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This paper discusses about a four weeks feeding experiment that was conducted to assess the effect of fish feed on growth, 
body protein and lipid content of Oreochromis niloticus. Four types of fish feeds were prepared using different principal 
protein sources including soybean, spirulina, Azolla and Azolla with methionine. Four groups of fishes were maintained and 
each group was fed with one among the four feeds. The overall increase in weight and length was found to be more in the 
fishes fed with soybean meal and spirulina meal respectively. The body protein content was found to be highest in fishes 
fed with Azolla with methionine meal. The body lipid content was found to be lowest in fishes fed with spirulina meal. 
Thus Azolla meal can produce good quality fishes with increased protein content. The use of Azolla as an alternative protein 
source would help to reduce the feed cost. 

Zoology

INTRODUCTION
Fish providing a significant amount of the animal protein is an 
excellent dietary source of highly unsaturated and polyunsatu-
rated fatty acid (Waseem et al., 2007). Thus by feeding best 
food to our precious captive fish, it is possible to obtain best 
food for us. There is an increasing interest in consumption of 
fish because it has been linked to health benefits of preven-
tion of human coronary artery disease, improvement of retina 
and brain development, decreased incidence of breast cancer, 
rheumatoid arthritis, multiple scelerosis, asthma, psoriasis, in-
flammatory bowel disease and regulation of prostaglandin syn-
thesis (Bang et al., 1980 and Blanchet et al., 2000).  A quality 
fish feed should provide the nutritional requirements for good 
health, optimum growth, optimum yield and minimum waste 
within reasonable cost to optimize the profit (Schmittou et al., 
1998).  Nutritionally faulty feed can impair food productivity 
and can have substantial impact on the environment through 
accumulation of wasted feed. Therefore the first factor to be 
considered during the formulation is the quality of the feed (El-
Sayed., 1999). The quality of the feed refers to its nutritional 
and physical characteristics that facilitate effective consumption 
and digestion. It is important to formulate feed for fish with 
high protein content. The choice of dietary protein should be 
an economic decision since it depends on the cost and availa-
bility of the protein source as well as the expected returns from 
fish growth and value. The principal protein sources that are 
generally used for fish feed formulation includes soybean meal, 
fish hydrosylate, skim milk powder, legumes, wheat gluten and 
additionally amino acids such as lysine and methionine are also 
used to supplement the diet. (Clucas et al., 1981). The principal 
protein sources used for the fish feed formulation in this study 
were soybean, Spirulina arthrospira and Azolla microphylla. 
This study was an attempt to formulate and test the efficacy of 
cost effective and protein rich feeds for culturing edible fishes 
using Oreochromis niloticus as an experimental model.

METHODOLOGY
Collection of principal protein sources and preparation of 
fish feed: 
Azolla microphylla was collected from Tamilnadu Agricultur-
al University, Madurai and washed well with water and shade 
dried for about 36 hours. The dried Azolla was ground into 
fine powder and used as principal protein source for fish feed 
formulation.

Table 1: Fish feed formulation

Ingredients 
Soybean 
Meal

Spirulina 
Meal

Azolla 
Meal

Azolla with 
Methionine 
Meal

principal 
protein 
supplement  

Soybean 
Powder
50 gm

Spirulina 
Powder
50 gm

Dried 
powdered 
Azolla

50 gm

Dried powdered 
Azolla with 
Methionine*
(*1.34gm 
methionine was 
added with 
48.66gm dried 
Azolla) 
 50 gm

Milk 
powder 23 gm

Corn flour 8 gm
Egg 
albumin 15 gm

Agar 2 gm
Turmeric 0.2 gm
Garlic 0.4 gm
Pepper 0.2 gm
Cumin 0.2 gm
Cod liver oil 1.5ml
Vitamin 
mixture (B 
complex 
+ E : each 
0.5gm)

1 gm

 
To the principal protein supplement, other ingredients like 
milk powder, corn flour and egg albumin, agar, turmeric, gar-
lic, pepper and cumin were added. This mixture was boiled 
with 120ml of water for 20 minutes and then cooled at room 
temperature.  After cooling, cod liver oil and vitamin mixture 
were added and mixed well and refrigerated for 12 hours. It 
was then squeezed over polythene sheet and dried at room 
temperature for 48 hours. The dried nodules are crushed into 
small pellets and sun dried to avoid fungal infection. The dried 
pellets were weighed and stored in a dry airtight container 
(Bhosale et al., 2010).

