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A 21-day feeding experiment was conducted to assess
the effects of diets supplemented with fish intestinal bacteria
producing extracellular enzyme on growth and survival of
rohu, Labeo rohita (Hamilton) spawn (average weight
0.3 mg). Intestinal bacteria were isolated from healthy rohu
fingerlings saverag� w�ight 3.51 _±0.31 _g). Six isocaloric
(4.24 kcal·g-) and 1somtrogenous \approximately 35% crude
protein) diets (Dl-D6) were prepared containing 32% fish
meal, 34% mustard oil cake, 30% rice bran, 2o/o cod liver oil,
and 2% vitamin premix. Experimental diets (D2-D6) were
supplemented with the isolated bacterial strain Bacillus circu
lans Lr 1.1 at five different levels (4 x 105, 4 x 106, 4 x 107,
4 x 108 and 4 x 10 10 cells per 100 g of feed, respectively).
Rearing of spawn on diet D5 (supplemented with 4 x 108 cells
per 100 g) resulted in better growth and survival (97.33
±1.15%) of rohu spawn compared to those with the control
diet (diet Dl, without any microflora supplementation) and
other experimental diets. Diet D5 resulted in significantly
higher growth and specific growth rate (SGR) followed by di
ets D6 and D4. RNA and DNA contents in the spawn were
measured as an index of growth. The correlation coefficient
(r value) of 0.831 and regression line having a slope of 0.79
suggested a significant positive correlation (0.01 level) be
tween RNA-DNA ratio and specific growth rate.
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INTRODUCTION
The degree of survival and well being of carp larvae dictate the success and failure of
the fish culture programme. Due to non-availability of proper larval diet, the rate of sur
vival is, in general, very low. Therefore, supplemental nutrition in the form of artificial
compounded feed in appropriate quality and quantity is one of the important factors and
development of larval diet should be given priority. The importance of a quality larval diet
has been increasing day by day with the advancement of multiple spawning of carps. Sev
eral attempts have been made to develop artificial diets to replace live food in the rearing
of fish larvae (Chow 1980; Bryant and Matty 1981; Anonymous 1983; Dabrowski and
Kaushik 1985; Csengeri and Petitjean 1987; Alami-Durante et al. 1991; Mohanty et al.
1996). Although there are reports on the use of microencapsulated diets (Chow 1980;
Anonymous 1983), no standard larval diets are available for Indian major carps.
"Probiotics are the live microbial cells that beneficially affect the host animal with
the aim of improving health" (Gatesoupe 1999). In the present study, an attempt has been
made to investigate the probiotic effects of extracellular enzyme producing microflora iso
lated from fish gut, on the growth and survival of rohu, Labeo rohita, spawn. RNA-DNA
ratio was measured after rearing period as an index of growth.
MATERIAL AND METHODS
I s o l a t i o n a n d s e l e c t i o n o f i n t e s t i n a l b a c t e r i a l fl o r a
Intestinal bacterial flora was isolated from ten healthy fingerlings of rohu, Labeo ro
hita (average weight 3.51 ±0.31 g).The fish were starved for 24 h and the ventral surface
of the fish was scrubbed with 1% iodine solution (Trust and Sparrow 1974). The intestine
from all fish was dissected out aseptically and homogenised with 0.89% NaCl solution
(10 : 1) (Das and Tripathi 1991) The homogenate was used as inoculum. One ml of ho
mogenised sai11ple (10-1) was spread on sterilised soybean-casein digest agar (Tryptone
Soya Agar, HiMedia, India) plates and incubated at 37°C for 24 h in duplicate. Colonies
with different morphological appearance were isolated and streaked separately on TSA
plates to check their purity. Isolated colonies were characterised and identified (Ghosh et
al. 2002). Among them Lr 1.1 strain of Bacillus circulans was selected for incorporation
into diets for its excellent protease and moderate cellulase producing capacities.
Diet preparation
Six isocaloric and isonitrogenous diets (Dl-D6) were prepared containing similar in
gredient composition (fish meal, 32%; mustard oil cake, 34%; rice bran, 30%; cod liver oil,
2%; vitamin premix, 2%). Experimental diets (D2-D6) were suppkmented with the iso
lated bacterial strain of Bacillus circulans at five different levels (4 x 105 , 4 x 106, 4 x 107,
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4 x 108 , and 4 x 10 10 cells per 100 g of feed, respectively. The control diet (DI) was not
supplemented with bacterial cells (Table 1). The feed ingredients were finely powdered and
fortified with cod liver oil and vitamin mineral premix (Vitaminetes Forte, Roche India
Ltd., India). The experimental diets were mixed with desired quantities of bacterial cells in
tryptone soya broth suspension culture. The homogenous mixtures of different diets were
spread over aluminium foil and dried at 40° C in a hot air oven. The dried mixture was
powdered and sieved to obtain micropellets.

