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ABSTRACT

Dried water fern (Azolla pinnata) leaf meal was substituted for fish meal in practical diets of Labeo rohita
fingerlings. Five isonitrogenous diets (38% crude protein) were formulated in which fish meal (68.9% crude
protein) was replaced at varying levels (D; = Control, 0% replacement; D, = 25%; D3 = 50%; D, = 75% and Ds
= 100%) with protein from Azolla meal (25.81% crude protein). Carp fed a control diet had significantly (p <
0.05) better growth response and nutrient utilization. Growth depression of fish increased with increasing
dietary levels of Azolla meal. Diet Ds containing 100% replacement of Azolla meal gave the poorest feed
conversion ratio as it contain higher amount of trypsin inhibitor. There was marked reduction in cost the diets
incorporated with Azolla meal. With the gradual inclusion of Azolla meal in the diets, the pancreatic enzyme
activity was increased significantly up to 50% replacement and then decreasing trend was noticed during 60
days feeding trial. Growth rate of Labeo rohita and RNA/DNA ratio were reduced by insufficiently heated
meals but properly heated Azolla meal improve nutritional quality as well as improvement of growth rate. Dry
processing methods other than sun drying are suggested for the improvement of nutritional quality of Azolla leaf
meal in carp diets. It was concluded that the antinutritional or limiting factor present in Azolla leaf meal are
antitryptic and reduces the growth rate, if do not take proper care for the nutritional security.

Keywords: Non-conventional fish feed, Azolla pinnata, Labeo rohita, antinutritional factor, pancreatic

protease, RNA/DNA ratio.
INTRODUCTION

The increasing cost and scarcity of feed ingredients has
created an urgent demand for cheaper and more abundant
substitutes. There is an increasing research effort taken to
assess the nutritive value of different non-conventional
resource including terrestrial and aquatic macrophytes
(Edwards et al., 1985; Wee and Wang, 1987; Patra,
2000). Because of the high cost of fish meal in carp diets,
most studies of their nutrition have been concerned with
substitution of this component with lower cost protein
sources and by-product materials (Hanley, 1991). Most of
the studies have included materials of plant origin such as
soybean, groundnut, rapeseed, sunflower, cottonseed,
alfalfa, Leucaena leaves and other macrophytes (Olli and
Krogdahl, 1994; Jackson et al., 1982; Davies et al., 1990;
Ray and Das, 1992; Mirnova, 1975; Olvera-Novoa et al.,
1990; Sadiku and Jauncey, 1995; Hasan et al., 1997; Patra
and Ray, 1988; Patra, 2000; Patra et al., 2002, Patra,
2003) for aquaculture practices.

Most of the feed ingredients used in animal feed
manufacture are believed have some potential for
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inclusion as ingredients for aquaculture feeds. The
International Network of Feed formulation has described
over 18,000 feed ingredients (Harris, 1980). Martyshev
(1983) also gave several combinations of feedstuffs used
in Northern Asia for feeding carps. There are several
reports on the use of various supplementary feeds for
culture of carps in ponds (Lakshmanan et al., 1971,
Chakraborty et al., 1973; Patra et al., 1999, 2001; Hajra,
1987; Hajra and Tripathi, 1985).

Recently, formulated and pelleted diets have been used in
the experimental culture of carp (Das et al., 1994; Sehgal
and Sharma, 1991). Edwards et al. (1985) tried culture of
Tilapia sp. in outdoor tank by using compost and dried
water hyacinth in pelleted forms. Feed based on Salvinia
(Murty and Devraj, 1991) and other aquatic weeds
(Chiayvareesajja et al., 1989; Patra et al., 1999; Patra,
2001) have been used as feed in fish culture. Studies on
green plant leaves as dietary sources for fish have focused
on the use of leaf protein concentrates such as rye grass
and alfalfa leaf protein concentrate (Ogino et al., 1978;
Olvera-Novoa et al., 1990). From a nutritional perspective
such protein concentrates have proven beneficial for only
a limited number of cultured fish species. However, their
potential usefulness may still depend upon the cost of
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their extraction and preparation (Olvera-Novoa et al.,
1990). To identify economical and locally available feed
stuffs, this study was designed to evaluate the use of
Azolla leaves in formulated diets for carp.

