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Summary

An experiment was conducted to assess the effect of supplementation of cellulolytic

gut bacterium with plant protein-based diet on growth, digestibility and digestive

enzyme status of tiger shrimp, Penaeus monodon. Bacillus sp. DDKRC1. (JN641289),

a potential cellulolytic bacterium, isolated from the gut of Asian seabass was used

as feed supplement in this experiment. The shrimps of group I, II and III were fed

with control diet (without bacterial supplement, D1), diet supplemented with live

Bacillus sp. DDKRC1. at 2.94 9 107 cfu per 100 g feed (D2) and diet fermented

(48 hr) with same bacteria (D3) respectively. At the end of the 42 days experiment,

shrimps of group II showed significantly better (p < .01) growth and protein effi-

ciency ratio (PER) and lower (p < .01) feed conversion ratio (FCR) as compared to

group I and III. Dry matter, cellulose, hemicellulose and lipid digestibilities were sig-

nificantly (p < .01) higher in group II than other two groups. Cellulase, amylase and

protease activities in the gastrointestinal (GI) tract were significantly (p < .01) higher

in group II as compared to other two groups. Total heterotrophic count, amylolytic,

cellulolytic and proteolytic bacterial counts in gut were significantly (p < .01) higher

in group II as compared to other two groups. Haematological analysis indicated bet-

ter (p < .05) immune response in groups II and III than control group. Diets D2 and

D3 showed better effect on growth, digestibility, FCR, survival and immune

response of P. monodon as compared to D1.
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1 | INTRODUCTION

The use of live bacterial supplementation (probiotics) in aquaculture

is increasing day by day for more ecofriendly aquaculture practices

(Gatesoupe, 1999). Probiotic agents exert a beneficial effect through

enzymatic assistance to digestion and absorption of nutrients in

gastrointestinal tract of host (Erasmus, Cook & Coyne, 1997; Krish-

naprakash, Saravanan, Murugesan & Rajagopal, 2009; Sahu, Swar-

nakumar, Sivakumar, Thangaradjou & Kannan, 2008), competition for

adhesion sites and resistance to colonization (Balc�azar et al., 2006;

Verschuere, Rombaut, Sorgeloos & Verstraete, 2000), competition

for essential nutrients, reduction in gut pH, production of
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antagonistic compounds against pathogens (De, 2014; Kesarcodi-

Watson, Kaspar, Lategan & Gibson, 2008; Ringø & Gatesoupe, 1998;

Verschuere et al., 2000), enhancement of the immune response and

disease resistance (Balc�azar et al., 2007; Rengpipat, Runkpratanporn,

Piyatiratitivorakul & Menasaveta, 2000; Sahu et al., 2008). In addi-

tion, supplementation of beneficial bacteria improve enzyme activity

feed digestibility and feed utilization, health and performance in

aquatic animals (Balc�azar et al., 2006; De, Ghoshal, Ananda Raja &

Kumar, 2015; Kesarcodi-Watson et al., 2008; Ringø & Gatesoupe,

1998). Bacillus has been widely used as potential probiotics (Ziaei-

Nejad, 2004), since they secrete a variety of antimicrobial com-

pounds and exoenzymes (Moriarty, 1996, 1998). Earlier studies

showed that administration of Bacillus spp. during a long period

could enhance the digestive enzyme activity, leading to enhanced

weight gain of Litopenaeus vannamei (G�omez, Geovanny & Shen,

2008) and pathogenic protection by activating both cellular and

immune defenses of black tiger shrimp, Penaeus monodon (Rengpipat

et al., 2000). There is no united stand to conclude the best source

of probiotics for any fish or shrimp. Probiotics from terrestrial envi-

ronment confer many beneficial effects to the fish or shrimp but

probiotics isolated from aquatic environment offer little more advan-

tage when used for any aquaculture species (Zorriehzahra Moham-

mad et al., 2016). Very few studies were conducted to assess the

effect of supplementation of probiotic bacteria isolated from gut of

aquatic animal, on performance of shrimp of similar environment

(S�anchez-Ortiz et al., 2015). A study was conducted to isolate and

characterize the potential cellulolytic bacterium from the gut of

brackiswater fish and shrimp. Bacillus sp. DDKRC1. isolated from the

gut of Lates calcarifer was found to be the most potential cellulolytic

bacterium (De, Ghoshal & Ananda Raja, 2014). Hence, the present

study was aimed to investigate the influence of Bacillus sp. DDKRC1.

on weight gain, apparent nutrient digestibility and haematological

parameters of economically important black tiger shrimp, P. monodon

in brackishwater environment and to evaluate and compare the effi-

cacy of approaches for using bacterial culture (Bacillus sp. DDKRC1.),

either for fermentation or as feed supplement (probiotics), for better

utilization of diet in tiger shrimp.