Table 1

Ingredient composition (% dry weight) and proximate composition (on dry matter basis)
ofexperimental diets
Ingredients
IFish meal
!Mustard oil cake
OCUce bran
Cod liver oil
!Vitamin mineral mixture a
INo. ofBacillus circulans cells (per 100 g)
Moisture
!Dry matter
Crude protein
Crude lipid
Ash
Crude fibre
Nitrogen free extract (NFE)
Organic matter
Gross energy (kcal·g-1)

Dl
32
34
30
2
2
0
5.29
94.71
34.86
7.06
13.49
10.63
28.67
81.22
4.25

Diets

D4
32
32
32
34
34
34
30
30
30
2
2
2
2
2
2
4 X 105 4 X 106 4 X 107
Proximate comoosition
5.87
5.64
6.12
94.36 94.13 93.88
34.65 35.33 34.66
7.07
7.32
7.28
13.42 13.67 13.17
10.60 10.58 10.55
28.41 27.48 28.18
80.94 80.46 80.71
4.24
4.22
4.25

D2

D3

D5
32
34
30
2
2
4 X 108
%) b
5.95
94.05
35.83
7.52
13.71
10.52
26.47
80.34
4.25

D6
32
34
30
2
2
4 X 1010
6.23
93.77
36.12
7.28
13.80
10.71
25.87
79.97
4.23

•vitamin and mineral mixture (Vitaminetes Forte, Roche Products Ltd, 24128 Pt. M. M. Malaviya
Road, Mumbai 400 034, India).
b Number ofsamples for each determination = 3,

