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Abstract

Optimising the cost of nutrients in fish diets is crucial for aquaculture production, as feed
accounts for 50% of operational expenses in intensive aquaculture. The rising demand for
mustard oil cake (MOC), a commonly used feed ingredient in Indian aquaculture, has led to
a significant increase in its price due to its diverse applications. Azolla (Azolla pinnata), a
free-floating freshwater plant, has attracted researchers in fish feed formulation due to its
rich nutrient profile. The present study was conducted to evaluate the effects of replacement
of MOC with Azolla meal in the diet of common carp (Cyprinus carpio) fry. Pelleted feed
was formulated with Azolla meal replacing MOC at levels of 0, 10, 20, 30 and 40% and fed
to fish. Growth performance, feed conversion ratio (FCR), haematological parameters and
proximate composition in fish carcass were assessed after 90 days of experimental feeding.
Simultaneously, a control feed without supplementing of Azolla meal was also prepared.
Fish were fed daily with the experimental diets at 8, 6 and 4% of their body weight during
the first, second and third months respectively, in the morning hours (10:00 hrs). Principal
component analysis (PCA) was performed to assess the effect of formulated diets on fish
carcasses composition and haematological parameters. The results showed that replacing
30% of MOC with Azolla meal in the diet, led to significantly (p<0.05) higher specific growth
rate (SGR) and percentage weight gain and significantly (p<0.05) lower feed conversion ratio
(FCR) at this concentration. Fish survival rate ranged from 80.00 to 93.33% among different
treatments. Further, significant (p<0.05) differences were observed in both haematological
parameters of fish and the proximate composition of fish carcass. among the different
treatments. These findings suggest that MOC can be effectively replaced with 30% Azolla
meal in the diet for rearing common carp fry to fingerling stage, without compromising the
growth performance.
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aquaculture (Ahmed et al, 2023). The
health of fish is improved when dietary
nutrients are balanced and protein is
considered to be the most expensive
nutrient in the fish diet which is responsible
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for muscle building, enzymatic activities,
supply of energy and qualitative health
(Wang et al, 2017; Ahmed and Ahmad,
2020; Ahmed et al., 2023). Mustard oil cake
(MOC) is most extensively used by Indian
fish farmers as protein source as it contains
around 35-40% protein (Singh et al,
2017; Mishra et al, 2018; Sharma et al.,
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2022; Banerjee et al,, 2023), but cost of MOC is increasing sharply
in recent times as it is now widely used as feed ingredient for
cattle, poultry and aquatic animals; organic fertilises, bio-herbicide,
fermentation medium, biopolymer and natural antioxidant (Swati
etal, 2015; Jose et al,, 2022; Banerjee et al., 2023). If fishes are fed
only with MOC as the source of protein, the expenditure towards
production of quality feed will increase significantly. Therefore, to
reduce aquaculture operational costs and to enhance the marginal
profitability of farmers, the MOC of the fish diet must be replaced
with a cheaper plant protein source (Datta, 2011). Azolla (Azolla
pinnata) is a freshwater free-floating plant that is widely distributed
in lakes, wetlands, paddy fields, ponds, rivers and canals in India
(Gangadhar et al., 2015). Recently, Azolla has attracted considerable
attention as a dietary protein source for aquaculture due to its
nutrient composition. It contains upto 30% crude protein with a high
quantity of vitamins, minerals, biopolymers, and probiotics (Das
et al., 2004; Maity and Patra, 2008; Datta, 2011; Gangadhar et al,,
2015; Magouz et al., 2020; Kouberi Nath et al., 2022; Ahmed et al.,
2023) and also anti-nutritional factors (Gopan et al, 2020). The
inclusion of Azolla in the fish diet promotes growth in rohu (Datta,
2011), Nile tilapia (Ebrahim et al., 2007, Magouz et al., 2020),
Common carp (Ahmed et al., 2023), Labeo fimbriatus (Gangadhar
et al,, 2015) and grass carp (Majhi et al, 2006). Common carp is
the third-most important freshwater-farmed fish in the world, with
more than 90% cultured in Asia (Rahman, 2015) due to its ability to
tolerate various environmental conditions and significant economic
value (Ahmed et al., 2023). Common carp is an omnivorous fish
that primarily feeds on benthic macroinvertebrates, zooplankton,
and detritus (Rahman, 2015). An inadequate diet can induce stress,
cause diseases, and impair haematological parameters in cultured
fish (Mansour and Esteban, 2017). As there is paucity of information
ontheeffect of the Azolla supplementation on overall performance of
common carp, the present study was undertaken, with the objective
to evaluate the performance of Azolla meal supplementation on
growth performance, feed utilisation, biochemical composition and
haematological parameters in common carp fry.