2 | MATERIALS AND METHODS

This study on the effect of cellulolytic gut bacteria as a feed supple-

ment on growth performance, apparent nutrient digestibility and

digestive enzyme activity of tiger shrimp, P. monodon was conducted

in fish nutrition laboratory at Kakdwip Research Centre of CIBA,

Kakdwip (Lat. 21°51015.01″–21°51030.77″N, Long. 88°10058.44″

88°11012.09″E), West Bengal, India.

2.1 | Experimental diets preparation

Bacillus sp. DDKRC1. (JN641289), a potential cellulolytic bacterium

was previously isolated from the gut of adult L. calcarifer and identi-

fied through 16s rDNA sequencing (De et al., 2014). The same

isolate was used as feed supplement with plant protein rich formu-

lated feed (comprised of fish meal, soybean meal, sesame cake, mus-

tard cake, azolla, amino acid mixture, mineral and vitamin mixture)

containing crude protein (CP) ~35% and lipid ~5% (Table 1). For

preparation of control diet, all the feed ingredients, except mineral–

vitamin mixture and amino acid mixture, were mixed with water and

cooked in autoclave for 20 min with exposure at 15 psi, 121°C for

5 min. The remaining ingredients were mixed after cooling the

dough. Dough was passed through a mincer with a die (2 mm diame-

ter) to get spaghetti-like strings. Feed strings were air-dried for 1 hr

at ambient temperature and fed to shrimp. Experimental diet D2

was prepared as of control diet but supplemented with live Bacillus

sp. DDKRC1. at 2.94 9 107 cfu per 100 g of feed. Bacterial culture

was added after the autoclaving of major ingredients and cooling the

dough. Feed was prepared twice daily before feeding to maintain

the efficacy of bacterial culture. Diet D3 was prepared in a similar

way as of control diet and was incubated with the same bacterial

strain at 2.94 9 107 cfu per 100 g of feed at 34°C (De et al., 2014)

with 50% moisture content for 24 hr, 48 hr, 72 hr, 96 hr and

120 hr to know the optimum incubation period in regards to nutri-

ent enrichment of feed. After 48 hr incubation, the brittle feed was

re-pelletized and the diet D3 was prepared.

2.2 | Experimental set up

The feeding trial was conducted for 42 days under laboratory condi-

tion in fibre reinforced plastic tank (Length 9 Breadth 9 Height:

0.65 9 0.50 9 0.48 m) containing dechlorinated brackishwater with

continuous aeration. Hatchery-bred and PCR tested healthy P. mon-

odon (mean individual weight 2.73 � 0.01 g) were randomly dis-

tributed in tanks with 10 shrimps per tank for three groups in

triplicates (Ananda Raja et al., 2017a). Groups I, II and III were fed

with diets D1, D2 and D3 respectively. Feed was adjusted at

10 days interval after calculating the biomass through intermediate

sampling and counting the numbers of shrimp survived. The daily

ration was offered twice daily at 10% (w/w) of the total body

weight. The left-over feed was siphoned off after 4 hr of feeding,

dried in an oven at 105°C for 16 hr. Daily feed consumption was

TABLE 1 Proximate composition (% of dry weight) of the
experimental diets

Parameters

Diets

D1 D2 D3

Moisture 8.87 � 0.04 8.71 � 0.11 12.20 � 0.26

Crude protein 34.87 � 0.03 34.59 � 0.29 35.93 � 0.14

Crude fibre 2.72 � 0.06 2.74 � 0.12 2.52 � 0.07

Lipid 5.28 � 0.07 5.28 � 0.05 5.19 � 0.05

Ash 12.07 � 0.14 12.16 � 0.03 12.78 � 0.03

NFE 36.19 � 0.05 36.52 � 0.15 31.38 � 0.08

D1 - control diet, D2- live bacterial-supplemented diet, D3 - fermented

diet.

