
INTRODUCTION
Feed cost is considered to be the highest recurrent cost

in aquaculture, often ranging from 30% to 60%, depending
on the intensity of the operation (De Silva and Anderson
1995). Any reduction in feed costs either through diet
development, improved husbandry, or other direct or indi-
rect means is therefore crucial to the development and well-
being of the industry. A number of nutritionally balanced
feed formulations have already been tested successfully in
laboratory and field trials. Though the proper growth of fish
depends mainly upon the quantity and quality of food hav-
ing all the essential nutrients, there is a limit of maximum
growth for fish, even if optimum amount of balanced nutri-
ents is provided. Beyond this physiological limit, growth

may be possible either by genetic manipulation or by
administration of growth promoters (Matty 1986). In com-
pliance with this, a number of feed additives have been used
(Das and Krishnamurthy 1959 a, b, Sen 1972, Swain et al.
1996). Das (1965) and Jhingran (1983) postulated that
yeast, a rich source of vitamin B complex, plays important
roles in promoting survival of carp hatchlings. Mahajan and
Sharma (1976) observed that a combination of vitamin B
complex and yeast gives the best results in terms of survival
and growth of Cyprinus carpio and Labeo rohita. Yeast
alone or in combination with vitamins B12 and B complex
also significantly enhanced survival rates.

Brewer’s yeast is a by-product of the brewing industry
and constitutes the basic raw material for the manufacture
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Background. Yeast extract powder (YEP) is a rich source of several B vitamins and is used mainly in bacterial
culture. In the present study, the effect of dietary supplementation of YEP on growth, feed conversion, nutrient
ADC, body composition, and digestive enzyme profile of rohu, Labeo rohita (Hamilton, 1822) fingerlings was
evaluated.
Materials and methods. Rohu fingerlings (mean individual weight 1.76 ± 0.15 g) were fed, twice daily, fish
meal-based 35% protein diets supplemented with YEP (0.1%, 0.2%, 0.3%, 0.4%, and 0.5% on dry matter basis)
for 75 days at 3% of body weight, in triplicate. Fish performance in terms of growth, apparent nutrient digestibil-
ity, and whole body composition was studied. The intestinal protease and amylase activities were also determined
in rohu fingerlings fed YEP-supplemented diets. Microbial cultures of the intestinal mucosa of the fish in all
dietary treatments were carried out after the feeding trial in soybean-casein digest agar (TSA), gelatin-peptone
(GP), starch (ST) and carboxymethylcellulose (CMC) plates, separately, to determine the protease-, amylase, and
cellulase-producing capacities (qualitative) of the isolated organisms.
Results. The fish fed YEP-supplemented diets exhibited better growth than the control up to 0.2% level. YEP at
0.1% level resulted in the best performance of the fish in terms of per cent weight gain, SGR, FCR, and PER, fol-
lowed by the 0.2% level. YEP led to higher deposition of protein and lower deposition of lipid in the carcass. The
intestinal protease activity was highest in the fish fed 0.1% yeast, followed by 0.2%. Protease-producing capaci-
ty of the intestinal bacterial flora in the in vitro cultures followed the same trend. 
Conclusion. It appears therefore that YEP in the diets might have some effect on the gut microflora by supply-
ing additional digestive enzymes leading to better nutrient utilization.
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of yeast extract. Yeast extract consists of protein and other
intracellular constituents extracted by the process of autol-
ysis. It is a rich source of B vitamins and is used to sup-
ply these factors in bacterial cultures. Yeast extract serves
as an extracellular stimulant of bacterial growth and is fre-
quently used in culture media (Salle 1974).

The present study was designed to evaluate the effects
of yeast extract powder (YEP) as dietary supplementation
in five isonitrogenous diets for rohu, Labeo rohita, finger-
lings, and also to assess the role of yeast extract for pro-
duction of proteolytic and amylolytic enzymes by gut bac-
terial flora.

MATERIALS AND METHODS
Diet preparation. Six isonitrogenous diets (RD, D1,

D2, D3, D4, and D5) were prepared (Table 1). The experi-
mental diets (D1 to D5) were supplemented with YEP (Loba
Chemie Pvt. Ltd., India) in increasing amounts (0.1%, 0.2%,
0.3%, 0.4%, and 0.5% on dry matter basis, respectively).