Materials and methods

Experimental design

The experiment was executed in 15 Fiberglass-reinforced plastic
(FRP) tanks of 500 | capacity at the wet Laboratory of the
ICAR-Research Complex for Eastern Region (ICAR-RCER), Patna,
India. All the tanks were thoroughly washed with 10 ppm of KMnO,
solution and then dried under the sunlight. The experimental was
set up in completely randomised design with continuous aeration
in outdoor condition. After setting the experimental tanks, 10 fishes
(length 34.33+1.67 mm and weight 2.50+0.05 g) were stocked in
each tank hoding 400 | de-chlorinated freshwater (Bharti et al, 2016).
Azolla was cultured at ICAR-RCER, Patna, in a 500 | circular FRP
tank. Azolla was harvested and sun-dried to reduce the bulk weight,
followed by drying at 40°C in a hot air oven for 24 h. The dried Azolla
were ground in an electric grinder and passed through a 0.5 mm
mesh size sieve to prepare Azolla meal. All feed ingredients used
in this study except Azolla meal were obtained from commercial
suppliers. Five fish feed treatments with 0, 10, 20, 30 and 40% Azolla
meal were prepared, namely TO, T1, T2, T3 and T4, respectively
(Gangadhar et al., 2015) as shown in Table 1. To prepare fish diets,
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Table 1. Feed formulation for common carp fry

Ingredients (q) Treatments

T0 T1 T2 T3 T4
Azolla meal 0 100 200 300 400
Mustard oil cake 400 300 200 100 O
Maize flour 100 100 100 100 50
Rice bran 200 200 200 200 200
Wheat flour 170 170 170 170 170
Maida 80 80 80 80 130
Vitamins and mineral mixture 15 15 15 15 15
(Agrimin Forte, Virbac)
Mustard oil 30 30 30 30 30
Salt 5 5 5 5 5
(Food grade commercial salt)
Total 1000 1000 1000 1000 1000

all feed ingredients were dried first, ground to a small particle size
in an electric grinder and sieved through a 0.5 mm mesh size. The
ingredients weighed, thoroughly mixed manually, and a stiff dough
was made by slowly adding water. The wet mixture was steamed
at high flame in a pressure cooker for 15 min and after cooling the
dough, mustard oil, vitamins and mineral mixture were added. The
cooked dough was then passed through a hand pelletizer having
2.0 mm mesh dia, to get uniform fish pellets. The pellets were then
dried overnight at 55°C in a hot air oven. After drying, the diets were
broken into small pellet sizes, packed in plastic bags and stored in
a dry and cool place to feed the experimental fish. The experiment
was conducted in triplicate for 90 days from July to October 2022.
The feeding of fishes with prepared diet was done in the morning
hours daily (10:00 hrs) at 8, 6 and 4% of the body weight in the first,
second and third months, respectively. Water quality parameters
in the experimental tanks were monitored at monthly intervals, in
the morning hours, and subsequently in the afternoon fishes were
transferred to plastic buckets holding freshwater for length-weight
measurements. During this time, water was completely siphoned
out from the tanks, left over feed and faecal matter from each
tank were removed, thoroughly cleaned, then refilled with clean
freshwater and fishes were back to their respective tanks.

Water quality analysis

Samplings for water quality parameters were carried out in morning
hours at monthly intervals. Water temperature was measured
using a thermometer (G H Zeal Ltd., London, England). Water pH
was estimated using a portable digital pH meter (Hana, China).
Water samples were titrated against standard EDTA solution in the
presence of ammonium chloride and ammonium hydroxide as a
buffer and Eriochrom Black-T indicator for the hardness estimation.
The alkalinity of the water sample was determined titrimetrically
using standard sulphuric acid in the presence of phenolphthalein
and methyl orange as indicators. Dissolved oxygen (DO) in water
samples was estimated using Winkler's method. The estimation of
ammonium-N and nitrite-N was carried out spectrophotometrically
(Thermospectronic, UV Cambridge, UK) using the phenate method
and Griess diazotisation reaction (sulphanilic acid and N-alpha-
naphthyl ethylenediamine) method, respectively (APHA, 2005).
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Growth parameters

All fish from each experimental tank were sampled every month to
analyse the growth parameters in terms of percentage weight gain
and specific growth rate (SGR). The feed conversion ratio (FCR)
was also calculated. For estimation of feed consumption, total feed
given to the fishes were taken into consideration. The length and
weight of fish was measured using graduated scale and electronic
balance (accuracy of 0.01 g), respectively. The number of live fish in
each tank was counted to estimate the survival rate. The following
formulae were used to analyse fish growth parameters:

Weight gain (%) = [(Final weight (g) - Initial weight (g)]/Initial weight
(91 x100

SGR (%/day) = [(In Final weight (g) - In Initial weight (g)]/No. of days]
x100

FCR (%) = Total feed consumed (Dry weight)/Total body weight gain
(Wet weight)

Survival rate (%) = [No. of fish harvested/No. of fish stocked] x100

Length-weight relationship

The length and weight relationship was established for cultured fish
using the formula W = al®, where “W" denotes the weight (g) of fish
and "L indicates the total length (mm) of fish, and “a” and “b" are
parameters.