NFE, nitrogen-free extract; values are mean � SD. Error of 3 determina-

tion.
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estimated by the difference between feed offered and uneaten feed

in dry weight. Water of the experimental tanks was replaced with

50% of fresh dechlorinated brackishwater at 2-day interval. The fae-

cal samples were collected daily from each tank by pipetting (Spyri-

dakis, Metailler, Gabaudan & Riaza, 1989). The oven dried (60°C)

faecal samples were analysed for digestibility estimation. During the

experiment water pH, temperature, salinity and dissolved oxygen

were 7.84–7.94, 30–32°C, 7.10–7.23 g/L and 5.33–5.47 mg/L

respectively (Table 2). Five shrimps from each tank were collected at

the end of the experiment for gut bacterial population, intestinal

enzyme and haematological study.

2.3 | Sample collection, chemical analysis and data
collection

The proximate principles of feed, faecal and shrimp tissue were

determined following Association of Official Analytical Chemists

(AOAC) (1995). Hemicellulose and cellulose content of feed and fae-

cal were measured according to the Van Soest (1963, 1967) method.

Chromic oxide in the diets and faecal samples were estimated by

wet digestion method of Furukawa and Tsukahara (1966). Water

quality parameters were measured by APHA (1998). Total microbial

count and Vibrio count of water was done using tryptone soya agar

(TSA [g/L]: Pancreatic digest of casein, 15; papaic digest of soybean

meal, 5; NaCl, 5; agar, 15; pH, 7.3) and thiosulphate citrate bile salts

sucrose (TCBS) agar (TCBS agar [g/L]: Protease peptone,10; yeast

extract,5; sodium thiosulphate, 10; sodium citrate, 10; Oxgall, 8;

sucrose, 20; NaCl, 10; ferric citrate, 1; bromothymol blue, 0.04; thy-

mol blue, 0.04; agar, 15; pH, 8.6 � 0.2 at 25°C) respectively. Aver-

age live weight gain (%), specific growth rate (SGR; % day–1), feed

conversion ratio (FCR) and protein efficiency ratio (PER) were calcu-

lated using standard methods (Steffens, 1989).

The apparent digestibility coefficient (ADC) of nutrients was

calculated according to (De Silva & Anderson, 1995), using the

following formula:

Digestibility coefficient ð%Þ ¼100� %Cr2O3in diet
%Cr2O3in faeces

�%nutrient in faeces
%nutrient in diet

� 100

2.4 | Intestinal microbial analysis

Shrimps from each experimental set were dissected on an ice tray to

remove the gastrointestinal (GI) tract in order to determine the intesti-

nal microbial population at the end of the feeding trials. The entire GI

tract was homogenized with five times (w/v) of sterile chilled phos-

phate-buffered saline with 0.9% NaCl (pH 7.2). The homogenate of

the intestine of each shrimp was tenfold serially diluted and 0.1 ml of

each dilution was poured aseptically under laminar flow on sterilized

TSA, carboxy methyl cellulose agar (CMC-agar [g/L]: CMC, 10;

KH2PO4, 4; Na2HPO4, 4; tryptone, 2; MgSO4.7H2O, 0.2; CaCl2, 0.001;

FeSO4. 7H2O, 0.001; agar, 15; pH 7), starch agar (SA [g/L]: Peptone,

5; yeast extract, 1.5; beef extract, 1.5; starch soluble, 2.0; sodium chlo-

ride, 5; agar, 15; pH 7.4.) and peptone gelatin agar (PGA [g/L]: Pep-

tone, 5; gelatin, 4; beef extract, 3; agar, 20; pH 7) media containing

plates, in duplicate for total cultivable microbial population, cellu-

lolytic, amylolytic and proteolytic bacterial count respectively. These

culture plates were incubated at 30°C for 48 hr and examined for the

development of bacterial colonies (De et al., 2014). By multiplying the

number of colonies formed on each plate by the reciprocal of dilution,

colony numbers per unit sample volume of gut homogenate were

determined (Rahmatullah & Beveridge, 1993).

2.5 | Digestive enzyme assay

Shrimps from each experimental set were dissected and GI tract

was homogenized as mentioned in section 2.3. Homogenate was

centrifuged at 10,621 g for 1 hr at 4°C and the supernatant was

collected and used for enzyme assay. Cellulase activity was

assayed using 1% carboxy methyl cellulose in citrate buffer

(0.1 M, pH 6.75) as substrate (Denison & Koehn, 1977). Amylase

TABLE 2 Water quality parameters in the rearing tanks during feeding trial

Water parameters

Measurements (mean � SD)

