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Background. Because of the advancement of multiple spawning of carps, the
importance of a quality larval diet is increasing day by day. The larval fish do not have
the necessary enzyme or the amount of digestive enzymes to digest feed at optimum
level. Therefore, fermentation of feed ingredients and/or formulated diets by bacterial
enzymes to produce simpler forms of nutrients may be beneficial for them. 
Materials and methods. Five isocaloric (4.38 kcal·g-1) and isonitrogenous (35% crude
protein approximately) experimental diets (D1–D5) containing 32% fish meal, 34% mustard
oil cake, 30% rice bran, and 2% cod liver oil, were fermented in vitro with Bacillus circulans
cells (at the rate of 108 bacterial cells per g) at 37°C for 1–5 day duration (1 day: D1, 2 days:
D2, 3days: D3, 4 days: D4, and 5 days: D5). The bacterial strain [extracellular enzyme
producer Bacillus circulans (Lr 1.1)] used for fermentation was isolated from the intestine of
rohu, Labeo rohita fingerlings. The reference diet (RD), containing same ingredients, was not
fermented with bacterial cells. Rohu spawn (av. wt. 0.35 ± 0.01 mg) were fed ad libitum for
21 days in the laboratory condition at 30 minutes interval starting from 0900 h to 1600 h.
Results. Fermentation of diets resulted in an increase in crude protein and free amino
acid contents and decrease in crude fibre content. Diets D4 and D5 resulted in best
growth and survival (98% and 98.33%, respectively) of rohu spawn compared to those
fed with the reference diet (RD) and other experimental groups. A significant positive
correlation was obtained between RNA : DNA ratio and specific growth rate (SGR) of
18 dietary groups (6 groups in triplicate). 
Conclusion. Fermentation of feed ingredients may be practiced as a tool for starter diet
formulation to obtain better growth and survival of rohu spawn. The enzyme—
producing strain, Bacillus circulans could be used to ferment diets for 4 to 5 days to
increase the bioavailability of nutrients.
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INTRODUCTION

Considering the importance of survival and well being of carp larvae (spawn) in
the fish culture programme, research on the nutrition of fish larvae/spawns should be
prioritised. Due to non-availability of proper larval diet, the rate of survival in general,
is very low. Therefore, supplemental nutrition in the form of artificial compound feed
in appropriate quality and quantity is one of the important factors for better survival
and growth of fish larvae. The importance of a quality larval diet is increasing day by
day with the advancement of multiple spawning of carps. Several attempts have been
made to develop artificial diets to replace live food in the rearing of fish post larvae
(Chow 1980, Bryant and Matty 1981, Dabrowski and Kaushik 1985, Csengeri and
Petitjean 1987, Alami-Durante et al. 1991, Mohanty et al. 1996, Ghosh et al. 2002a).
Although there are reports on the use of microencapsulated diets (Chow 1980,
Anonymous 1983), no standard larval diets are available for Indian major carps.

The intestinal tract of fish larvae is much more simple in organisation and shorter
than that of the adults (Stroband and Dabrowski 1981), correlating with a low
production of digestive enzymes. The larvae therefore, simply do not have the
necessary enzymes or the amount of digestive enzymes to digest the feed at the
optimal level. Hence, fermentation of feed ingredients by bacterial enzymes to
produce simpler forms of nutrients may be beneficial for them. In an earlier study, we
supplemented the diets for rohu, Labeo rohita (Hamilton, 1822) spawns with the
enzyme-producing bacterial strain of Bacillus circulans (isolated from the intestine of
healthy rohu fingerlings) and observed better survival and growth with bacteria-
supplemented diets (Ghosh et al. 2002a). Moreover, there are chances of decrease in
the activity of enzymes during processing of feeds. Keeping this view in mind, we
fermented the diets with the same bacterial strain for different duration and evaluated
the effect of fermented diets on growth and survival of rohu spawn. RNA : DNA ratio
was measured after rearing period as an index of growth.

MATERIALS 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  g u t  b a c t e r i a l  f l o r a
The bacterial strain was isolated from the intestine of ten healthy fingerlings of

rohu, Labeo rohita (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 prior to dissection
(Trust and Sparrow 1974). The intestine from all fish was dissected out aseptically and
homogenized with 0.89% NaCl solution (10 : 1) (Das and Tripathi 1991). The
homogenate was used as inoculum. 1 ml of homogenized sample (10-1) was spread on
sterilized soybean-casein digest agar (Tryptone Soya Agar, Hi Media, Mumbai, 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 characterized and identified (Ghosh et al.
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2002b). Among them Lr 1.1 strain of Bacillus circulans was selected for fermentation
of diets because of its excellent protease and moderate cellulase producing capacities.
P r e p a r a t i o n  o f  b a c t e r i a l  s e e d  c u l t u r e

The selected bacterial strain was grown in shake bottles in 4% tryptone soya broth
(Hi-Media, India) for seed culture. After 24 h of growth at 37°C, an average viable
count of the suspension culture was about 107 cells per ml of broth. This was used as
bacterial seed for fermentation.
D i e t  p r e p a r a t i o n