Water fern (Azolla pinnata) is a free-floating, tiny aquatic
plant which grows as a weed, thereby covering the surface
of ponds, especially during the rainy season. It represents
a “free food” source, being rapidly propagating (Ayinla
and Adindu, 1992). Azolla has attracted attention as a
nitrogenous fertilizer (Anon, 1985; Peters et al., 1982)
and as a source of dietary nitrogen for herbivorous fish
and livestock (Singh and Subudhi, 1978; Edwards, 1980).
Its popularity has stirred a rush among fish farmers for its
propagation as livestock-fish-integration culture system
(Gavina, 1994; Rav and Shanmugasundaram, 1992).

The Indian major carp, Labeo rohita is endemic in Indian
subcontinent. The fish enjoys high consumer preference
in West Bengal as well as in other Asian countries and its
price increases over the years. This is due to the growth
and survival which is not so far been satisfactory, one
reason possibly is due to the non-availability of suitable
artificial feed at a cheaper rate.

In the present study, therefore, aimed to evaluate the
nutritive value and nutritional efficiency, feed utilization,
growth performance, protease enzyme activity and
RNA/DNA ratios of Labeo rohita fingerlings fed diets
containing varying levels of dehydrated Azolla leaf meal
and identify the limitations to their use arising from
antinutritional factors.

MATERIALS AND METHODS

Collection and Processing of Azolla

Fresh colonies of Azolla pinnata were harvested from the
water bodies of Midnapore district, India and thoroughly
washed to remove dirt and mud debris. They were then
dried in a hot-air oven at 30-32°C for 72h. The dried
Azolla was milled and packed in a polythene bag and kept
in a freezer at —2°C prior to use. The proximate
composition of both fresh and dried Azolla were
performed following AOAC’s (Association of Official
Agricultural Chemist) (1990) standard analysis procedure
(Table 1).

Table 1. Proximate composition of dried and fresh Azolla
pinnata.

Constituents Sundried Azolla | Fresh Azolla (%
(% content) content)
Moisture 13.12 83.17
Crude protein 25.92 3.19
Crude lipid 4.79 2.04

Formulated Experimental diets

Five isonitrogenous (= 38% crude protein) diets (D;-Ds)
were formulated, containing increased levels of dried
Azolla meal as replacement of fish meal at 0% (control),
25%, 50%, 75% and 100% (Table 2) and another four
isonitrogenous (CP = 38%) diets (Dg — Dg) processed with
heat treatment (90°C for 10 minutes) using the same
ingredients for experimental treatments. All dietary
ingredients were hand mixed and produced pellets in
pelletilizer to form noodle like strands which were
mechanically broken into pellets of suitable size (2 mm
diameter) for Labeo rohita fingerlings. The dry pieces of
feed were then stored in a freezer at —20°C in sealed
plastic bags until fed.

Experimental Design

The feeding trial was conducted in specially designed
glass aquaria of 130 liter capacity in the Aquaculture
Research Unit, Dept. of Zoology, Vidyasagar University,
Midnapore, India. In order to avoid metabolic
accumulation, the aquaria’s water was changed daily.
Each aquaria was also supplied with air by aerator. Water
temperature, dissolve oxygen, alkalinity and pH were
monitored everyday alternative day. The photoperiod was
set on 12 hour light and dark cycle using fluorescent lamp
at the light source.

Labeo rohita fingerlings (mean weight = 10.82 + 0.60g)
were obtained from rearing pond of Aquaculture Research
Unit, Vidyasagar University Campus and acclimatize for
two weeks in the laboratory condition with standard diet
(30.0% crude protein) containing the mixture of fish meal,
mustard oil cake, rice bran. The fingerlings were
randomly distributed between the aquaria at a stocking
density of 10 fish/aquaria. Fish were fed once daily to
satiation (6% body weight) at 15.00 to 16.00 hour daily
feeding allowance was adjusted each week on the basis of
the average weight of the fish. The study was conducted
for 60 days.