Group I Group II Group III

Dissolved oxygen (mg/L) 5.47 � 0.07 5.33 � 0.07 5.47 � 0.18

pH 7.84 � 0.03 7.94 � 0.04 7.85 � 0.03

Temperature°C 31.00 � 0.57 30.80 � 0.57 32.33 � 0.88

Salinity (g/L) 7.10 � 0.00 7.23 � 0.03 7.13 � 0.03

Alkalinity (mg/L) 130.67 � 1.33 136.00 � 2.31 129.33 � 0.53

Nitrate-(N) (mg/L) 0.181 � 0.02 0.163 � 0.01 0.151 � 0.02

Nitrite-(N) (mg/L) 0.027 � 0.007 0.028 � 0.009 0.024 � 0.006

Total Ammonia (mg/L) 0.378 � 0.012 0.326 � 0.022 0.366 � 0.011

Total microbial count (9104 cfu/ml)* 2.51 � 0.03a 2.87 � 0.03c 2.67 � 0.02b

Total Vibrio count (9102 cfu/ml)* 1.15 � 0.02b 0.88 � 0.04a 1.12 � 0.02b

Group I: fed diet D1, Group II: fed diet D2 and Group III: fed diet D3.

Values bearing different superscript letters (a,b,c) in a row differ significantly.

*p < .05.
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activity was measured using 1% soluble starch in phosphate buffer

(0.02 M; pH 6.9 containing 0.0067 M NaCl) as substrate (Bernfeld,

1955). Protease activity was detected by caseinase assay method

using 0.5% casein in Tris-HCl buffer (0.02 M, pH 7.0) as substrate

(Walter, 1984).

2.6 | Analysis of haematological parameters

2.6.1 | Total Haemocyte count

Haemolymph was collected individually from five shrimps of each

group at the end of the trial and prepared for total haemocyte count

(THC), granular haemocyte (GH) and nongranular haemocyte (NGH)

count (Ananda Raja et al., 2012). Haemolymph (0.1 ml) was collected

from the ventral sinus of the first abdominal segment of shrimp into

a syringe containing equal volume of fixative (10% formalin in

0.45 M NaCl) and transferred to a micro-centrifuge tube. After

10 min, 20 ll of the fixed haemocyte suspension was mixed with

same volume of Rose Bengal solution (1.2% Rose Bengal in 50%

ethanol) and incubated at ambient temperature (27–35°C) for

20 min, before being used to determine THC. Haemocytometric (im-

proved Neubauer, Marienfeld, Germany) counts were made for 5/25

squares (vol. of one square = 0.2 9 0.2x0.1 mm3) in triplicate. THC

was calculated as:

THCml�1 of haemolymph ¼ 5� count� 104 � dilution factor

2.6.2 | Granular and nongranular haemocyte count

For GH counts, smears were prepared from the fixed and Rose Ben-

gal stained haemocyte suspension. The smears were completely

dried before counterstaining with haematoxylin solution (50 g alu-

minium or potassium alum, 1 g haematoxylin crystals, 0.2 g sodium

iodate, 1 g citric acid, 50 g chloral hydrate and distilled water to 1 L)

for 7–10 min. The slides were then rinsed with tap water for 10 min

followed by dehydration with ascending grades of ethanol (10 dips

each). After dehydration, the slides were cleared in xylene (3 times

for 3 min each) before being mounted with DPX mountant (Merck)

and covered with a coverglass. The proportions of GH that included

both large-granular and small-granular/semigranular haemocytes in

200 total haemocytes were recorded and these proportions were

used to calculate the total number of GH (i.e. GH count/200 9

THC). The same procedure was adopted for counting the translucent

smooth NGH (Ananda Raja et al., 2012).

2.6.3 | Phenoloxidase activity

Phenoloxidase (PO) activity of serum was measured spectrophoto-

metrically with the formation of dopachrome from L-dihydroxyphe-

nylalanine (L-DOPA) as described by Pan Lu-Qing, Bo, Ling-Xu and

Jing (2007). A 0.01 M of L-DOPA was prepared in 0.1 M phosphate

buffer (12.3 ml 0.2 M Na2HPO4, 87.7 ml 0.2 M NaH2PO4, pH 6.0).

One hundred microlitres of serum and 100 ll of L-DOPA were

added to a spectroscopy cell (10.0 mm) containing 3 ml of phos-

phate buffer. After the mixture was agitated, the optical density

(OD) at 490 nm was measured at 2 min intervals for 60 min.

Phenoloxidase activity was determined from the increase in OD per

minute at the environmental condition. Total haemolymph protein

was determined spectrophotometrically based on the methods of

Lowry, Rosebrough, Farr and Randall (1951) using bovine serum

albumin as a standard.