Dietary ingredients were finely powdered and sieved
(pore diameter < 400 µm). The required ingredients were
mixed thoroughly with lukewarm water to make a dough,
using 0.5% carboxymethylcellulose as a binder. A vita-
min-mineral mixture (Vitaminetes Forte, Roche India
Ltd., India) was added to the diets before pelletization.
Chromic oxide (1% w/w) was added to each formulated
diet as an external digestibility marker. The dough was
steam-cooked and then passed through an electrically
operated semiautomatic pelletizer (pellet diameter 1.5
mm). The pellets were dried at 60°C, packed in air-tight
plastic bags and stored in refrigerator.

Experimental design. The feeding trial was conduct-
ed under laboratory conditions, in 18 glass aquaria, each
containing 90 L of water, for 75 days, with continuous aer-
ation. Rohu, Labeo rohita, fingerlings were obtained from
a local fish seed dealer and acclimatised for 15 days. The
fingerlings (mean individual weight of the 270 fingerlings
1.76 ± 0.15 g) were randomly distributed in the glass
aquaria at a stocking density of 15 fish per aquarium with
three replicates for each dietary treatment. The fish were
fed twice daily: at 0800 and 1200 h, at a feeding rate of
3% (w/w) of the total body weight per day. The daily
ration was adjusted every tenth day after weighing the fish
from each replicate. The uneaten feed was siphoned off 6
hours after each feeding, and oven dried at 100°C for 24 h
to calculate the feed conversion ratio. The uneaten feeds
remained almost intact due to the binder. The faecal sam-
ples released by the fish were collected daily from each
aquarium by pipetting (Spyridakis et al. 1989). The oven-
dried (60°C) faecal samples were analysed for digestibili-
ty estimation. Five fish from each aquarium were sampled
at the termination of the feeding experiment; they were
homogenised and analysed for whole body composition
(on wet weight basis). The ranges of water quality param-
eters were: temperature 13–22°C; pH 6.2–7.4; and dis-
solved oxygen 5.8–7.7 mg · L–1.

Chemical analyses and data collection. The feed
ingredients, experimental diets, and faecal samples were

analysed for proximate composition (Anonymous 1990) as
follows: moisture content, by oven-drying for 24 h at
105°C; crude protein (N ◊ 6.25), by the micro-Kjeldahl
digestion and distillation after acid digestion, using 
a Tecator Digestion System together with Kjeltec 1026
Distilling Unit (Tecator, Sweden); lipids, by extracting the
residue with petroleum ether (40–60°C) for 8 h in 
a Soxhlet apparatus; crude fibre, as loss on ignition of
dried lipid-free residues after digestion with 1.25% H2SO4

and 1.25% NaOH; ash, by ignition of samples at 550°C in
a muffle furnace to constant weight. Nitrogen-free extract
(NFE) was computed by taking the sum of values for crude
protein, crude lipid, ash, crude fibre, and moisture and sub-
tracting this from 100 (Maynard et al. 1979). Chromic
oxide levels in the diets and in the faecal samples were
estimated spectrophotometrically (Bolin et al. 1952).
Proximate analyses of whole body were done (Anonymous
1990) both at the beginning and termination of the feeding
experiment. The water quality parameters were monitored
as recommended by the APHA (Anonymous 1985).

The fish from each experimental set were dissected on
an ice tray to remove the intestine in order to determine the
digestive enzyme activities prior to commencement and at
the termination of the feeding trials. ·-Amylase was deter-
mined quantitatively following Bernfeld (1955). Protease
activity was measured as described by Moore and Stein
(1948), using bovine serum albumin as substrate.

Average live weight gain (%), specific growth rate
(SGR; % day–1), feed conversion ratio (FCR), and protein
efficiency ratio (PER) were calculated using standard
methods (Steffens 1989).