Ex p e r i m e n t a l d e s i g n
The experiment was conducted in laboratory condition for 21 days. Rohu spawn were
obtained from induced spawning of a single pair of rohu supplied by a local fish seed
dealer. Four-day-old larvae were brought to the laboratory and acclimated for two days
feeding on mixed plankton. One hundred acclimated spawn of similar size (average length
5 mm; weight 0.30 mg) were randomly distributed in plastic containers filled with 15 dm3
of unchlorinated water from a deep tubewell. Constant aeration was provided to each con
tainer using air compressor. Dissolved oxygen content, temperature, and pH of water were:
4.9-7.3 mg·dm-3 , 22.8-28.2° C and 6.6-7.3 respectively during the experimental period.
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Feeds were offered ad libitum every 30 minutes commencing at 0900 hrs daily. The
unconsumed feed and faecal matter were removed twice a day by siphoning. The containers
were thoroughly cleaned every other day and filled with fresh water.
Ch e m i c a l a n a l y s e s a n d d a t a c o l l e c t i o n
Proximate composition of the diets was analysed according to the AOAC procedures
(Helrich 1990). Growth increment was monitored regularly at 5 day intervals by sampling
20 larvae from each container. Final sampling was done after 20 days by weighing all the
surviving fish from container after ensuring complete evacuation of feed by the starving
process.
Average live weight gain(%) and specific growth rate(SGR) were calculated using
standard methods outlined by Steffens (1989).
To estimate DNA and RNA contents, DNA and RNA aliquots were prepared from
100 mg offish tissue (Munro and Fleck 1966). DNA and RNA contents ofthe aliquot were
estimated following the methods of Burton (1956) and Marham (1955), respectively. The
ratio ofRNA to DNA was used as an index to growth.
The water quality parameters were monitored following the methods outlined by
APHA (Anonymous 1985).
ANOVA, followed by multiple range test(Duncan 1955), was employed for statisti
cal analysis. To correlate RNA-DNA ratio and specific growth rate, correlation coefficient
(r value) and regression analysis between these two parameters were performed using Mi
crosoft Excel software.
RESULTS
The ingredient composition and proximate composition of the formulated diets are
presented in the Table 1. Diets were isonitrogenous (about 35% crude protein) and isocalo
ric (4.24 ±1 kcai·g-1). Dry matter, iipid, and ash contents varied within a dose range
(93.77-94.71%, 7.06---7.32% and 13.17-13.80%, respectively).
No disease or abnormality of rohu spawn was observed during the experimental pe
riod. The performance of spawn in terms of growth, survival and RNA-DNA contents is
depicted in Table 2. Bacillus circulans Lr 1.1 incorporated diet D5 resulted in best growth
and survival of rohu spawn comparing to the control diet (Dl) and other experimental di
ets. Diet D5 resulted in significantly higher (P > 0.05) growth and specific growth rate
(SGR) followed by diets D6 and D4. Higher growth was supported by the increment of
both, weight and length of the spawn. Poor survivability of spawn was recorded with the
control diet (without bacteria supplementation). However, it was improved with the sup
plementation of intestinal bacteria up to an inclusion level of 4 x l08 cells 100 g-1 of feed
(D5).
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Table2

Performance ofrohu spawn fed experimental diets for 20 days.
The results are mean±SD of5 determination
!Performance
Weight (mg)"
!Length (mm
Survivability
SGR (%·day-1)
IRNA (mg·g-1)°
!DNA (mg·g-1/
IRNAIDNA

t

Diets
DI
D4
D2
D5
D3
D6
8.9±0.25b 10.9±0.34" 9.2±0.28"b
3.2±0.l d
6.4±0.23c
8.5±0.31b
8.5±0.25d 9.75±0.35c 10.5±0.35b 10.8±0.4b 12.8±0.50" 11.0±0.25b
81.66±2.08d 87.66±2.5l bc 91.33±2.52b 94.66±1.52"b 97.33±1.15" 87.00±2.64c
11.27±0.35d 14.57±0.43c 15.92±0.7l b 16.14±0.75b 17.11±0.43" 16.30±0.11al
0.67±0.02° 1.14±0.03d 1.15±0.03d 1.28±0.02c 1.92±0.04" 1.73±0.03b
0.24±0.02" 0.225±0.03' 0.225±0.01' 0.22±0.01° 0.21±0.01· 0.22±0.01"
2.79±0.13° 5.07±0.21d 5.11±0.25d 5.82±0.29° 9.14±0.42" 7.86±0.35b

a Initial weight: 0.30 mg; b Initial length: 5.0 mm; c Initial value ofRNA: 0.32 mg·g-1; d Initial
value ofDNA: 0.21 mg·g-1
Values with same superscript in the same row are not significantly different (P < 0.05)
The RNA and DNA contents of rohu spawn differed significantly (P < 0.05) among
different dietary treatments. The group of spawn showing higher growth rate (with diet D5)
exhibited higher RNA-DNA ratio. The elevated RNA-DNA ratio was associated with
higher levels ofRNA and lower levels ofDNA.
A significant positive correlation was obtained between RNA-DNA ratio and spe
cific growth rate of 18 dietary groups (6 groups in triplicate). The r-value of 0.831 suggests
a significant relationship (99% significant) between growth and the RNA-DNA ratio
(Fig. 1).

y = 0. 7903x + 10.504

18.5

•

_ 16.5

C

�e

J

"
:;::
·.:;"'
c.