2.6.4 | Antibacterial activity

Antibacterial activity of shrimp plasma was measured against Vibrio

mimicus (Pan Lu-Qing et al., 2007). Vibrio mimicus was isolated and

characterized based on the morphological, physiological and biochemi-

cal characters as reported elsewhere (Ananda Raja, Panigrahi, De &

Kumar, 2017; Ananda Raja et al., 2017b). An 18-hr shake culture was

centrifuged at 4800 9 g for 15 min. The cell pellet was suspended

with 0.1 M phosphate buffer (pH 6.4) to adjust the OD value of 0.3 at

570 nm. The bacterial suspension (3 ml) was mixed with 50 ll of

plasma in tubes in ice water (0°C), and the OD at 570 nm (Ao) was

measured. The tubes were then transferred to a water bath at 37°C

for 30 min, then returned to ice water for 10 min to stop the reaction

and the OD at 570 nm (A) was measured again.

The antibacterial activity was calculated as follows:

U ¼ Ao � A
A

2.6.5 | Phagocytic activity assay

Phagocytic activity was measured following the method described

by Li et al. (2008). A suspension containing 107 cells/ml of yeast

(Saccharomyces cerevisiae) was prepared in phosphate salt buffer (pH

7.0), and 0.1 ml of this solution was added to the well of a sterile

microplate containing 0.1 ml of haemolymph. The haemocyte yeast

suspension was gently mixed, then kept at 25°C in a water bath for

30 min and shaken once in 10 min. Following incubation, 50 ll was

placed on three glass slides from which smears were made. After

air-dried smears were fixed with methanol for 3 min, slides were

washed with anticoagulant solution (580 mM NaCl, 13 mM

CaCl2.6H2O, 0.54 mM Na2HPO4.12H2O, 12.6 mM KCl, 28 mM

MgCl2.6H2O, 50 mM Tris, pH 7.3) to remove nonadherent haemo-

cytes and air-dried and then stained with Giemsa stain (HiMedia,

Mumbai) for 5 min. The numbers of phagocytosis and unphagocyto-

sis haemocytes were counted under the microscope. Phagocytosis

ratio was calculated by the formula:

Percentage phagocytosis ¼ number of cells ingesting yeasts
number of cells observed

� 100

2.6.6 | Haemolymph microbial count

At the end of the experiment, total plate count (TPC) and total Vibrio

count (TVC) in haemolymph were estimated by serial dilution spread
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plate method using sterile TSA and TCBS agar plates respectively

(Ananda Raja et al., 2017a).

2.7 | Statistical analysis

The experimental data were subjected to analysis of variance

(ANOVA) to test the significance among the treatments. One-way

analysis of variance, followed by Duncan’s multiple range test (Dun-

can, 1955) was applied to find out the significant difference between

the treatments, using IBM SPSS, Version 20 for Windows (IBM SPSS

Inc., Chicago, IL, USA).

3 | RESULTS

The proximate compositions of three formulated diets are presented

in the Table 1. Diets were isonitrogenous (35% crude proteins).

Crude fibre, lipid and ash contents were within a close range of

2.52–2.74, 5.19–5.28 and 12.07–12.78 per cent, respectively and did

not differ significantly (p > .05).For preparation of diet D3, fermenta-

tion condition was optimized and it was found that after 48 hr of

incubation at pH of 5.81, crude protein content, free glucose con-

centration and microbial count was maximum (21.72 9 107 CFU/g)

in the feed and dry matter loss was less (Figure 1). In addition, crude

fibre content was reduced as fermentation progressed (Figure 1).

Therefore, it was concluded that 48 hr of incubation is optimum in

regard to nutrient enrichment of feed.

The shrimps of group I, II and III were fed with D1, D2 and D3

respectively. Total weight gain (3.79 g) and PER were significantly

(p < .01) higher and FCR (1.64) was significantly (p < .01) lower in

group II as compared to that of group I and III (Table 3). Dry matter

(DM) intake (g/d) was significantly higher (p < .01) in group III fol-

lowed by group I and II. Survival (%) was significantly higher

(p < .05) in group II and III as compared to that of group I. Dry mat-

ter, organic matter, hemicelluloses, cellulose and lipid digestibilities

were significantly (p < .01) higher in group II than that of group III

and I (Table 4). Again hemicellulose and cellulose digestibilities were

significantly (p < .01) higher in group III than that of group I. Protein

digestibility was also significantly (p < .01) higher in group III

followed by group II and I. Cellulase activity in gut was significantly

(p < .01) higher in group II and III as compared to that of group I

(control) (Table 4). Gut amylase and protease activity were signifi-

cantly (p < .01) higher in group II as compared to that of other two

groups. Total heterotrophic count, amylolytic, cellulolytic and prote-

olytic bacterial count in the GI tract were significantly (p < .01)

higher in group II as compared to that of other two groups (Fig-

ure 2). In tank water total heterotrophic count was higher (p < .01)

in group II followed by III and I, whereas, Vibrio count was signifi-

cantly lower (p < .01) in tank water of group II as compared to that

of group I and III (Table 2).