Feeding O. niloticus with formulated feed:
The amount of daily requirement of feed was calculated us-
ing the formula proposed by the National Research Council, 
US (1993) to avoid over or under feeding the fishes. The dai-
ly feed requirement for the fishes has been split into equal 
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halves and fed to the fishes twice a day. 

Daily requirement of feed = Average fish weight (gms) x Feed
rate (%) x Number of fishes

Measuring the growth parameters:
The length and the weight of the fishes were measured at 

regular intervals to assess the effect of the growth.

Protein and Lipid Estimation:
Folin –Ciocalteu Phenol method [Lowry et al., 1951] was 
adopted for the estimation of protein in the fish tissues. The 
chloroform : methanol extraction procedure [Folch et al., 
1957] was used for estimating lipid in the fish tissues. 

RESULT
Table 2 : Comparative effect of different principal protein sources on growth of Oreochromis niloticus

principal protein source

Increment in growth
Weight (g) Height (cm)

Initial
Final 
(after 4 weeks of 
feeding)

Increment Initial Final (after 4 weeks of 
feeding) Increment

Soybean  7.96 10.87 2.91 8.16 10.33 2.17
Spirulina 8.41 10.89 2.48 7.83 10.83 3
Azolla  9.50 12.12 2.62 8.83 10.83 2
Azolla  with Methionine 15.96 18.32 2.36 10.50 12.50 2

Table 3 : Comparative effect of different principal protein 
sources on protein and lipid content of Oreochromis nilot-
icus

principal 
protein source

Protein  content
(mg /g of  dried tissue 
sample of fish)

Lipid content
(mg/ g of dried tissue 
sample of fish )

Soybean  86 66.8
Spirulina 106  30.4
Azolla  76 35.6
Azolla  with 
Methionine 124 116.8

 
DISCUSSION
Total weight gain and increase in length:
Table 2 indicates that the overall increase in weight was found 
to be more in the fishes that were fed with soybean meal. Da-
vis and Stickney (1978) have demonstrated that Oreochromis 
niloticus grow well on diets with soybean meal as the protein 
source. The overall increase in length was found to be more 
in fishes which were fed with spirulina meal. Vasudhevan 
(2008) reported that spirulina diet can significantly enhance 
the feed consumption, feeding rate, specific growth rate and 
feed conversion rate in Oreochromis niloticus. Sayed (1994) 
also reported that high feed intake resulted in length gain and 
specific growth rate in Oreochromis niloticus which con-
sumed spirulina substituted diet than those supplied with soy-
bean meal and chicken offal meal. The fishes that were fed 
with Azolla meal showed comparatively more weight gain 
than the fishes that were fed with spirullina meal and Azolla 
with methionine meal and the fishes that were fed with Azol-
la meal showed greater increase in length compared to the 
fishes that were fed with Azolla with methionine meal. The 
digestibility of a particular feed ingredient reflects in growth 
of fish. The growth of fish depends upon the ingredients and 
its percentage in the formulated feed (Glencross et al., 2007). 

Body protein and lipid content:
Table 3 indicates that the body protein content was found to 
be highest in fishes that were fed with Azolla with methio-
nine meal and the body lipid content was lower in fishes that 
were fed with Azolla meal compared with fishes that were 
fed with soybean meal and Azolla with methionine meal.  
Sithara et al., (2008) reported that Azolla as a protein sup-
plement can enhance the bioenergetics parameters like feed-
ing rate and growth in Oreochromis niloticus. Increased 
feed conversion rate in Oreochromis niloticus due to higher 
feeding of Azolla was also reported by Almazan et al., (1986). 

CONCLUSION
Results of the current study indicates that fish feed prepared 
with Azolla microphylla as a principal protein source has a 
potential role as another economical plant protein alternative 
in feed formulations for commercial production of Oreochro-
mis niloticus. Since Azolla meal showed better weight gain 
in O. niloticus along with increased body protein content and 
decreased body lipid content. Such locally available cheap and 

quality ingredient can improve livelihood and food security of 
the poor by contributing to improvements in aquaculture pro-
duction and by assuring the supply of a healthy animal protein 
to the consumers. 
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