes by secreting 
digestive enzymes which can facilitate better feed uptake 
and they can limit pathogenic growth by competition and 
production of extracellular secretions (Merrifield and Car-
nevali, 2014; Yanbo and Zirong, 2006). A wide variety of 
microorganisms can be used as probiotics in aquaculture 
including species of yeast, Bacilli, lactic acid bacteria, Pseu-
domonas sp. Enterococcus sp. (Wang et al., 2008; Ringo and 
Gatesoupe, 1998; Irianto and Austin, 2002; Satish Kumar 
et al., 2011). The use of probiotics can be highly beneficial 
in aquaculture since they can serve as an alternative to an-
tibiotics, combat pathogenic diseases, many probiotic sup-
plements have been proven to enhance growth, improve 
survival rate and even enhance reproduction in aquatic an-
imals (Wang et al., 2008; Balcázar et al., 2006; Watts et al., 
2017). Probiotics can improve the water quality of large 
aquaria by reducing ammonia content in the water and can 
also prevent pathogenic biofilm formation which makes 
them an essential component of sustainable aquaculture 
practices (Zhang et al., 2011; Sharma et al., 2018).

The present study was aimed at comparatively analyzing 
the effect of plant, animal, and probiotic based fish feeds on 
growth parameters in Danio rerio. Diets were formulated 
using plant-based (PD), animal-based (AD), and probiotic 
based (PrD) sources and were evaluated for their efficacy 
in improving growth performance in Danio rerio. The study 
promotes sustainable aquaculture by the use of alternative 
feeds derived from plant or animal based sources in order 
to mitigate the rising costs and shortage of fish feed. 

MAtErIAlS And MEthodS

iSolation, biochemical chaRacteRization anD 
iDentification of potential pRobiotic bacteRia
Indian prawn (Penaeus indicus) was used as a probiotic 
host for bacterial isolation.  The gastrointestinal tract of 
the organism was homogenized and serially diluted with 
sterile saline solution, followed by plating onto De Man, 
Rogosa, and Sharpe (MRS) agar and incubated at 37°C for 
48 hours. The morphological characteristics such as abun-
dance of growth and size were studied on MRS agar plates. 
The isolates obtained were screened using the antimicro-
bial well diffusion assay and the safety of the isolated cul-
ture was assessed using hemolysis assay. A non-hemolytic 
strain showing effective antimicrobial activity was selected 
and further characterized using standard biochemical tests 
like Gram’s staining, motility ,catalase, indole, methyl red, 
Vogus Proskauer and Simmon citrate tests (Yadav et al., 
2016).The isolated strain was identified using 16SrRNA-F 
and 16SrRNA-R primers using BDT v3.1 Cycle sequenc-
ing kit on ABI 3730xl Genetic Analyzer. A phylogenetic 
tree was constructed using the neighbor joining technique 
via MEGA v1.3.4 (Kimura, 1980; Kumar et al., 2016).

pRobiotic chaRacteRization
The isolate was evaluated for its ability to survive in differ-
ent pH (2-10), temperature (15 ̊C- 55 ̊C), sodium chloride 
concentration (2%-10%), phenol concentration (0.2%-
0.6%) in MRS broth and was incubated for 24 hours. Later 
the isolate was plated onto MRS agar plates and the Log 
(CFU•mL-1) was calculated. The ability of the isolate to 
survive in simulated artificial gastric juice for durations (2, 
4 and 6 hours) was assessed. After incubation, the isolate 
was plated onto MRS agar and Log (CFU•mL-1) was cal-
culated. (Halder et al., 2017; Corcoran et al., 2005).

antibiofilm activity of the iSolate
The antibiofilm activity of the isolate was assessed against  
Escherichia coli, Vibrio harveyi, Pseudomonas aeruginosa and 
Staphylococcus aureus by performing the modified crystal vi-
olet assay. A 100µl aliquot of the bacterial isolate was add-
ed along with the control into the wells of the microtiter 
plate. After 45 min, plates were washed with sterile dis-
tilled water. 1% crystal violet was added and again incubat-
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ed for 15 min. De-staining was carried out using 100µl of 
ethanol and the absorbance was measured at 450nm using 
a microplate reading equipment (Costa et al., 2018).The 
percentage inhibition was calculated using the equation:

DeteRmination of caRbohyDRate feRmentation 
pRofileS 
The carbohydrate fermentation profile was established us-
ing nine different carbohydrates, maltose, mannitol, xylose, 
galactose, fructose, lactose, sorbitol, inositol and sucrose. 
The assay was performed in a 96 well microtiter plate. 160 
µl of active cell culture in modified MRS broth containing 
bromocresol purple was added in each well along with 40 
µl of different sugar solutions. After incubation at 42 ˚C 
overnight the change of color and turbidity in the wells 
were noted with yellow color change indicating a positive 
result and no color change indicating a negative result 
(Erkus, 2007).