The apparent digestibility coefficients (ADC) of nutri-
ents were calculated according to Cho et al. (1982), using
the following formula:

ADC = 100–100 ◊

Microbial culture. Microbial cultures of the intestinal
mucosa collected from the fish of all six dietary groups were
carried out for bacterial isolation after completion of the
experiment, following the method described by Bairagi et al.
(2002). For this purpose, the homogenate of the intestinal
mucosa was used after five serial 1 : 10 dilutions (Beveridge
et al. 1991). Samples (0.1 mL) were taken from each dilu-
tion and poured aseptically within laminar flow on sterilised
soybean casein digest agar (TSA), gelatin-peptone (GP),
starch (ST), and carboxymethylcellulose (CMC) plates, sep-
arately one for each aerobic bacteria type. The culture plates
were incubated at 37 ± 1°C for 24 h. The colony forming
units (CFU · g–1) were determined and identified by external
morphology, then transferred to the culture plates (with the
same medium) to check their purity. The single colony was
finally transferred to slants (TSA) as pure culture. These
steps were conducted aseptically under laminar flow as well.

The organisms isolated from each dietary group were
tested for protease- and amylase-producing capacities
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(qualitative). The intensity of transparent zone (halo) pro-
duced by flooding the GP plates with protein-precipitating
reagent and ST plates with Lugol’s iodine indicated the
protease-and amylase-producing capacities, respectively.

Culture media composition. The composition of the
media used were as follows: TSA medium (g · L–1): casein
(15), papaic digest of soybean meal (5), NaCl (5), agar (20);
GP medium (g · L–1): Lablemco (3), peptone (5), gelatin (4),
agar (20); ST medium (g · L–1): (NH4)2SO4 (2), KH2PO4

(4), Na2HPO4 (4), MgSO4 · 7H2O (0.2), CaCl2 (0.001),
FeSO4 · 7H2O (0.004), starch (1.0), agar (15); CMC medi-
um (g · L–1): ST medium with starch substituted by CMC.

Statistical treatment. Analysis of variance (ANOVA)
followed by Duncan’s multiple range test (Duncan 1955)
was employed to find out which group of the fish differed
significantly from the other with respect to growth, whole
body composition, nutrient digestibility, profiles of diges-
tive enzymes, and general performance.

RESULTS
Growth performance and feed utilization. Data per-

taining to fish performance and survival are presented in
Table 2. Maximum weight gain was obtained with diet
D1, followed by D2. Diets D1 (0.1% YEP) and D2 (0.2%
YEP) resulted in a significantly higher growth, lower feed
conversion ratio (FCR), higher specific growth rate

(SGR%), and higher protein efficiency ratio (PER), com-
pared to other experimental diets. The apparent digestibil-
ity (ADC) of protein, lipids, and dry matter showed 
a decreasing trend with increasing levels of inclusion of
YEP. The digestibility of dry matter and protein was bet-
ter for diet D1, followed by D2. However, there was no
significant difference (P < 0.05) in protein digestibility
among diets D1, D2, and D3 and in lipid digestibility
among diets RD, D1, and D2. The lowest value of
digestibility of all the nutrients was recorded with diet D5
(the highest level of supplementation).

Proximate whole body composition. The whole
body moisture and lipid levels decreased, while the pro-
tein and ash contents increased, from the initial values in
all experimental groups. Diet D1 resulted in maximum
deposition of protein, followed by diet D2. The control
diet (RD) resulted in maximum deposition of fat in the
carcass, which was significantly (P < 0.05) higher than
that in all other dietary treatments. The ash content of the
fish fed diets D4 and D5 was significantly higher than that
obtained with RD and other experimental diets.

Aerobic bacterial counts. The bacterial population was
determined in selective medium in terms of colony forming
unit per g (CFU g–1) of intestinal tissue (Table 3). The CFUs
on TSA plates and on GP plates were highest in D1 group,
followed by D2 group. Though the amylolytic bacterial pop-
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Table 1
Ingredient composition (% dry weight) and proximate composition (on dry matter basis) of the experimental diets

aControl diet; bvitamin and mineral premix (Vitaminets Forte, Nicholas Piramal India Ltd., Pithampur,
Madhya Pradesh, India); each 800 mg tablet contains: vitamin A IP (as acetate) 2500 IU; thiamine mononi-
trate IP (vitamin B1) 2 mg; riboflavine IP (vitamin B2) 3 mg; nicotinamide IP 25 mg; pyridoxine hydrochlo-
ride IP (vitamin B6) 1.5 mg; calcium pantothenate IP 5 mg; cyanocobalamin IP (vitamin B12) 1 mcg; ascor-
bic acid IP (vitamin C) 50 mg; cholecalciferol IP (vitamin D3) 200 IU; ·-tocopherol acetate IP (vitamin E
acetate) 10 mg; biotin USP (vitamin H) 0.05 vmg; calcium phosphate IP 208 mg; dried ferrous sulphate IP
10.62 mg; magnesium phosphate, dibasic 48 mg; manganese hypophosphate 0.6 mg; total phosphorus 44.60
mg; cYEP: Loba Chemie Pvt. Ltd., P.B.No. 2042, Mumbai 400 002, India; dnumber of samples for each deter-
mination = 5; eNitrogen-free extract
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wet weight