Haematological parameters

Blood was collected in EDTA-coated blood collection tubes by
puncturing the caudal vein using a tuberculin medical syringe.
Fish was anesthetised with clove oil (MERCK, Germany) @
50 pl per litre of water before taking blood. Haemocytometer
was used for red blood cells (RBC) and white blood cell (WBC)
counts. The haemoglobin (Hb) level of blood was analysed by the
cyanomethemoglobin method using Drabkin's Fluid (Qualigens).
The absorbance was measured using a spectrophotometer at a
wavelength of 540 nm. The final concentration was calculated by
comparing it with the standard cyanomethemoglobin (Qualigens
Diagnostics). The haematological indices as mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were calculated
using standard formulae (Kumar and Banerjee, 2016).

Proximate composition analysis

The proximate composition of fish carcasses was analysed
at the end of the experiment using standard methods (AOAC,

Table 2. Average water quality parameters estimated from different treatments

1995). Initially for moisture content and also for estimating other
parameters, samples were dried in a hot air oven at 60°C until
constant weight. Nitrogen content in dried samples was estimated
by digestion and distillation in a Micro-Kjeldahl unit (KEL Plus
Classic DX VA, Pelican Equipment, India), followed by titration.
Crude protein was calculated by multiplication of the nitrogen
content with a factor of 6.25. Fat content in samples was estimated
by Soxhlet apparatus using petroleum ether (boiling point 40-60°C)
as the solvent. Percentage ash content (dry weight basis) for each
treatment were analysed in a muffle furnace separately at 550°C for
16 hin silica crucibles (Liu, 2019).

Data analysis

The growth, proximate composition and haematological data
were compared using one-way analysis of variance (ANOVA) at
5% level of significance. Treatment mean difference was analysed
by Duncan Multiple Range Test (DMRT) using ‘agricolae’ package
in R(R-4.3.1). Length-weight relationship and growth analysis
were performed using R software. Principal component analysis
(PCA) was performed to find out the variation in the proximate
composition in fish feed and fish carcass, and the blood parameters
using ‘factoextra’ package in R (Sumi et al., 2023).

Results and discussion

Water quality parameters

In the present study, water temperature (29.41 to 29.75°C),
pH (7.57 to 7.82), dissolved oxygen (5.56 to 7.64 mg I),
total alkalinity (198.83 to 228.17 mg I), hardness (224.50 to
246.25 mg I), ammonium-N (0.10 to 0.22 mg I) and nitrite-N
(0.08 to 0.13 mg I') were estimated from each treatment (Table 2).
There was no significant difference (p<0.05) in temperature, pH,
dissolved oxygen (DO), alkalinity, hardness, ammonium ion and
nitrite in the water during the study period and all the parameters
were within the conducive range for the growth of common carp
(Gangadhar et al., 2015; Das et al, 2021). Though in the present
study, a higher range of alkalinity (198.83-228.17 mg I") and
hardness (224.50-246.25 mg I'') were observed. As per the report of
Bhatnagar and Devi (2019), both alkalinity and hardness above 300
mg I is generally lethal to fish except for some euryhaline species.
Similarly, Iffat et al. (2020) reported that common carp can tolerate
high range of hardness (420-3250 mg I").

Parameters

Treatments (%)

T0 T T3 T4
Temperature (°C) 29.48+0.21° 29.750.43¢ 29.4110.26° 29.56+0.40° 29.59£0.39°
pH 7.57+0.20° 7.82+0.17¢° 7.72+0.17¢2 7.65£0.15° 7.65t0.14°
Alkalinity (mg I) 215.42+27.5¢° 218.33+22.7° 198.83+27.3° 228.17+29.7¢ 212.33+24.1°
Hardness (mg I) 224.50+14.3¢ 231.33+11.42 230.67+8.94° 246.25$13.52 246.08+13.9¢
DO (mg I) 5.7840.47° 6.27£0.71° 6.62£0.412 5.56+0.792 7.64+0.10°
Ammonium-N (mg I'") 0.10£0.04° 0.1210.04° 0.22£0.07° 0.1720.06° 0.19£0.04°
Nitrite-N (mg I) 0.09+0.02° 0.08+0.01° 0.08+0.01° 0.08+0.01° 0.10+0.04°

Data are expressed as meantSE. Different superscripts in the same row indicate significant difference at 5% level.