The inclusive reference diet (RD), six isocaloric (4.38 kcal · g-1) and isonitrogenous
(35% crude protein approximately) diets were prepared with the ingredient composition
depicted in Table 1 (fish meal, 32%; mustard oil cake, 34%; rice bran, 30%; cod liver oil,
2%; and vitamin premix, 2%). Experimental diets (D1 to D5) were fermented in vitro
with B. circulans culture for different duration, viz. D1 for one day, D2 for two days, D3
for three days, D4 for four days, and D5 for five days, respectively. The reference diet
(RD) was not fermented with bacterial culture. The feed ingredients were finely
powdered and fortified with cod liver oil and vitamin mineral premix (Vitaminetes Forte,
Roche India Ltd., Mumbai, India). The experimental diets were moistened with 50%
weight/volume liquid basal medium containing [g·l–1]: KH2PO4, 4; Na2HPO4, 4;
MgSO4·7 H2O, 0.2; CaCl2, 0.001; FeSO4·7 H2O, 0.004 and autoclaved for sterilization. 

The sterilized diets were fermented with tryptone soya broth suspension culture of
Bacillus circulans Lr 1.1 at the rate of 108 bacterial cells per g for varying periods
mentioned earlier at 37°C in an incubator. Following fermentation, the experimental
diets were sun dried for 4 hours daily for 4 days. The dried diets were powdered and
sieved to obtain micropellets prior to feeding (Table 2).
E x p e r i m e n t a l  d e s i g n

The experiment was conducted under laboratory conditions for 21 days. Rohu
spawns were obtained from induced spawning of a single brood supplied by a local
fish seed dealer. Four-day-old spawns 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 0.35 mg) were randomly distributed in plastic
containers containing 15l non-chlorinated water from a deep tube well. Constant
aeration was provided to each container using air compressor. Dissolved oxygen
content, temperature, and pH of water amounted to 5.2–7.8 mg · l-1, 26.8–30.2°C, and
6.5–7.5, respectively during the experimental period.

Feeds were offered ad libitum every 30 minutes commencing at 0900 h till 1600 h
daily for 21 days. The unconsumed feed and faecal matter were removed twice a day
by siphoning. The containers were thoroughly cleaned every alternate day and filled
with fresh water.
C h 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 (Anonymous 1990) as follows: Moisture was determined by oven drying
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at 105°C for 24 h; crude protein (nitrogen ◊ 6.25) by micro Kjeldahl digestion and
distillation after acid digestion using a Kjeltec 1026 distilling unit together with a
Tecator 2000 Digestion System (Tecator, Sweden); lipid by extracting the residue with
40–60°C petroleum ether for 7–8 h in a Soxhlet apparatus; crude fibre as loss on
combustion of dried lipid-free residues after digestion with 1.25% H2SO4 and 1.25%
NaOH; and ash was determined by combustion at 550°C in a muffle furnace to
constant weight. Estimation of total free amino acids was conducted according to
Moore and Stein (1948) using ninhydrin reagent dissolved in methyl cellosolve (2
methoxyethanol). Growth increment was monitored regularly at 5-day intervals by
sampling 20 spawn from each container. Final sampling was done after 21 days by
weighing all the surviving fish from each container after ensuring complete
evacuation of feed by the starving process.

Average live weight gain [%] and specific growth rate SGR [% per day] were
calculated using standard methods outlined by Steffens (1989).

To estimate DNA and RNA contents, DNA and RNA aliquots were prepared from
100 mg of fish tissue (Munro and Fleck 1966). DNA and RNA contents of the aliquot
were estimated following the methods of Burton (1956) and Marham (1955),
respectively. The ratio of RNA to DNA was used as an index of 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
statistical analysis. To correlate RNA : DNA ratio and specific growth rate, correlation
coefficient (r value) and regression analysis between these two parameters were
performed using Microsoft Excel software.

RESULTS

D i e t s
The ingredient composition and proximate composition of the formulated diets are

presented in the Table 1. Diets were isonitrogenous (approximately 35% crude
protein) and isocaloric (4.38 ± 0.03 kcal · g-1). Dry matter and ash contents varied
within a close range (95.71–94.77% and 13.04–12.30%, respectively). However, a
decreasing trend of lipid content was noticed in the fermented diets. Fermentation of
diets also decreased the crude fibre levels significantly, whereas, increase in the levels
of crude protein and free amino acid contents was noticed.
G r ow t h  a n d  s u r v i va l

The performance of spawns in terms of growth, survival and RNA : DNA contents
is depicted in Table 2. Fermented diets were acceptable to the spawns and no disease
or abnormality was observed during the experimental period. Bacillus circulans-
fermented diet D5 resulted significantly (P > 0.05) higher growth and specific growth
rate (SGR, %) followed by diets D4 and D3. Survival of rohu spawn was also higher
in the group fed diet D5 as compared to that with the reference diet (RD) and other
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experimental groups. Higher growth was supported by the increment of both, weight
and length of the spawn. Poor survivability of spawn was recorded with the reference
diet (without fermentation). 
R N A :  D N A r a t i o

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 of RNA and lower levels of DNA. 