feeD pRepaRation anD foRmulation
Proximate analysis of the feed constituents in both plant 
based (PD) and animal based (AD) was performed based 
on the percentage of carbohydrates, protein, fat, monoun-
saturated fatty acids (MUFA), poly unsaturated fatty ac-
ids along with moisture and ash content (Table 2). Corn 
starch was added to act as a binder to prevent leaching 
of nutrients and disintegration of raw ingredients (Volpe 
et al., 2012).The probiotic based diet (PrD) involved ad-
ministering the probiotic isolate at a concentration  of 7 
Log (CFU•mL-1) along with a commercially available diet. 
Combination diet (CD) was prepared by combining PD 
and AD based constituents in the ratio of 1:1 and supple-
mented along with  7 Log (CFU•mL-1) probiotic bacteria. 
Commercial fish diet served as control. The composition of 
different diets is shown in Table 1.

expeRimental DeSign anD gRowth peRfoRmance 
meaSuRementS.
Four experimental groups along with a control were de-
signed. Uniform sized zebra fishes (Danio rerio) were 
purchased from a nearby fisheries store. The fishes were 
segregated into the following groups; group fed with plant-
based diet (PD), group fed with animal-based diet (AD), 
group fed with probiotic-based diet (PrD), group fed with 
combination diet (CD). Each of the groups contained 10-
12 replicates of uniform sized Danio rerio fishes. The fish 
were acclimated with the basal diet for 2 weeks before be-
ginning the study.

Growth parameters-Weight gain percentage, feed conver-
sion ratio and the feed efficiency were recorded from the 

beginning of the feeding period (Day 1) to the end of the 
feeding experiment (Day 30). The fishes were fed once a 
day with diets (4% of their body weight) and the growth 
parameters were measured at a five day interval. Addition-
al parameters like pH, ammonia content, and temperature 
were monitored frequently to ensure a clean environment 
for the fishes to grow.  Growth parameters were measured 
using the formulas below: 

Note: Wf = Final weight in grams, Wi = Initial weight in 
grams

table 1: Showing proportions of different ingredients used 
to prepare the different fish diets.

Sl.no name of the 
diet

diet formulation Percentage 
(%)

1. Plant based diet 
(PD)

Soybean meal
Groundnut meal
Fruit peelA

Corn starch

56.25
25
6.25
12.5

2. Animal based 
diet(AD)

Fish meal
Bone meal
Shrimp meal
Earthworm meal B

Corn starch

48.65
15.13
24.33
1.08
10.81

3. Probiotic based 
diet(PrD)

Crude protein C

Probiotic suspension
30
107 CFU 
mL-1 

4. Combination 
diet (CD)

PD
AD
Probiotic suspension

50
50
107 CFU 
mL-1

5. Control Crude protein C 30
NOTE:A- Major constituent of fruit peels-Orange peel, 
minor – pomegranate peel, banana peel; B- Dried in a 
hot air oven at 80ºC for 2 days, then ground into a fine 
powder and added as a raw ingredient; C- Commercial 
diet supplemented as 4% body weight ; CFU- Colony 
Forming Unit

StatiStical analySiS
All the data collected were analyzed using R v 3.6.3.  One 
way Analysis of variance (ANOVA) test was used to eval-
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uate the effects of each diet on the fish growth and perfor-
mance with p <0.05 considered significant.  

table 2: Showing general isolate characteristics and the 
fermentation profile of nine carbohydrates
colony morphology off white, 

small, circular
Fermentation 
profile

Shape Bacilli Maltose +
Gram’s staining + Mannitol +
IMViC tests -+++* Xylose +
Motility + Galactose +
Hemolytic activity Non-hemolytic Fructose +
Anti-microbial activity +++ Lactose +
Milk coagulation efficacy + Sorbitol -
Tolerance to 0.6% trypsin + Inositol -
Catalase test + Sucrose -

Note: *IMViC tests- Indole, methyl red, Vogus Proskauer and 
Simmon citrate test respectively.

rESultS And dIScuSSIon

The potential isolates obtained on MRS plate were 
screened using the agar well diffusion assay. The isolates 
which showed antimicrobial activity were then safety as-
sessed using the hemolysis assay. A non-hemolytic isolate 
was selected and was further characterized using standard 
biochemical and morphological assays (Table 2).  Isolated 
culture was identified as Bacillus sp. using 16s rRNA se-
quencing and BLAST analysis. Bacillus sp. have been re-
ported for a wide range of nutritional, physiological and 
metabolic diversity which has been widely used for its an-
timicrobial activity to tackle fish pathogens in commercial 
aquaculture (Sen et al., 2015; Kong et al., 2017).