© 2024 Indian Council of Agricultural Research | Indian J. Fish., 71 (3), July-September 2024 90



Growth parameters

In the present study, the results indicated that increased Azolla
meal in diet significantly enhanced percentage weight gain as well
as SGR and reached the highest level at 30% Azolla incorporation
in diet (Table 3). Analysis of periodic growth of fish indicates
that fishes at T4 treatment grow slowly up to the second month
of rearing and in the third month, fishes showed much faster
growth compared to first and second months of rearing (Fig. 1).
However, in comparison to the present study, Gangadhar et al.
(2017) reported better utilisation of Azolla meal by common carp
after two months of the culture with 20% Azolla supplementation.
Rahman (2015) stated that common carp shows seasonal change
and ontogenetic dietary shifts in its feeding habits. Similar to
the present study, Das et al. (2004) also reported that Azolla can
effectively substitute ground nut oil cake in the conventional diet
of Indian major carps by about 30%, without any adverse effects on
their survival, growth rate and muscle protein content. This results
also support the previous findings that up to 40% level of Azolla
inclusion significantly increased growth of carps (Das et al., 2004;
Kouberi Nath et al., 2022). Similarly, the current study also indicated
that variation of Azolla meal in the diet did not affect (p<0.05)
survival rate (80.00-93.33%) which was also previously reported by
many researchers (Panigrahi et al., 2014; Gangadhar et al., 2015).
Similar to this result, a high growth performance, maximum survival
rate and low FCR in Labeo fimbriatus, Labeo rohita, and Cirrhinus
mrigala were reported by Datta (2011), Gangadhar et al. (2014)
and Panigrahi et al. (2014) at 40% Azolla meal diets. According
to Magouz et al. (2020), Azolla meal has beneficial effects on the
digestive enzymes. For the length-weight relationship, the “b" value
expressed a negative allometric growth (b<3) as the "b” value varied
between 2.1 (T1) and 1.6 (T3) (Fig. 2) as previously observed by
Datta (2011) and Datta et al. (2013). However, the deviation of
growth pattern from cube law is caused by biological factors such
as degree of stomach fullness, gonad maturity, sex, health, food
availability and fatness of the species, as well as physicochemical
factors of culture environment (Hossain et al., 2016, Andrabi et al.,
2021). In this study clearly common carp fry exhibited negative
allometric growth up to 40% Azolla meal in the diet.

Haematological parameters

The results indicated that the Hb, MCV, PCV and RBC of common
carp significantly (p<0.05) decreased with increase in dietary Azolla
meal up to 30% level, but increased with rise in Azolla meal in the
diet (40%). At the same time, WBC levels increased with increasing
levels of Azolla meal in the diet up to 30% and then decreased

Effect of Azolla-based diet on common carp fry
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Fig. 1. Weight gain in common carp during 90 days of culture

(Table 4). PCA biplot of fish blood parameters indicated that the
first principal component explained (Dim 1) 63.5% and the second
principal component explained (Dim 2) 27.2% variability of the
data. RBC, PCV, MCV, Hb and WBC showed maximum variability
and highly correlated with the first principal component while MCH
and MCHC had less variability and correlated with the second
principal component, RBC showed a positive correlation with Hb,
while negative correlation with WBC (Fig. 3a). The stress that fish
experience when handled for sampling could be the reason for this
fluctuation in haematological parameters. A significant increase
in the number of WBC was associated with stressful situation
in fish (Abhijith et al, 2012). However, according to Ahmed and
Ahmad (2020), dietary nutrients in fish influence haematological
parameters.

Proximate composition

PCA biplot for feed showed that the first principal component
explained 59.4% and the second principal component explained
30.9% data variability. Fat, ash and protein in feed showed
maximum variability and highly correlated with the first principal
component and moisture had less variability and correlated with the
second principal component (Fig. 3b). PCA biplot of fish carcass
showed that the first principal component explained 38.2% and

Table 3. Growth, survival rate, and feed conversion ratio of common carp in different treatments

Treatments
Parameters 10 T1 T2 T3 T4
Initial weight (g) 2.4010.10: 233+ 0.1 5: 2.4010.102 2.3340.1 5: 2.3640.1 5:
Final weight (g) 7124011 7004044 8051030 8724149 8204128
Weight gain (%) 197.19+15.98 200.48+11,83 2354942 45 27330453 46 247.99458,66
SGR (% day") 12040.06 1224004 1344001 1451017 1374019
Survival rate (%) 93334333 90.00+10.00 86004333 80004577 83331333
FCR (%) 15740.16 1.3740.09 1.3540.06 125+0.23 1294017

Data are expressed as meanSE. Different superscripts in the same row indicate significant difference at 5% level.