Carcass composition of shrimps at the end of the experiment

(Table 5) revealed that body protein and lipid content of group II

animals were significantly (p < .01) higher than that of other two

groups, whereas fibre content was higher in group I animals.

Total haemocyte count was significantly (p < .05) higher in

groups II and III as compared to group I (Table 6). GH count was sig-

nificantly (p < .05) higher in group II as compared to group I but no

significant difference (p > .05) was observed between group II and

III, and group I and III. NGH count and serum PO activity were sig-

nificantly (p < .05) higher in group III as compared to other groups.

NGH count and serum PO activity of group II was significantly

(p < .05) higher as compared to group I. Antibacterial activity and

phagocytic activity were significantly (p < .05) higher in group II fol-

lowed by group III and I. Total microbial count in haemolymph was

significantly (p < .05) lower in group II and III than that of control

and total Vibrio count in haemolymph did not differ significantly

(p > .05) among the groups.
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F IGURE 1 Change in nutrient content of diet after different
hours of fermentation with Bacillus sp. DDKRC1.

TABLE 3 Growth performance of P. monodon-fed experimental
diets

Parameters

Treatment groups

Group I Group II Group III

Initial body

wt. (g)

2.73 � 0.003 2.73 � 0.01 2.73 � 0.04

Final body

wt. (g)**

6.10 � 0.01a 6.52 � 0.03c 6.33 � 0.02b

Total wt.

gain (g)**

3.37 � 0.02a 3.79 � 0.02c 3.60 � 0.04b

ADG (mg/d)** 80.15 � 0.48a 90.23 � 0.63c 85.71 � 1.03b

Weight gain

(%)**

123.17 � 0.88a 138.48 � 0.79b 131.96 � 3.46b

DM intake

(g/d)**

0.1517 � 0.00b 0.1486 � 0.00a 0.1536 � 0.00c

FCR ** 1.89 � 0.00c 1.64 � 0.00a 1.78 � 0.02b

SGR (%) 1.91 � 0.008 1.99 � 0.07 2.00 � 0.03

PER** 1.47 � 0.00a 1.75 � 0.01c 1.60 � 0.01b

Survival (%)* 70.83 � 4.16a 87.50 � 0.00b 83.33 � 4.16b

Group I: fed diet D1, Group II: fed diet D2 and Group III: fed diet D3.

Values bearing different superscript letters (a,b,c) in a row differ signifi-

cantly.

*p < .05.

**p < .01.
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4 | DISCUSSION

In the present study shrimps fed with live Bacillus sp. DDKRC1.

(JN641289) were found to have increased growth and survival than

that of shrimp without microbial supplementation. The increased

survival of shrimp might be due to a bactericidal or bacteriostatic

effect on pathogenic bacteria that are in the intestine of the host

(Verschuere et al., 2000). Bacillus used as a probiotic was able to colo-

nize both in the tank water and shrimp digestive tract because they

Digestibility (%)

Treatment groups

Group I Group II Group III

Digestibility (%)

Dry matter** 85.01 � 0.10a 87.37 � 0.20b 85.41 � 0.20a

Organic matter** 87.69 � 0.08a 90.05 � 0.16b 87.39 � 0.17a

Hemicellulose** 87.25 � 0.80a 90.03 � 0.10c 88.54 � 0.08b

Cellulose** 69.79 � 0.63a 77.27 � 0.08c 75.54 � 0.37b

Crude protein ** 88.27 � 0.08a 90.62 � 0.15b 92.52 � 0.10c

Lipid** 91.94 � 0.05a 95.81 � 0.06b 92.19 � 0.10a

Gut enzyme activity

Specific Amylase activity**x 85.87 � 0.12a 93.48 � 0.69b 86.40 � 0.09a

Specific Cellulase activity**y 38.52 � 0.17a 40.68 � 0.74b 38.92 � 0.24ab

Specific Protease activity**z 3.73 � 0.15a 4.98 � 0.15b 3.99 � 0.08a

Group I: fed diet D1, Group II: fed diet D2 and Group III: fed diet D3.