The consensus sequence obtained was deposited in GEN-
BANK (Accession number- MT355408).  Phylogenetic 
tree was constructed using the neighbor joining method 
(Figure 1).

Figure 1: Shows the phylogenetic tree constructed using 
the maximum likelihood method. The tree with the 
highest log likelihood (-3972.48) is shown. Initial tree(s) 

for the heuristic search were made by using Neighbor-Join 
method coupled with BioNJ algorithm and then estimated  
using the Tamura-Nei model,at the end the topology with 
superior log likelihood value was selected. This analysis 
involved 9 nucleotide sequences. There were a total of 
1559 positions in the final dataset. Enterococcus faecium and 
Lactobacillus plantarum were used as outgroups.

The isolate was able to grow at low pH ranging at pH 2 
[5.9±0.04 Log (CFU•mL-1)]  and pH 4 [6.56±0.07 Log 
(CFU•mL-1)].The optimum growth was between pH 6-8.
The growth decreased at higher pH 10 [5.65±0.012 Log 
(CFU•mL-1)].T (Figure 2). Resistance to low pH is of great 
importance in assessing the survival of probiotic strains in 
the gastric environment (Musikasang et al., 2009; Kimura 
et al., 2006). Tolerance to gastric juice is considered as a 
key functional requirement for probiotics, which enables 
them to survive during passage through the gastrointes-
tinal tract (Bevilacqua et al., 2010). The final growth ob-
served after exposure of the isolate for a duration of 6h in 
simulated artificial gastric juice was found to be 6.46±0.01 
Log (CFU•mL-1) (Figure 3). LAB are equipped with 
molecules like proton‐translocating ATPase that prevent 
internal cellular destruction or improve cellular strength 
to enable the tolerance of harmful exterior surroundings 
(Sanchez et al., 2007).

The ability of an isolate to resist the gastric environment 
is a probiotic feature. Furthermore, the resistance can be 
enhanced by encapsulation, carbohydrate and protein sub-
strate changes (Ding and Shah, 2007).

The isolate was able to tolerate different temperatures. 
Growth at optimum temperature 37 ˚C was maximum at 
7.38±0.04 Log (CFU•mL-1). The growth diminished at 
temperature deviations of 10 ˚C in extremes of 37 ˚C. The 
growth at 25 ˚C was 7.02±0.06 Log (CFU•mL-1) and the 
growth at 45 ˚C was 6.83±0.09 Log (CFU•mL-1) (Figure 
4). No growth was observed at low temperatures 15 ˚C and 
beyond 45 ˚C (data not shown). Probiotics have a variety 
of adaptation mechanisms to increase their thermostabili-
ty which include increasing the production of  heat shock 
proteins (HSPs), phosphotransferases and chaperonins 
(Chen et al., 2017; Hernández et al., 2018).

Probiotic growth at higher temperature is a good indication 
since a high fermentation temperature decreases contami-
nation by other microorganisms (Chen et al., 2015;Terpou 
et al., 2019). Probiotics grown in a high salt concentration 
adapt by displaying loss of turgor pressure which can affect 
their overall physiology, enzyme activity, water activity and 
metabolism and thereby enabling the cells to proliferate. 
The growth observed at 2% concentration was 7.72±0.03 
Log (CFU•mL-1)   and the growth at 10% NaCl concen-
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tration was 7.15±0.05 Log (CFU•mL-1) (Figure 5). There-
fore strains which can survive high osmotolerance are pre-
ferred in commercial applications (Menconi et al., 2014).

Figure 2: Shows cell viability of the isolate when subjected 
to pH ranges (2-10). The values shown are Mean±SD of 
triplicates.

Figure 3: Effect of simulated artificial gastric juice on the 
growth of the isolate at duration of 2, 4 and 6h

Figure 4: Shows heat tolerance of the isolate at ±10˚C 
deviations from 37 ˚C. Error bars indicate the standard 
deviation, the values are expressed as Mean±SD of 
triplicates.

The antbiofilm activity of Bacillus sp. against fish patho-
gens; Vibrio harveyi (96.1±2.7%), Escherichia coli (96.2±1.5 
%,), Pseudomonas aeruginosa (95.3±3.0%) and Staphylococ-
cus aureus (96.7±2.8%) was recorded (p<0.05) (Figure 6). 
Probiotics can mitigate the problem of prevalence of path-
ogens in aquaria by disrupting formed biofilms. Probiot-
ic antibiotic activity is due to secretion of bio surfactants, 
peptidoglycan binders, antimicrobial peptides and enolases 

(Spurbeck and Arvidson, 2010; Wu et al., 2018). Antimi-
crobial peptides are produced by genes like LCI other and 
gene clusters that help in production of secondary metab-
olites (Wu et al., 2018). 