© 2024 Indian Council of Agricultural Research | Indian J. Fish., 71 (3), July-September 2024 91



Vivekanand Bharti et al.

S 10 Jw=0004707 T0 & 3 1o Jw=0.00121 11
E 6 JR?=08224 : £ ¢ JR=08111
(5] — — L L]
= 2 I- I T T T T T ; 2 ™ T T T T T
30 40 50 60 70 80 90 40 50 60 70 80 90
Length (mm) Length (mm)
212 qw=00032L¢ T2 | S 9 qw=00071L0 T3
S 6 JR?=0.8891 £ ¢ JR=0818
(] l 'S I
£ 21 = 24
40 50 60 70 80 90 100 40 60 80 100
Length (mm) Length (mm)
@12 Jw=o0001212 ™
S 6 JR?=0.8697 =
(5] -
; 2 I T T T T
40 50 60 70 80 90
Length (mm)
Fig. 2. Length-weight relationship in experimental fish
Table 4. Haematological parameters of experimental fish in different treatments
Treatments
Parameters T0 T 2 T3 T4
a ab b b ab
Hb (g dlI") 7.17£0.20 5.9040.45 4.8010.56 4.67:0.24 6.07£0.94
MCH (g dI) 28.27+0.32 27.60+0.38 28.97+2.98 25.90+0.61 26.901.11
MCHC (pg) 33.67+0.33, 34.0040.00,, 38.33+4.33, 33.0040.58,, 32.00+0.58,
MCV () 84.17+0.43, 81.10+1.10,,, 75.5342.23, 77.7340.69,, 84.27+4.39,,
PCV (%) 21.33+0.67 17.3341.33, 12.6741.67 14.00£0.5§, 19.00£3.00,
RBC (million mm-) 2.530.07 2.1310.13 1.67¢0.17 1.80+0.06 2.2310.27
WBC (Thousand mm®) 31.47+ 34.29 49.5331.4 84.671 32.60 86.00£34.16 42.67+35.20

Data are expressed as mean+SE. Different superscripts in the same row indicate significant difference at 5% level.

second principal component explained 27.2% variability of the data.
Fat, ash and protein in fish showed maximum variability and highly
correlated with the first principal component, and moisture had
less variability and correlated with the second principal component
(Fig. 3c). According to PCA, the formulated fish feed and fish
carcass showed similar patterns in terms of fat, ash, protein and
moisture level variahility among treatments. Nekoubin and Sudagar
(2013) stated that feeding grass carp with Azolla meal significantly
affected the lipid content in its carcass. In the present study also,
the best protein and fat in fish carcass were obtained at 40% Azolla
meal and the highest protein content in the formulated diet was
obtained at 30% incorporation of Azolla meal (Table 5). In general,
the body fat content gradually increases with increase in dietary
protein level because the excess dietary protein content in these
diets gets deaminated and deposited as body fat (Ahmed and
Ahmad, 2020). However, El-Sayed (2008) reported that protein
and lipid contents in fish carcasses are negatively correlated with

Azolla meal levels in the diets, while body ash content is positively
correlated in Nile tilapia. According to Goswami et al. (2022),
fish-fed a duckweed based diet exhibited higher lipid content
compared to those fed a diet without duckweed. Similar to previous
studies, these findings suggests that the protein level in the diet
plays a key role in both growth and fat deposition in fish, with high
protein diets leading increased body fat (Ahmed and Ahmad, 2020).
However, Datta (2011) reported that protein content in L. rohita
remained unaffected by the incorporation of Azolla meal in the diet,
even when incorporated at levels ranging from 15 to 35%.

The results of the study clearly indicate that optimal growth
performance, protein content in fish carcasses and haematological
parameters can be achieved with a 30% Azolla meal diet for
common carp fry. As Azolla meal diet has been shown to enhance
immune functions of common carp (Magouz et al,, 2020), it can
effectively replace 30% of MOC in common carp diet resulting in
superior health and meat quality. However, this has to be further
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Table 5. Proximate composition of fish carcass and fish feed (on dry weight basis)

. Treatments

Components Parameters (%) T0 T T2 T3 7

Fish carcass Moisture 71.18+1.08" 71424124 73.3042.02° 72.03+0.90 73.34+085
Protein 46,452 77% 50.8140.76° 40.71+1.28¢ 44.68+2 44 51.8840.57°
Fat 229842141 30.43+1.43: 31.84+1.48 34.2441.81° 38.74+5.51°
Ash 88.77+0.95 91.66+0.39 89.4240.25 88.62+0.09 89.04+0 81