Table 2
Growth performance, apparent nutrient digestibility, and carcass composition of fish fed experimental diets 

for 75 days (mean ± standard deviation of 3 determinations)

aControl diet; bInitial values: protein 10.28 ± 0.39; lipid 5.87 ± 0.23; ash 2.89 ± 0.12; values with identical superscript letters in the
same row are not significantly different (P < 0.05)

Table 3
Aerobic bacterial count (CFU · g–1 intestine) in Labeo rohita fingerlings fed experimental diets for 75 days

ND, not detected; 1Soybean casein digest agar; 2on gelatin-peptone (GP) plate; 3on starch (ST) plate; 4on car-
boxymethylcellulose (CMC) plate; *since one culture plate was used for each bacteria type, no statistical
analysis was possible for aerobic bacterial counts (CFU)

Intestinal
Intestinal

[mm]
[mm]

Table 4
Protease and ·-amylase activity in Labeo rohita fingerlings fed experimental diets for 75 days

aInitial value: 14.69 ± 0.58; binitial value: 7.14 ± 0.29; cwith pure culture of intestinal isolates; values with identical superscript
in the same column are not significantly different (P < 0.05)



ulation was not detected in RD group, it appeared in the fish
fed YEP-supplemented diets and reached a peak in D3 group. 

Activities of digestive enzymes. Intestinal ·-amylase
and protease activities in the fish fed experimental diets
are presented in Table 4. The activities of both enzymes
increased from the respective initial values in all the
dietary treatments. The intestinal ·-amylase activity was
highest with diet D2, while the protease activity was at a
maximum with diet D1. 

Bacterial enzyme producing capacity. In vitro
enzyme analyses of the isolated bacterial flora from dif-
ferent dietary groups showed a trend identical to that evi-
denced by the fish intestinal enzyme activity. The organ-
isms isolated from D1 dietary group showed a higher pro-
tease producing capacity, compared to that from other
dietary groups. ·-Amylase producing capacity was higher
in the bacterial flora isolated from D2 dietary group, fol-
lowed by D3. The ·-amylase production by the bacterial
flora isolated from the reference diet group was beyond
limits of detection.

DISCUSSION
The present study indicated the rohu fingerlings fed

diets supplemented with YEP at 0.1% and 0.2% levels to
show the best growth performance, FCR, and PER, com-
pared to the fish fed the control diet without YEP supple-
mentation (RD). Diets D3 and D4 with 0.3% and 0.4%
yeast extract supplementation, respectively, resulted in 
a relatively better growth of the fish, the growth indices
being not significantly different from those produced by
the reference diet. The diet with 0.5% YEP (D5) resulted
in a lower growth rate. In the present study, the growth rate
of rohu fingerlings was low compared to the fish growth
under natural and farm conditions. A similar trend of
growth was also reported in other nutritional experiments
involving major Indian carps, including rohu (Ravi and
Devaraj 1991, Benkappa and Varghese 2003,
Ramachandran and Ray 2004). A possible explanation for
this lower growth rate could be that the major Indian carps
are sensitive to environmental conditions and do not attain
maximum growth in a confined environment, compared
with other hardy species, such as tilapia and common carp
(Benkappa and Varghese 2003). Singh et al. (1986)
observed that yeast-containing diets are more readily
acceptable by rohu fingerlings. Those authors also found
that yeast increased the rate of feed intake and conversion
efficiency in rohu fry. Charlon and Bergot (1984)
achieved survival higher than 89% and good growth in
carp larvae fed exclusively dry diets enriched with yeast
powder and pork/beef freeze-dried liver. Dabrowski et al.
(1984) recorded significant growth in coregonid larvae fed
two different yeast-based diets. Swain et al. (1996) record-
ed the best performance of mrigal, Cirrhinus mrigala, fry
in terms of growth and nutrient utilization, with a diet sup-
plemented with 0.15% of a probiotic, Bioboost Forte
(containing live culture of the yeast Saccharomyces cere-
visiae and live culture of Lactobacillus coagulans). There
is, however, no report on effects of yeast extract supple-

mentation on the growth and survival of Labeo rohita fin-
gerlings. It has been reported that yeast in the diets
improves feed efficiency, organic phosphorus (phytic
acid) utilization, and fibre digestion (Pollman 1986). In
the present study, apparent digestibility of dry matter, pro-
tein, and lipids showed a trend similar to that found for the
growth performance.