Estimation of Protease activity

Protease activity was estimated following the method of
Bernfeld (1955) and which was modified by Snell and
Snell (1971). 500mg hepatopancreas tissue was taken in a
glass homogenizer and the tissue was homogenized in
cold temperature (4 - 6°C) with phosphate buffer (0.01M,
pH 7) and then centrifuged the homogenate at low speed
(13,000 rpm) followed by high speed (20,000 rpm) in 4 -
6°C, continued for 10 minutes. The supernatant was used
as enzyme source. 2.4ml phosphate buffer, 1.2ml enzyme
extract, 1.8ml distilled water and 0.6ml 0.1% BSA were
taken in a test tube and incubate it for 1 hour at 37°C.
Then added 6.0ml 10% TCA, shaken thoroughly and
centrifuged it at 5000 rpm for 10 minutes in cold
condition. 1.0ml supernatant and 1.0 ml ninhydrin were
taken in separate test tube and placed it in boiling water
bath for 15 minutes. After cooling 8 ml distilled water
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was taken in the same test tube and read the OD in UV
Spectrophotometer (Hitachi, Japan) at 570nm. The OD
compared with standard curve of Glycine for calculation
of protease activity. Protein was estimated following the
methods of Lowry et al. (1951) using BSA (Bovine
Serum Albumin) as a standard.

Estimation of DNA and RNA

The DNA and RNA content of fish muscle were
estimated according to the method of Munro and Fleck
(1969) with some modifications. 200 mg liver
(Hepatopancreas) tissue was taken from L. rohita and
homogenised with 0.25M sucrose solution. 250 pl
homogenate and 500 ul 5% TCA (Tri-chloro aceticacid)
mixed thoroughly, centrifuge and wait for 15 minutes and
then supernatant was discarded. The precipitate was
dissolved in 500 ul of 0.6N PCA (Per-chloric acid) and
0.3N PCA each and wait for 15 minutes and then
centrifuged for 5 minutes at 5000 rpm at 5°C. The
supernatant was discarded and precipitate was again
dissolved in 2 ml cold 0.3N PCA and  wait for 10
minutes and then centrifuged at 5000 rpm for 5 minutes at
5°C. Now, precipitate was dissolved in 0.3M KOH, and
incubated in water bath at 37°C for 2 hours with
occasional shaking. Cooled at room temperature. With
this solution 1.0ml cold 0.6M PCA and 250 ul cold 0.6N
PCA were mixed and wait for 10 minutes. The
supernatant was used for RNA estimation (read at 290 nm
in UV spectro, Hitachi). The precipitate was dissolved in
1.5ml cold 0.6N PCA and heated at 70°C for 40 — 60
minutes in water bath and cooled at room temperature and
then kept at 4°C for 10 minute Then with it 400ul of 0.6N
PCA was added and centrifuged for 10 minutes at 5000
rpm in cold condition. The supernatant was read at 270
nm in UV Spectro for DNA estimation. For RNA the
blank was prepared by 0.3N PCA and for DNA it was
with 0.6N PCA. The calculation was done by the method
of Strove and Makaravo, 1989.

Protease inhibitor activity assay

Trypsin inhibitor activity was measured by the methods of
Smith et al. (1980) and this is the modified method of
Kakade et al. (1974) using BAPNA (Benzoyl-DL-
Arginine-Paranitroanilide) as substrate. A solution
containing 100 ul of inhibitor solution, 200 ul (20 nug
ml™) bovine pancreatic trypsin and 100 pl of distilled
water was pre-incubated at 37°C for 20 minutes. Then,
500 pl (0.4 mg ml™) of BAPNA (pre-warmed at 37°C)
was added and vortex immediately to start the reaction.
After incubation for 20 minutes, 100 ul of 30% glacial
acetic acid (v/v) was added to terminate the reaction. The
reaction mixture was centrifuged at 8000 rpm for 5
minutes. Residual activity of trypsin was measured the
absorbance at 410 nm in UV-spectro photometer (Hitachi,
Japan) and calculated the protease or trypsin inhibitor
activity according to the methods of Hamerstrand et al.,
1981.

Analytical Procedure

The chemical analysis of dietary ingredients, diets were
performed according to the procedures of the AOAC
(1990).