Fish Feed Moisture 3.44+0.29 4.85+1.20 53410.60 554+1.15 3.9140.29
Protein 22.3340.30¢ 23.76:0.21" 23.49:0.18" 24.58:0.26° 23.230.22°
Fat 13.79:0.18 14.0140.15, 12.1440.25 8.6740.13 6.3340.17 _
Ash 92.07+0.08 90.9240.05 89.02+0.12 87.64+0.19 86.96+0.01

Data are expressed as mean+SE. Different superscripts in the same row indicate significant difference at 5% level.
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Fig. 3. PCA Biplot of (a) blood parameters, (b) proximate composition in feed and (c) fish carcass
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confirmed by studying the digestibility of Azolla meal and effect
of anti-nutritional factors at different stages of growth of common
carp.

Acknowledgments

The authors are grateful to Director, ICAR-RCER, Patna for providing
the facilities and guidance during this study. Authors are grateful to

Mr. Amarendra Kumar, Mr. Balaji, Mr. Santosh, Mr. Anil, Mr. Ranjit,
and Mr. Avadhesh for technical support extended during the study.

References

Abhijith, B. D., Ramesh, M. and Poopal, R. K. 2012. Sublethal toxicological
evaluation of methyl parathion on some haematological and biochemical
parameters in an Indian major Catla catla. Comparat. Clin. Pathol., 21(1):
55-61. https:/doi.org/10.1007/s00580-010-1064-8.

Ahmed, I. and Ahmad, I. 2020. Effect of dietary protein levels on growth
performance, haematological profile and biochemical composition
of fingerlings rainbow trout, Oncorhynchus mykiss reared in Indian
Himalayan region. Aquac. Rep., 16: 100268. https://doi.org/10.1016/].
aqrep.2019.100268.

Ahmed, I, Khan, Y. M., Lateef, A, Jan, K., Majeed, A., Manzoor, A. and
Shah, M. A. 2023. Effect of fish meal replacement by Azolla meal on
growth performance, hemato-biochemical and serum parameters in the
diet of scale carp, Cyprinus carpio var. communis. J. World Aquac. Soc.,
54(5): 1301-1316. https:/doi.org/10.1111/jwas.12995.

Andrabi, S., Parveen, M. and Bakhtiyar, Y. 2021. Length-length, length-weight
relationship and condition factor of an ecological invader, Cyprinus
carpio (Linneaus, 1758) from Manasbal Lake of Kashmir Himalaya, India.
J. Fish., 9(3): 93203. https://doi.org/10.17017/}.fish.330.

AOAC 1995. Official methods of analysis. Association of Official Analytical
Chemists, 16" edn. Virginia, Washington DC, USA, 1141 pp.

APHA 2005. Standard methods for the examination of water and wastewater,
271t edn. American Public Health Association, Washington, DC, USA,
1200 pp.

Banerjee, A., Ganguly, S., Chatterjee, N. and Dhar, P. 2023. Discerning the
proximate composition, anti-oxidative and prebiotic properties of de-oiled
meals: Mustard and rice-bran. Food Chem. Adv., 2: 100247. https://doi.
org/10.1016/j.focha.2023.100247.

Bhatnagar, A. and Devi, P. 2019. Water quality guidelines for the management
of pond fish culture. Int. J. Environ. Sci., 5: 2. https://doi.org/10.6088/
ijes.2013030600019.

Bharti, V., Pandey, P K., Vennila, A., Rajkumar, M. and Ajima, M. N. 0. 2016.
Water quality, survival and growth performance of Cirrhinus mrigala
(Hamilton 1822) in substrate based tanks. Asian Fish. Sci., 29: 137-150.
https://doi.org/10.33997/.afs.2016.29.3.002.

Das, P. C., Sinhababu, D. P, Singh, D. P. and Sahu, P. K. 2004. Utilisation of
sun-dried Azolla caroliniana in substituting groundnut oil cake in the
conventional carp feed. J. Aquac., 12: 43-47. https://doi.org/10.61885/
j0oa.v12.2004.11.

Das, P. C., Kamble, S. P, Sahoo, N. and Velmurugan, P. 2021. Influence of
water exchange rates on fingerling production in Indian major carps
in large outdoor concrete tanks. Aquac. Eng., 95: 102203. https://doi.
org/10.1016/j.aquaeng.2021.102203.