.•• �:::;;;'.
/./..'

14.5

en 12.5

•

10.5

+----.----.-----,------,
°

2.5

4.5

6.5

8.5

10.5

RNA-DNA ratio

Fig. 1. A regression of the specific growth rate vs. RNA-DNA ratio
ofrohu spawn fed experimental diets for 21 days
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The regression analysis in which specific growth rate was correlated to its RNA
DNA ratio gave the regression line showing a slope of0.7903. The slope ofthe regression
line was significant at the 0.01 level.
DISCUSSION
The development offish fanning on a commercial scale is limited for many species
due to difficulties in producing sufficient quantities oflarvae and juveniles, and high mor
talities can occur during the early stages of larval rearing, especially during the transition
from the yolk sac to the first feeding stage ofdevelopment (Ring0 and Birkbeck 1999). It is
well known that in nurseries, rate oflarval survival is very low (30-40%) and hence use of
the larval diet for large scale indoor rearing may be found economically justified in the
long run without involving much management practices.
Rice bran and oil cakes ofvarious origins are the most widely used ingredients in the
preparation of conventional supplementary diets for carp larvae and fry. Mitra and Das
(1965) studied the efficacy of oil cake, rice bran; and black gram as feed for carp larvae.
Tripathi et al. (1979) obtained improved survival (over 80%) of carp larvae using a diet
comprising a mixture offishmeal, groundnut oil cake, and rice bran (1 : 1 : l). In those in
vestigations basically fishmeal, rice bran, and mustard oil cake were used to formulate the
diets. Csengeri and Petitjean (1987) reported a survival rate of80% in cyprinid larvae using
a liver based diet whereas, more than 80% survival rates were achieved in the present study
even in the control groups.
The differences in growth and survival of rohu spawn between treatments could be
attributed to the quality ofdiets. Supplementation ofintestinal microflora increased the nu
tritional efficiency ofthe formulated diet. Fish fed diets D5 (4 x 10 8 cells) and D6 (4 x 10 10
cells) resulted in better growth and survival ofspawn in comparison to the control (without
Bacillus supplementation) and 01:.t1.er experiinental diets. Improvement of the nutritional
efficiency ofdiet may be due to the probiotic effect ofthe bacteria used. The importance of
application of probiotics has been discussed by several authors (Gatesoupe 1991; Str0m
and Ring0 1993; Mohanty et al. 1993, 1996; Swain et al. 1996). The main strategy ofusing
probiotics is to isolate intestinal bacteria with favourable properties from mature animals
and include them in the feed for immature animals of the same species (Gildberg et al.
1997). The beneficial effects of probiotics in larval rearing have been demonstrated in
other fishes by several investigators (Charlon and Bergot 1984; Dabrowski and Kaushik
1985; Bergot et al. 1986; Alami-Durante et al. 1991).
The intestinal tract offish larvae is much more simply organized and shorter than that
of the adults (Stroband and Dabrowski 1979), which is associated a low production ofdi
gestive enzymes. The larvae therefore, simply do not have the necessary enzymes or the
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amount of digestive enzymes to digest the feed at the optimal level. Jancarik (1964) sug
gested that the fish larvae could utilize live food well because of the exogenous enzymes
present within the food organisms taken in. Exogenous enzymes extracted from bacteria or
fungi could therefore, be incorporated into larval feeds to aid in digestion. In the present