A significant positive correlation was noticed between RNA : DNA ratio and
specific growth rate of 18 dietary groups (6 groups in triplicate). The r-value
(correlation coefficient) of 0.984 suggests a good direct relationship (99% significant)
between growth and the RNA : DNA ratio (Fig. 1). 

Fig. 1. A regression of the specific growth rate vs. RNA : DNA ratio of rohu spawn
fed experimental diets for 21 days 

The regression analysis in which specific growth rate was correlated to RNA : DNA
ratio gave the regression line showing a slope of 1.195. The slope of the regression
line was significant at the 10% level.

DISCUSSION

The development of fish farming on a commercial scale is limited for many species
due to difficulties in producing sufficient quantities of larvae and juveniles, and high
mortalities can occur during the early stages of larval rearing, especially during the
transition from the yolk sac to the first feeding stage of development (Ringø and
Birkbeck 1999). 
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It is well known that in nurseries, the rate of larval survival is very low (30–40%)
and hence use of the larval diet for large scale indoor rearing may be found
economical in the long run without involving much management practices. In the
present experiment, an attempt has been made to formulate a proper diet for rohu,
Labeo rohita, spawn, where diets were fermented with an extracellular enzyme
producing microflora in vitro for varying periods. 

The differences recorded in growth and survival of rohu spawn between treatments
could be attributed to the quality of diets. Fermentation of diets increased the
nutritional efficiency of the formulated diet in rohu spawns. Fish fed diets D5 and D4
exhibited better growth and survival of spawns in comparison to the reference diet
(without fermentation) and other experimental diets. Improvement of the nutritional
efficiency of diet may be due to the fermentative effect of the bacteria used. The
beneficial effects of probiotics in larval fish have been demonstrated by several
investigators (Charlon and Bergot 1984, Dabrowski and Kaushik 1985, Bergot et al.
1986, Alami-Durante et al. 1991, Ghosh et al. 2002a). However, the effect of
fermentation with a probiotic bacterium has not been demonstrated.

As indicated earlier, fish larvae do not have the necessary enzymes or the amount
of digestive enzymes to digest the feed at the optimal level. In our previous study
(Ghosh et al. 2002a), extracellular-enzyme-producing bacteria, Bacillus circulans
promoted better growth and survival of rohu spawn that might be due to production of
digestive enzymes and certain essential nutrients as indicated by Douillet and
Langdon (1994), who observed faster growth and higher survival in Pacific oyster fed
algae supplemented with CA2 bacterium. In this study, diets were fermented with the
same extracellular enzyme producer strain Lr 1.1 of Bacillus circulans. 

Nutrient losses may occur during fermentation as a result of leaching, destruction by
light, heat or oxygen or microbial utilization (Jones 1975). However, loss of nutrients
during fermentation is commonly negligible and there may be an increase in the nutrient
level through microbial synthesis (Wee 1991). Bairagi et al. (2002) recommended the
use of fermented Lemna leaf meal up to 30% as a dietary ingredient for Labeo rohita
fingerlings without any adverse effect on growth. High levels of fibre in the diet are
known to retard the growth of fish (Anonymous 1977, Edwards et al. 1985) and may be
responsible for poor digestibility (De Silva et al. 1990). The fermentation of diets in the
present study resulted in an increase in total free amino acids, and decrease in crude
fibre level. Increase in total free amino acid content might be due to the bacterial
breakdown of dietary protein, or production of amino acids (Fong and Mann 1980) by
the extracellular protease producing bacteria during the process of fermentation. The
bacterium, Bacillus circulans was found to produce moderate amount of cellulase
(Ghosh et al. 2002b) and that might be the cause of decrease in crude fibre content of
the diets. The beneficial effect of fermentation could be substantiated from the results of
the present study as fish reared on fermented diets D5 and D4 showed better growth and
higher survival (over 98%) compared to other experimental diets.
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RNA and DNA contents in the spawn were measured both prior to commencement
and on termination of the experiment, and the RNA : DNA ratio was correlated with
growth. The usefulness of RNA concentration as an indicator of growth has been
established by Neidhardt and Megasanik (1960) for bacteria and shown to be equally
applicable to fish. Rapidly growing organisms apparently synthesize and accumulate
the RNA needed for protein synthesis. Consequently, RNA and the ratio of RNA 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 workers (Bulow 1970, 1971, Haines 1973, 1980, Bulow et al. 1981, Ghosh et
al. 2002a). Wilder and Stanley (1983) confirmed the relationship between 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 of RNA 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 fermented diets containing more total free amino acids
than the reference diet.

CONCLUSIONS

Fermented diets could be recommended for rohu spawns in the nurseries for better
survival and growth and that the enzyme producing fish intestinal bacterial strain of
Bacillus circulans could be a suitable inoculum for fermentation. Fermentation for 4
to 5 days is sufficient to increase the bioavailability of nutrients to spawn.
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