Diet performance was evaluated on experimental fish
according to Olvera-Novoa et al. (1990) as follows:

Weight gain (%) =100
Final body weight - Initial body weight
Initial body weight

Specific Growth Rate (SGR% day™ ) =100

(log, final body weight - log, initial body weight
daysin trial

Feed Conversion Ratio (FCR) =

Dry weight of feed fed (g)
Fish weight gain ()

Protein Efficiency Ratio (PER) =

Fish weight gain (g)
Protein intake (g, dry weight basis)

Water Quality Analysis

The water quality was monitored periodically (every
alternative day) following the methods of APHA (1989)
(American Public Health Association). The water
temperature during the experimental period determined by
thermometer ranging from 29-30°C. The pH (pH meter,
Systronics 302), dissolve oxygen (Winkler’s method)
content and alkalinity (titrimetric method) of the water
ranged between 6.65-7.19, 9.12-9.59 mg liter™ and 102.27
—105.75 mg liter™ respectively.

Statistical analysis

All calculations and statistical analysis were done on IBM
P-I11 using statistical packages STATISTICA and ASP.
The level of significance was chosen at p < 0.05, results
are means of three separate determinations and presented
as means + SEM (Standard Error of Mean). Analysis of
variance was performed and mean comparisons were
accomplished using Duncan’s multiple range test.

RESULTS

Fish in all the experimental units become accustomed to
the general diets within the first week of acclimation. Low
mortality (<5%) occurred during this period which may
be due to initial stress and they were subsequently
replaced with fish of similar size prior to the feeding trial.
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However, fish fed on 100% Azolla meal (Ds) dietary
inclusion has lowest percentage of survivality (Table 3).
There was a decreasing rate of survival with an increasing
inclusion of Azolla meal in the diets during the growth
trial. Mortality ranged from 0% in D diet and 65% in Ds
diet.

The summary of growth responses (Table 3 and Fig. 1)
showed that Labeo rohita fed the control diet (D) had
significantly (P<0.05) better weight gain, specific growth
rate as compared to fish fed diets (D, - Ds) supplemented
at various levels with dried Azolla meal. The lowest
results were observed for fish fed 100% Azolla dietary
inclusion. The control diet gave the best FCR (2.08) but
diets containing Azolla meal at the 100% level (Ds)
showed the poorest FCR (7.58) and PER value for control
diets (D;) have best performance (1.18) but poorest Ds
diets (0.33) (Table 3).
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Fig. 1. Growth study of L. rohita fingerlings of different
experimental diets (D; — Ds) during 60 days feeding trial.

The response of fingerling Labeo rohita fed the different
diets (D, - Ds) containing Azolla meal with varying
trypsin inhibitor activity is presented in Table 3. Fish fed
the diets containing the unheated Azolla meal showed
poor growth performance and had a low PER value. Both
growth rates and PER values increases in fish fed diets
containing less trypsin inhibitor activity. No significant
difference ( p < 0.05) in growth rate or PER was observed
in fish fed diets (D,) containing 11.8 mg TI g™ diet or
less. The best growth and PER were observed in fish fed
diet (Dg) containing 1.8 mg TI g™ diet prepared with
Azolla meal in which 90% of the trypsin inhibitor activity
has been destroyed (Table 4). Azolla meal heated with

90°C for 10 minutes reduces the trypsin inhibitor activity
in the diets Dg - Dy (Table 4). A comparative growth
study was presented in Fig. 2 during 60 days feeding trial,
containing control (D,), unheated Azolla meal (D, — Ds)
and heated Azolla meal (Dg — Dy).
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Fig. 2. Comparative study of growth of L rohita in
control (D,), unheated (D,-Ds) and heat treated (Dg-Dy)
experimental diets during the experimental period.

The protease activity in hepatopancreas was also recorded
during 60 days growth study and presented in Table 5. It
was observed that protease activity (ug glycine liberated
h™* mg™ tissue protein) in the hepatopancreas gradually
increased as compared to control with the inclusion of
different level of Azolla meal with different T1 activity in
the diets (D, - Ds) but later decreasing trends was
followed with the higher levels of T1 inclusion. During
the 60 days feeding trial protease activity in control (D,)
was 92.75 ug glycine liberated h™ mg™ tissue protein and
gradually increased in D,, D3 (100.34, 102.94 ng glycine
liberated h™> mg™ tissue protein respectively but decreased
in diets D4, D5 (99.32, 94.62 pg glycine liberated h™ mg™
tissue protein respectively). It was also noted that during
60 days feeding trial protease activity increased upto 15
days fed the diet (Ds) and later decreased during 30, 45
and 60 days fed.