study, Bacillus circulans bacteria producing extracellular enzyme, might have supplied di
gestive enzymes and certain essential nutrients to promote better growth and survival as
indicated by Douillet and Langdon (1994), who observed faster growth and higher survival
in Pacific oyster fed algae supplemented with CA2 bacterium.
RNA and DNA contents in the spawn were measured both prior to commencement
and termination of the experiment, and the RNA-DNA ratio was correlated with the
growth. The usefulness ofRNA concentration as an indicator of growth has been proven by
Neidhardt and Megasanik (1960) for bacteria and shown it to be equally applicable to fish.
Rapidly growing organisms apparently synthesize and accumulate the RNA needed for pro
tein synthesis. Consequently, RNA and the ratio ofRNA to DNA are useful as an index of
growth. In the present study, RNA-DNA ratios in rohu spawn were positively correlated to
the trends in growth as has been indicated by several authors (Bulow 1970, 1971; Haines
1973, 1980; Bulow et al. 1981). Wilder and Stanley (1983) confirmed the relationship be
tween growth and RNA-DNA ratios in brook trout, Salvelinus fontinalis and Atlantic
salmon, Salmo salar. In the present study, the elevated RNA-DNA ratios were associated
with higher levels ofRNA and lower levels of DNA. Increased RNA-DNA ratios noticed
in rohu spawn corresponding to growth increment are indicative of higher protein synthesis
which could be attributed to probiotic effect of the bacterium used.
CONCLUSIONS
It is concluded from the results of this study that the supplementation of enzyme producing bacterial strain, Bacillus circulans Lr 1.1 helps in better sUi.·...·vival a..�d gro,vth of rohu
larvae. Therefore, the use of Bacillus circulans as probiotics may 1:Je practiced as a tool for
formulation of starter diets to obtain better growth and survability of carp larvae.
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WZROST I PRZEZYWALNOSC WYL�GU GRUBOWARGA, LABEO ROHITA (HAMILTON)
ZVWIONEGO PASZAMI WZBOGACONYMI MIKROFLORA JELITOW;\ RYB
STRESZCZENIE
Przeprowadzono 2l�dniowe doswiadczenie dla oceny efekt6w zastosowania pasz zawiera
jitcych bakterie jelitowe ryb wytwarzaj1tce egzogenne enzymy w zywieniu wyl�gu grubowarga,
Labeo rohita (Hamilton) (srednia masa 0,3 g). Bakterie jelitowe byly wczesniej izolowane ze
zdrowego n�bku grubowarga (srednia masa 3,51 +0,31 g). Przygotowano szesc izokalorycznych
(4,24 kcal·g- ), izoazotowych (w przyblizeniu 35% bialka og6lnego) wariant6w paszowych
(Dl-D6) zawierajitcych 32% mitczki rybnej, 34% wytlok6w gorczycy, 30% otritb ryzowych,
2% wittroby dorsza oraz 2% premiksu witaminowego. Kazdy z wariant6w paszowych (Dl-D6)
wzbogacono wczesniej izolowan,11:1 szczepem bakterii Bacillus circulans Lr 1.1 w ilosci odpo
wiednio: 4 x 105, 4 x 106, 4 xlO, 4 x 108 oraz 4 x 1010 kom6rek na 100 g paszy. Wyl�g zywiony
paszit D5 (z dodatkiem 4 x 108 kom6rek na 100 g) uzyskal lepsze przyrosty masy i mial wi�kszit
przezywalnosc (97,33 +1,15%) w por6wnaniu do ryb zywionych pasz1t kontrolnit (Dl - bez dodat
ku bakterii). Zastosowanie paszy D5 spowodowalo statystycznie istotnie lepszy dobowy przyrost
jednostkowy (SGR). Nieco gorsze okazaly si� wyniki na paszach D6 i D4. Stosunek RNA i DNA
w wyl�gu wykorzystano jako wskainik wzrostu. Wsp6lczynnik korelacji (r) na poziomie 0.831
oraz wskaznik nachylenia prostej regresji (0.79) wskazujit na statystycznie istotnit korelacje
(p < 0,01) pomi�dzy proporcjami RNA-DNA oraz dobowym przyrostem jednostkowym.
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