Values bearing different superscript in a row differ significantly (a,b,c).

x = lg of maltose liberated/mg of protein/min.

y = lg of D-glucose liberated/mg of protein/min.

z = lg of L-tyrosine liberated/mg of protein/min.

**p < .01.

TABLE 4 Apparent nutrient
digestibility and digestive enzyme
status of P. monodon-fed
experimental diets
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F IGURE 2 Microbial count in digestive tract of P. monodon fed
experimental diets for 42 days. Mean values of different groups are
significantly different (p < .01)

TABLE 5 Carcass composition (% of dry weight) of P. monodon-
fed experimental diets

Parameter

Treatment groups

Group I Group II Group III

Crude protein** 62.19 � 0.09a 65.61 � 0.14b 62.27 � 0.06a

Crude fibre** 9.62 � 0.06b 9.28 � 0.07a 9.44 � 0.21a

Ether extract** 2.80 � 0.06a 3.39 � 0.04c 3.06 � 0.04b

Ash** 16.39 � 0.11b 16.14 � 0.05b 14.43 � 0.07a

Group I: fed diet D1, Group II: fed diet D2 and Group III: fed diet D3.

Values bearing different superscript letters (a,b) in a row differ signifi-

cantly.

**p < .01.

TABLE 6 Haematological parameters of P. monodon-fed
experimental diets

Parameter

Treatment groups

Group I Group II Group III

THC/ml of

haemolymph

(9106)*

13.90 � 0.06a 17.40 � 0.35b 17.90 � 0.17b

GH count/ml of

haemolymph

(9106)*

2.64 � 0.09a 4.28 � 0.29b 2.96 � 0.18ab

NGH count/ml of

haemolymph

(9106)*

11.26 � 0.03a 13.13 � 0.06b 14.94 � 0.01c

Serum PO activity

U/min./mg protein

0.29 � 0.01a 0.53 � 0.01b 0.66 � 0.03c

Antibacterial

activity

0.06 � 0.00a 0.14 � 0.00c 0.11 � 0.00b

Phagocytic

activity (%)

17.75 � 0.43a 25.75 � 0.14c 23.75 � 0.14b

Total microbial

count in

haemolymph

(cfu/ml 9103)*

2.11 � 0.00b 1.52 � 0.03a 1.57 � 0.02a

Total Vibrio

count in

haemolymph

(cfu/ml)

<30 <30 <30

Values bearing different superscript letters (a,b,c) in a row differ signifi-

cantly.

*p < .05.
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have a higher multiplication rate than the rate of expulsion. As a bac-

terial supplement was constantly added to the experimental tank

water through feed, they adhered to the intestinal mucosa of shrimp,

multiplied and exercised their multiple benefits (Balc�azar et al., 2006)

and were also able to replace Vibrio spp in the gut of shrimp, thereby

increasing shrimp survival (Rengpipat, Phianphak, Piyatiratitivorakul &

Menasveta, 1998). Furthermore, the bacterial supplemented group

had significantly higher (p < .01) PER, improved nutrient digestibility

and significantly lower (p < .01) FCR compared with control.

Improved survival and growth were reported after supplementation

of probiotics in different shrimp and fish species like Indian white

shrimp, Fenneropenaeus indicus (Ziaei-Nejad et al., 2006), American

white shrimp, Litopenaeus vannamei (Wang, 2007), Asian seabass (De

et al., 2015), common carp (Wang & Xu, 2006), rohu (Ghosh, Sen &

Ray, 2003), Japanese flounder (Taoka et al., 2006), gilthead seabream

(Suzer et al., 2008) and Pursean sturgeon and beluga (Askarian,

Kousha, Salma & Ringø, 2011). However, Shariff, Yosoff, Vevaraja

and Srinivasa Rao (2001) found that treatment of commercial Bacillus

probiotics in L. vannamei did not significantly increase either the sur-

vival or the growth. In the present study total microbial, cellulollytic,

amylolytic and proteolytic bacterial count in the gut were higher in

live Bacillus sp. DDKRC1.-supplemented shrimp (group II) as com-

pared to shrimp fed control diet and fermented diet (group III).