Muscle RNA/DNA ratio estimated on 15", 30", 45" and
60" day was presented in the Table 6. RNA/DNA ratio
gradually decreased with the inclusion of high percentage
of unheated Azolla meal containing high level of T1 as
compared to control. RNA/DNA ratio in control (D) was
2.89 but decreased fed diets D,, D3, D4, Ds (1.91, 1.39,
1.34, 1.27 respectively) containing high inclusion of
Azolla meal during 60 days feeding trial. This may also be
explained and concomittented with the growth and
conversion of fingerlings of L. rohita during 60 days
feeding trial.
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Table 2. Ingredients and proximate composition of experimental diets.

Diets (% fishmeal replacement)
Ingredients CDgn(t?;/f)’ D, (25%) D; (50%) D, (75%) | Dg(100%)
Fish meal 34.86 26.07 22.14 17 -
Azolla powder - 6.36 13.14 22.07 39.50
a-cellulose 5.00 9.68 9.68 9.62 10.28
Wheat flour 38.14 35.89 33.04 29.31 28.22
Mustard oil cake 12.50 12.50 12.50 12.50 12.50
Rice bran 5.00 5.00 5.00 5.00 5.00
Cod liver oil 1.50 1.50 1.50 1.50 1.50
Vitamin + Mineral 1.00 1.00 1.00 1.00 1.00
Binder (gelatin) 2.00 2.00 2.00 2.00 2.00
Proximate composition (% Dry matter basis)
Moisture 8.09 8.30 8.20 8.45 8.35
Crude protein 38.82 37.95 39.21 37.75 37.97
Crude lipid 6.43 5.50 5.98 6.02 5.71
Table 3. Cumulative growth performance and feed utilization of fish feed the experimental diets, during 60 days
feeding trial.
Experimental Diets
Parameters D, (0%,

coln(trol) D Ds Da Ds
mg T1 g diet 0 11.8 24.4 38.9 48.4
Average initial weight (g) 1486+0.94 | 1478+0.92 | 14.80 +0.62 14.83 +0.91 14.80 + 0.84
Average final weight (g) 31.38 + 0.38% | 29.65+0.99* | 25.67 + 0.54° | 24.88 +0.75" | 18.18 + 0.69°
Weight gain (%) 111.23° 100.84° 74.01° 67.94° 22.83°
SGR (% day™) 0.89° 0.83° 0.66° 0.62° 0.24°
Feed intake (g day™) 0.41° 0.39° 0.37° 0.29° 0.28°
FCR 2.08% 2.20° 2.85% 2.44% 7.58°
PER 1.18° 1.10° 0.87° 1.00° 0.33
Survival (%) 100° 95° 80° 75° 65°

Results are means of three separate determinations (Mean + SEM), Values with the same superscript in the same row

are not significantly different (p < 0.05) from each other.

DISCUSSION

The performance of the fish fed the diets supplemented
with different levels of dehydrated Azolla meal was
inferior (P<0.05) to that of the fish fed the control diet.
The growth depression of fish tends to be more
pronounced with increasing dietary level of Azolla meal.
This study reveals the inadequacy of total replacment
fishmeal with dried Azolla meal in diet L. rohita
fingerlings. Almazan et al. (1986) reported similar growth
depression and worsening FCR value with increasing
dried Azolla meal incorporated in the diet for Nile tilapia
(Oreochromis niloticus). Yousif et al. (1994) also
supported similar growth depression and decreasing PER
value with increasing level dehydrated alfalfa and salt
bush (Atriplex sp.) leaves in the diets for tilapia

(Oreochromis aureus). The poor growth responses and
feed utilization values of the fish at increasing inclusion
levels of dried Azolla meal in the diets indicates its
nutrient inferiority to fish meal. A possible reason for this
may be due to relatively high level of antinutritional
factor specially the trypsin inhibitor in 100% Azolla
dietary inclusion (Yousif et al., 1994; Ensminger et al.,
1990; Olvera Novea et al., 1990). High inclusion level of
Azolla meal in the diets has been resumed results poor
digestibility and lowered availability of energy content of
plant feeds as well as reduction in fish growth responses
(Buddington, 1979; Appler and Jauncey, 1983; Patra et
al., 1999; Birk, 1989; Maity, 2003).