Datta, S. N. 2011. Culture of Azolla and its efficacy in diet of Labeo
rohita. Aquacultue, 310 (3-4): 376-379. http://dx.doi.org/10.1016/].
aquaculture.2010.11.008.

Datta, S. N., Kaur, V. K., Dhawan, A. and Jassal, G. 2013. Estimation of
length-weight relationship and condition factor of spotted snakehead
Channa punctata (Bloch) under different feeding regimes. Springer Plus,
2:436. https://doi.org/10.1186/2193-1801-2-436.

Ebrahim, M. S. M., Zeinhom, M. M. and Abou-Seif, R. A. 2007. Response of
Nile tilapia (Oreochromis niloticus) fingerlings to diets containing Azolla
meal as a source of protein. J. Arabian Aquac. Soc., 2(1): 54-69.

El-Sayed, A. 2008. Effect of substituting fish meal with Azolla pinnata
in practical diets for fingerling and adult Nile tilapia, Oreochromis
niloticus  (L.). Aquac. Res., 23(2): 167-173.  http://dx.doi.
org/10.1111/j.1365-2109.1992.tb00607 .x.

Gangadhar, B., Sridhar, N, Saurabh, S., Raghavendra, C. H,
Hemaprasanth, K. P, Raghunath, M. R. and Jayasankar, P. 2014. Growth
response of Cirrhinus mrigala fry to Azolla (Azolla pinnata) incorporated
diets. Fish. Technol., 51: 156-161.

Gangadhar, B., Sridhar, N, Saurabh, S., Raghavendra, C. H,
Hemaprasanth, K. P, Raghunath, M. R. and Jayasankar, P. 2015. Effect of
Azolla-incorporated diets on the growth and survival of Labeo fimbriatus
during fry-to fingerling rearing. Cogent Food Agric., 1(1055539): 1-8.
https://doi.org/10.1080/23311932.2015.1055539.

Gangadhar, B., Umalatha, H., Hegde, G. and Sridhar, N. 2017. Digestibility
of dry matter and nutrients from three ingredients by the carps Labeo
fimbriatus (Bloch, 1795) and Cyprinus carpio Linnaeus, 1758 with a note
on digestive enzyme activity. Indian J. Fish., 64(3): 75-84. https:/doi.
0rg/10.21077/1JF.2017.64.3.69091-11.

Gopan, A, Lalappan, S., Varghese, T., Maiti, M. K. and Peter, R. M. 2020. Anti-
nutritional factors in plant-based aquafeed ingredients: Effects on fish
and amelioration strategies. Biosc. Biotech. Res. Comm., 13(12): 01-09.

Goswami, R. K., Sharma, J., Shrivastay, A. K., Kumar. G., Glencoss, B. D.,
Tocher, D. R and Chakrabarti, R. 2022. Effect of Lemna minor
supplemented diets on growth, digestive physiology and expression of
fatty acids biosynthesis genes of Cyprinus carpio. Sci. Rep., 12: 3711.
https://doi.org/10.1038/s41598-022-07743-x.

Hossain, M. Y., Hossen, M. A., Islam, M. M., Pramanik, M. N. U., Nawer, F,,
Paul, A. K., Hameed, H. M. A., Rahman, M. M., Kaushik, G. and Bardoloi, S.
2016. Biometric indices and size at first sexual maturity of eight alien
fish species from Bangladesh. Egyptian J. Aquat. Res., 42(3): 331-339.
https://doi.org/10.1016/j.ejar.2016.09.001

Iffat, J., Tiwari, V. K., Verma, A. K. and Pavan-Kumar, A. 2020. Effect of different
salinities on breeding and larval development of common carp, Cyprinus
carpio (Linnaeus, 1758) in inland saline groundwater. Aquaculture, 518:
734658. https://doi.org/10.1016/j.aquaculture.2019.734658.

Jose, S, Roy, R, Phukan, A. R., Shakyawar, D. B. and Sankaran, A. 2022.
Biochar from oil cakes: an efficient and economical adsorbent
for the removal of acid dyes from wool dye house effluent. Clean
Technol. Environ. Policy, 24: 1599-1608. http://dx.doi.org/10.21203/
rs.3.rs-795342/v1.

Kouberi Nath, Das S. K., Das A. and Chakrabarti, A. 2022. Azolla improves
survival, net fish yield of Cirrihinus mrigala (hamilton, 1822) under mid
hill aquaculture in Meghalaya, India. Multilogic Sci., 12(43): 16-19.

Kumar, R. and Banerjee, T. K. 2016. Arsenic induced haematological
and biochemical responses in nutritionally important catfish Clarias
batrachus (L.). Toxicol. Rep., 8(3): 148-152. https://doi.org/10.1016%2F;j.
toxrep.2016.01.001.