In the present experiment, an increase in carcass protein
was noticed with increasing level of yeast extract in the
diets up to 0.4% level. The values were higher than that of
the reference diet. The maximum carcass protein was
recorded in the fish fed diet D1 supplemented with 0.1%
YEP. Swain et al. (1996) also recorded an increase in car-
cass protein of Cirrhinus mrigala fry fed probiotic
(Bioboost Forte)-supplemented diets. However, without
performing any enzymatic study, they attributed the
increase in carcass protein to the improvement of enzyme
activity in the gut as a result of which the nutrients were
spared for the growth and overall well-being of the animal.

Some authors have hinted at the potential importance
of intestinal microflora in fish nutrition (Hepher 1988,
Olsen and Ringø 1997). A number of factors can influence
the composition of the normal intestinal microflora
(Ringø et al. 1995). The effect of diet on the intestinal
flora depends upon biochemical composition of the diet
and was investigated in endothermic animals (Coppestock
and Zedd 1983, Goldin 1986, Raibaud 1988). The rela-
tionship of intestinal microflora to the food of marine fish
species was reported (Sera and Ishida 1972 a, b, Sera et al.
1972). The present investigation revealed a correlation
between the growth performance of Labeo rohita and
intestinal bacterial count (in terms of CFU · g–1) under in
vitro culture conditions (e.g. TSA, GP, ST, and CMC),
which is evident from the reduced growth of rohu finger-
lings fed diets containing YEP above 0.2% level (diets D3
to D5). Ringø and Strøm (1994) also demonstrated the
effect of diet on the intestinal microflora in Arctic charr,
Salvelinus alpinus. 

Another aspect to be considered is a possible contribu-
tion of the indigenous microflora to the nutritional process
of fish via extracellular bacterial enzymes (Ringø and
Birkbeck 1999). Hamid et al. (1979) reported the produc-
tion of protease, amylase, chitinase, and lecithinase by the
bacteria of the genera Vibrio and Enterobacter isolated
from the fish gut. Saha and Ray (1998) reported the pres-
ence of cellulolytic bacteria in the gut of Labeo rohita fin-
gerlings. The present study suggests that the supplementa-
tion with YEP might have played an important role by pro-
viding essential nutrients, not present in the feed ingredi-
ents, through microbial action or by improving the diges-
tive ability by activating enzymes (probably with cofac-
tors). Therefore, the contention of this investigation with
respect to the profiles of digestive enzymes (protease and
·-amylase) in the gut and the role of microbes in exoge-
nous enzyme production seems to be substantiated. 
The results obtained in this study indicate the positive
effect of oral administration of YEP to rohu fingerlings.
The better growth performance and nutrient digestibility
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in rohu fingerlings fed YEP-supplemented diets up to a
level of 0.2% might be due to the production of extracel-
lular enzymes by the gut microflora, which helped in a
better utilization of feed. However, further studies are
required to characterize (physiologically and biochemical-
ly) and to identify these microorganisms prior to any full-
scale application in commercial aquaculture.

CONCLUSION
The results of the present study indicate the better

growth performance and nutrient digestibility in rohu fin-
gerlings fed yeast extract powder (YEP)-supplemented
diets. YEP in the diets may stimulate the gut bacterial
flora to intensify production of proteolytic enzymes. The
positive effect of oral administration of YEP to rohu fin-
gerlings might be due to the production of extracellular
enzymes by the gut microflora, which helped in a better
utilization of feed. Higher levels of yeast extract powder
resulted in a reduction in the whole body lipid content.
YEP may potentially enable fish nutritionists to positively
influence the autochthonous microbial populations.
However, further research is needed to determine their
specific effects in the nutrition of fish.
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