The growth depression of fish fed diets containing Azolla
meal incorporation could also be attributed to the
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Table 4. Growth performance of L. rohita fed with heated diets (D¢ - Dg) Azolla meals in the experimental period.

Experimental diets

D, Ds D; Dsg D
mg T1 g™ diet 0 1.8 8.4 16.5 24.4
%T1 destroyed 100 90 70 60 52
Initial body weight () | 14.86+ 0.94 | 14.80+0.75 14.84 +0.82 14.42 £0.42 14.49 £ 0.39
Final body weight (g) 31.38+0.38° | 30.80+0.31° | 27.65+0.44° | 25.60+0.16" | 20.20+0.69°
Weight gain (%) 111.23° 108.10° 86.32° 77.53° 39.40°
SGR (% day™) 0.89° 0.79° 0.56° 0.48° 0.41°
FCR 2.08° 2.24° 3.04° 4.19° 4.24°
PER 1.18° 1.08° 0.81° 0.57° 0.58°

Results are means of three separate determinations (Mean + SEM), Values with the same superscript in the same row are not
significantly different (p < 0.05) from each other.
D, = Control : without Azolla meal. Dg - Dy Heat treated (90°C for 10 minutes) Azolla meal.

Table 5. Protease activity (ug glycine liberated hour* mg™ of protein) in the hepatopancras of L. rohita fingerlings

fed with different levels of Azolla meal containing different level of Tl during 60 days feeding trial.

Experimental Feeding days
diets 0 15 30 45 60
D; Control 92,51 +1.52° 93.32+0.79 92.15+0.94 93.17 £ 0.39 92.75+0.27°
D, 93.01 £ 0.15° 98.52 + 0.57 101.32 £ 0.61 102.74 £ 0.50 100.34 +0.91°
D; 92.98 + 0.72° 103.02 + 0.94 109.17 £ 0.29 108.10 £ 0.97 102.94 + 0.20°
D, 92.21 +0.94° 108.36 £ 0.71 109.27 + 0.54 104.27 £0.72 99.32 +0.78"
Ds 93.27 £ 0.19° 114.79 £ 0.57 110.38 +1.02 103.50 +0.74 94.62 + 0.59°

Results are means of three separate determinations (Mean + SEM), Values with the same superscript in the same
column are not significantly different (p < 0.05) from each other.

Table 6. Muscle RNA/DNA ratio in L. rohita fingerlings fed with Azolla meal containing different level of T1 during
the experimental period.

. . Feeding days
Experimental diets 0 15 30 a5 &0
D; Control 2.02£0.12° 2.44 £ 0.09 2.69 £0.29 2.77 £0.51 2.89 + 0.42°
D, 2.15 £ 0.43° 2.05+0.29 2.02 £0.09 1.97+£0.12 1.91 + 0.42°
D; 1.99 + 0.99% 1.74 £0.31 1.68 £0.29 1.52+0.14 1.39 £ 0.14°
D, 1.95 £ 0.37% 1.72+£0.18 1.62+£0.11 1.42+£0.19 1.34 £ 0.32°
Ds 2.10 £ 0.41° 1.64 +£0.14 1.58 +0.50 1.40 £ 0.09 1.27 +0.13°

Results are means of three separate determinations (Mean + SEM), Values with the same superscript in the same column are not

significantly different (p < 0.05) from each other.

presence of possible growth inhibitors such as trypsin
inhibitor, which are reported to occur in vegetative tissues
of several aquatic plants (Gleen et al., 1882; Yousif et al.,
1994; Fasakin and Balogun, 1998; Soto and Mitchell,
1960; Humphries, 1980; Liener and Kakade, 1980).
Trypsin inhibitor impairs the digestion and absorption of
protein (Jauncey and Ross, 1982; Maity and Patra, 2003).
It is possible from this study that antinutritional factor i.e.
trypsin inhibitor might have impaired the absorption of
essential components of the diets containing Azolla meal
and causing depression of growth responses in L. rohita
fingerlings. The possible effect of these inhibitory factors

was more pronounced in 100% Azolla dietary substitution
for fishmeal.