Liu, K. 2019. Effects of sample size, dry ashing temperature and duration on
determination of ash content in algae and other biomass. Algal Res., 40:
101486. https://doi.org/10.1016/j.algal.2019.101486.

© 2024 Indian Council of Agricultural Research | Indian J. Fish., 71 (3), July-September 2024 94



Magouz, F. I, Dawood, M. A., Salem, M. F. and Mohamed, A. A. 2020. The
effects of fish feed supplemented with Azolla meal on the growth
performance, digestive enzyme activity, and health condition of
genetically-improved farmed tilapia (Oreochromis niloticus). Ann. Anim.
Sci., 20: 1029-1045. https://doi.org/10.2478/a0as-2020-0016.

Maity, J. and Patra, B. C. 2008. Effect of replacement of fishmeal by Azolla
leaf meal on growth, food utilization, pancreatic protease activity and
RNA/DNA ratio in the fingerlings of Labeo rohita (Ham.). Can. J. Pure
Appl. Sci., 2(2): 323-333. https://api.semanticscholar.org/CorpusliD:
237951947.

Majhi, S. K., Das, A. and Mandal, B. K. 2006. Growth performance and
production of organically cultured Grass Carp Ctenopharyngodon idella
(Val.) under mid-hill conditions of Meghalaya; North Eastern India.
Turkish J. Fish. Aquat. Sci., 6: 105-108.

Mansour, A. T. and Esteban, M. A. 2017. Effects of carbon sources and
plant protein levels in a biofloc system on growth performance, and the
immune and antioxidant status of Nile tilapia (Oreochromis niloticus).
Fish Shellfish Immunol., 64: 202-209. https://doi.org/10.1016/j.fsi.
2017.03.025.

Mishra, R., Singh, P. and Singh, M. 2018. Growth performance analysis
of Catla catla (Hamilton, 1822) in rural earthen pond with the help of
commercial and traditional feed. J. Entomol. Zool. Stud., 6(6): 916-920.

Nekoubin, H. and Sudagar, M. 2013. Effect of different types of plants
(Lemna sp., Azolla filiculoides and Alfalfa) and artificial diet (with two
protein levels) on growth performance, survival rate, biochemical
parameters and body composition of grass carp (Ctenopharyngodon
idella). J. Aquac. Res. Dev., 4(2): 1000167. https://doi.org/10.4172/2155-
9546.1000167.

Effect of Azolla-based diet on common carp fry

Panigrahi, S., Choudhury, D., Sahoo, J. K., Das, S. S. and Rath, R. K. 2014.
Effect of dietary supplementation of Azolla on growth and survivability
of Labeo rohita fingerlings. Asian J. Anim. Sci., 9(1): 33-37. https:/api.
semanticscholar.org/Corpus|D:85763720.

Rahman, M. M. 2015. Role of common carp (Cyprinus carpio) in aquaculture
production systems. Front. Life Sci., 8(4): 399-410. https://doi.org/10.10
80/21553769.2015.1045629.

Sharma, A., Ghorai, T, Kumar, S., Srivastava, P P and Ram, R. K. 2022.
Comparative study of somatic growth performance of amur carp with
Indian major carps in North Bihar, Indian Pharma Innovat. J., 11(7):
3503-3506.

Singh, R., Singh, P, Nayak, S. K., Reang, D. and Tripathi, G. 2017. Comparative
utilisation and food conversion ratio study of different feed ingredients
like; rice bran, fish meal, mustard oil cake and floating feed mixture in
earthen pond fed via Tor tor (Hamilton, 1822) Fingerlings. Res. Rev.
J. Life Sci,, 7(2): 35-41.

Sumi, K. R., Sharker, M. R., Rubel, M. and Islam, M. S. 2023. Nutritional
composition of available freshwater fish species from homestead ponds
of Patuakhali, Bangladesh. Food Chem. Adv., 3: 100454. http://dx.doi.
0rg/10.1016/j.focha.2023.100454.

Swati, Sehwag, S. and Das, M. 2015. A brief overview: Present status on
utilisation of mustard oil and cake. Indian J. Tradit. Know., 14(2): 244-250.

Wang, J. T, Han, T, Li, X. Y, Yang, Y. X, Yang, M., Hu, S. X. and Harpaz, S.
2017. Effects of dietary protein and lipid levels with different
protein-to-energy ratios on growth performance, feed utilisation and
body composition of juvenile red-spotted grouper, Epinephelus akaara.
Aquac. Nutr, 23: 994-1002. https://doi.org/10.1111/anu.12467.

© 2024 Indian Council of Agricultural Research | Indian J. Fish., 71 (3), July-September 2024 95