Increased beneficial bacterial population in gut of the bacterial sup-

plemented group leads to increased digestive enzyme (amylase and

protease) and degradation enzyme (cellulase) activity due to extracel-

lular secretion in the intestinal tract, better nutrient digestibility and

nutrient absorption (Al-Dohail, Hashim & Aliyu-Paiko, 2009; De et al.,

2015), which in turn contributed to the improved weight gain and

improved FCR (p < .01) in P. monodon. Nutrient digestibility of shrimp

fed with live Bacillus sp. DDKRC1.-supplemented feed or feed fer-

mented with Bacillus sp. DDKRC1. was higher as because the extra-

cellular enzyme produced by the bacteria complement the digestive

enzyme of shrimp (Ochoa-Solano & Olmos-Soto, 2006) and in case of

fermented feed, during fermentation bacteria could produce enzymes

which could help to reduce cellulose level and facilitated digestion of

feed (De et al., 2014). Apart from digestive enzymes, supplementa-

tion of cellulolytic bacteria provides additional nutrients such as vita-

mins, essential amino acid and fatty acids (Ray, Ghosh & Ringø,

2012). Overall, increased digestive enzyme activities and availability

of additional nutrients from microbes may have enhanced the nutri-

ent digestibility and growth performance in microbial supplemented

groups. The bacteria could also have improved digestive activity via

synthesis of vitamins and cofactors or via enzymatic improvement

(Gatesoupe, 1999). Also, the probiotic enzymes have a broader pH

range than the shrimp enzymes, which would prolong the digestion

period. The increased population of these favourable cellulolytic,

amylolytic and proteolytic bacteria in the gut, apart from secreting

the digestive enzymes and essential nutrients, colonize within the gut

and so prevent the colonization by pathogenic microbes (Vine, Leukes

& Kaiser, 2006). This may have caused the better survival in microbe

supplemented groups (De et al., 2015).

Supplementation of Bacillus to the diet of shrimp in the present

study improved the survival by activating cellular immune defences

of shrimp, which was manifested by increased THC, GH and NGH

count. The higher (p < .05) serum PO activity, antibacterial activity

and phagocytic activity in Bacillus sp. DDKRC1.-supplemented

shrimp indicated their higher immune response as compared to the

group without bacterial supplement. Increased immunity and disease

resistance of the black Tiger shrimp, P. monodon was reported

against Vibrio harveyi after supplementation of Bacillus S11 probiont

with the feed (Rengpipat et al., 2000). Gullian, Thompson and Rogri-

guez (2004) also reported better growth and improved disease resis-

tance in P. vannamei immersed in a suspension of Bacillus strain P64

in cultured water. The colonization of the shrimp gut by Bacillus sp.

presumably protected P. monodon against pathogenic bacterial infec-

tion through competitive exclusion (Rengpipat et al., 2000). Vibrio is

dominant in the gut and aquatic environment of crustaceans (Mori-

arty, 1990) and is also reported as a major bacterial pathogen in the

brackishwater fish and shrimp (Gatesoupe, 1999). In the present

study, Vibrio count of water in bacteria supplemented group was sig-

nificantly lower (p < .01).Though count of supplemented cellulolytic

bacteria was not measured in tank water of bacteria-supplemented

groups but it seems that reduced number of Vibrio resulted from the

competitive exclusion by bacteria fed to shrimp (De et al., 2015).

Carcass composition of experimental shrimp revealed that the

protein and lipid content was significantly (p < .01) higher in the bac-

terial-supplemented group compared with the control. This might be

due to higher conversion of feed nutrients to the carcass nutrient as

reflected by lower FCR, better protein digestibility and protein effi-

ciency ratio (De, Ghoshal & Kundu, 2012; De, Ghoshal, Kundu & Ali,

2011; De et al., 2015).

In the present study, it was clear that supplementation of live

Bacillus sp. DDKRC1. in feed augmented the growth and feed utiliza-

tion in shrimp. Moreover, improved performance regarding growth

and FCR was also observed when the feed was fermented with

Bacillus sp. DDKRC1. for 48 hr and fed to shrimp.

5 | CONCLUSION

Supplementation of Bacillus sp. DDKRC1. (JN641289), with plant

protein-based diet and fermentation of diet with the same bacterium

showed better effect on growth, digestibility, FCR, survival and

immune response of P. monodon as compared to diet without bacte-

rial supplement. Diet supplemented with live Bacillus sp. DDKRC1.

had a better effect than diet fermented with the same bacteria on

FCR, PER and gut digestive enzyme activity of P. monodon. The find-

ings of this study have practical significance towards the develop-

ment of feed probiotic for brackishwater aquaculture. However, our

finding should be confirmed through pond trials before they are

applied commercially. There is a scope for refinement with regard to

dose and form of supplementation and working out the economic

return.
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