Figure 5: Osmotolerance of the isolate at varying 
concentration of NaCl (2%-10%). Error bars indicate the 
standard deviation, the values are expressed as Mean±SD 
of triplicates.

Figure 6: Antibiofilm activity of the isolate against 
pathogens; Escherichia coli, Vibrio harveyi, Pseudomonas 
aeruginosa and Staphylococcus aureus. The error bars indicate 
standard deviation and statistical significance indicated by 
* (P<0.05)

pRoximate nutRient analySiS pD anD aD
The nutrient profiles of the plant and animal based di-
ets were analyzed. The average energy was between 2500 
kcal kg-1-3000kcal kg-1.The protein range was optimum 
between 45-50% of the feed composition. (Sogbesan and 
Ugwamba, 2008).The percentage of other components  
;carbohydrates, fats (Mono unsaturated fatty acids, poly 
unsaturated fatty acids),moisture and ash have been de-
scribed in Table 3.

gRowth peRfoRmance StuDy
The results of the present study were hypothesized to show 
better performance in the fishes fed with a combination 
diet (CD) as it had the highest diversity of raw ingredients 
along with probiotic administration. However, this was 
not the case. PrD was found to exhibit greater weight gain 
percentage (15.7±0.08 %) in comparison with other treat-
ments (p<0.05) (Figure 7).  Feed conversion ratio and feed
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table 3: Showing proximate analysis of plant based diet (PD) and animal based diet (AD) per 100 g of the samples 

diets Energy 
(kcal)*

% 
carbohydrate

%
 Protein

%
Fat

%
MuFA

% 
PuFA

% 
Moisture

%
Ash

Pd 287.3 16.9 45.7 4.1 0.59 0.54 10 5.23
Ad 263.5 9.0 48.1 3.9 0.28 0.06 8 4.6

Note: i. MUFA – Mono Unsaturated Fatty Acids, PUFA – Poly Unsaturated Fatty Acids ii. Energy = (Carbohydrate (g) x 4) + 
(Protein(g) x 4) + (Fat(g) x 9) *Energy in kcal per 100g of feed

Figure 7: Showing the weight gain percentages of Danio 
rerio in the treatments PD, AD, PrD, CD and control. The 
trail was conducted for the duration of 30 days. The error 
bars indicate standard deviation.

Figure 8: Shows the feed conversion ratios of Danio rerio 
treatment groups upon feed supplementation of PD, AD, 
PrD, CD and control. The parameter was monitored for 
a duration of 30 days. The error bars indicate standard 
deviation.

Figure 9: Feed efficiency of PD, AD, PrD, CD and control 
for a total duration of 30 days on treatment groups of Danio 
rerio. The error bars indicate standard deviation.

efficiency were numerically better in CD compared to 

other treatments (0.35±0.09 and 2.7±0.09) respectively 
(P>0.05) (Figure 8, 9 respectively).

Soybean meal has been found to contain anti-nutritional 
factors (ANFs) such as protease inhibitors, lectins, gly-
cinin, and saponins which could possibly affect feed intake 
(Salem and Ghany, 2018). In another study, feed intake 
was highly affected when 35% of the feed was replaced 
with soybean meal, causing an 18% decrease in feed intake 
in comparison with the control group (Volpe et al., 2012). 
Similarly the replacement of fish meal with more than 20% 
of soybean meal can negatively affect growth. Moreover, 
soy protein, as well as soy saponins present in soybean 
meal, are known to trigger an immune response causing 
inflammation (Hedrera et al., 2013). Usage of soya concen-
trate can negate the detrimental effect of ANFs and other 
growth inhibitors (Ray et al., 2018). Soybean meal has a fa-
vorable essential amino acid profile (EAA) and is suitably 
used as an better digestibility component (Bandara, 2018). 
Probiotics can reduce inflammation caused due to plant 
proteins and improve growth and survival (Rendueles et 
al., 2012). This might be one of the possible reasons for 
better performance observed in fishes fed with CD com-
pared to PD. Plant based diets if provided at early stages 
of the organism’s life can enhance acceptance and better 
utilization (Geurden et al., 2013). No mortality was ob-
served in any of the treatments supplemented to the fishes 
throughout the experiment. 

concluSIon

Alternate feeds formulated in this study had no negative 
effect on the growth and performance of Danio rerio. Ba-
cillus sp supplement was effective in growth performance, 
contribute resistance against pathogens and improve water 
quality parameters in aquaria. Soybean meal refinement 
into concentrate can minimize the effects of ANFs and 
thereby improvise the feed intake. The use of alternative 
feeds along with probiotic supplements can reduce the 
load on fish feed industry and therefore making sustain-
able aquaculture practices more economical and to reap 
maximum benefits.
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