The present observation demonstrates that high dietary
level of trypsin inhibitors may cause negative effect on L.
rohita either in growth or conversion. In a similar study
with rainbow trout (O. mykiss) in fresh water, Krogdahl et
al. (1994) found protein digestibility significantly reduced
by increasing dietary inclusion of the same inhibitor.
Soybean trypsin inhibitors have been reported to be
important when using untreated Soybean products in diets
for the carp (Viola et al., 1983), Channel Catfish (Wilson
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and Poe, 1985), rainbow trout (Olli and Krogdahl, 1994),
Atlantic Salmon (Olli et al., 1994) or in mammals
(Krogdahl and Holm, 1983; Kakade et al., 1973). Olvera-
Novoa et al. (1990) evaluated the use of purified alfalfa
leaf protein concentrate (LPC) in diets for O.
mossambicus. They reported reduced performance at
higher inclusion levels of LPC (>45%). To explain this
reduction in growth, they suggested that at high dietary
inclusion levels, and apparent digestibility was adversely
affected by the presence of high trypsin inhibitory activity
in alfalfa LPC.

It appears that processing of Azolla meal heating in 90°C
for 10 minutes to enrich the nutritive quality of the
feedstuff as a replace of fishmeal in Labeo rohita diet.
Growth rates and PER values improved as the trypsin
inhibitor activity of the Azolla meal decreased to tolerable
levels. Viola et al. (1982, 1983), Maity and Patra (2002)
and Sadiku and Jauncey (1998) reported that the growth
rates of carp were reduced when fed diets containing
insufficiently heated Soybean meal. They observed equal
growth rates in carp fed diets containing properly heated
and slightly over heated (100% destruction of trypsin
inhibitors) Soybean meal. The properly heated and
slightly overheated Soybean meals used has 90-100% of
the trypsin inhibitor activity destroyed.

During this investigation, the protease activity gradually
increased as compared to fish receiving the control diet
and later decreased with the higher inclusion of Azolla
meal containing high level of T1. Similar observations
were recorded by Olli et al. (1994), Vidal Valverde et al.
(1997) in the Atlantic Salmon. They suggested that the
synthesis of trypsin increases in total trypsin in the pyloric
caeca homogenate seemed to be peak and then fall off,
suggesting an exhaustion of the pancreatic storage of
enzyme and synthesizing capacity. Diets with raw
Soybean have been reported to increase pancreatic
enzyme secretion in the rat (Crass et al., 1987; Green and
Lyman, 1972), the pig (Corring et al., 1985; Zebrowska et
al., 1985) and Man (Calam et al., 1987; Holm et al.,
1991, 1992).

Again a negative impact has been observed with the
incorporation of Azolla meal in the diet containing high
level of Tl on the feed intake, appetite, RNA/DNA level
in the muscle. There are several studies in which tissue
RNA concentration and RNA/DNA ratios have been used
as indicators of recent growth or nutritional status in fish
(Bulow et al., 1978; Mitra and Mukhopadhyay, 2002,
2003). The usual interpretation is that RNA/DNA ratios
are sensitive to nutritional status of fish. The amount of
DNA per cell is stable under changing nutritional
conditions, whereas cellular RNA, which is directly
involved in protein synthesis, fluctuates with nutritional
status of the fish (Foster et al., 1992). Thus the
RNA/DNA ratio indicates metabolic intensity which is

deeply influenced by the nutritional status of the diet
(Clemmesen, 1987). Similar observations has also been
reported previously by Lone and Matty (1980a, b; 1982 a,
b; 1983) and Patra et al. (2002). In fish, growth can be
termed as accretion of protein (Love, 1970, 1980) and it
depends on food availability and state of starvation has
been shown to effect on the nucleic acid levels in different
body tissue (Bulow, 1970, 1971; Bulow et al., 1978,
1981; Haines, 1973; Bouche, et al., 1977). Furthermore,
the quality of food has profound effects on cellular
growth response in different fishes. So, the present studies
definitely establish a direct relationship between the
growth and RNA/DNA level.

CONCLUSION

The present investigation indicated that heat treated
Azolla meal was partially substituted for fish meal
resulted a significant growth of L. rohita. It may
therefore, be incorporated as a non-conventional sources
of protein in the diet of IMC on one hand and reduces the
cost of feed on the other and gave the nutritional security
to improve better aquaculture practices.
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