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Abstract 
Fish meal is considered as the best protein source in fish and shrimp feed. However, due to its increasing 
cost and high demand in animal husbandry and aquaculture industry, there is a need for replacement of 
fish meal with ideal alternative protein source. Recent research shows the potential of earthworm meal as 
a replacement of fish meal. In the present study, the potential of earthworm meal (Eisenia fetida) as a 
replacement of fish meal for culture of three Indian major carps, catla (Catla catla, Hamilton), rohu 
(Labeo rohita, Hamilton,) and mrigal (Cirrhinus mrigala, Hamilton) with stocking ratio 1:1:1 was 
evaluated in 12 cement concrete tanks with size of 2.5 m ×1.5 m ×1.5 m for a culture period of 90 days. 
Four experimental iso-nitrogenous (35% crude protein) and iso-caloric (15MJ kg-1) diets were prepared 
with (i) no replacement of fish meal (Diet A), (ii) 20% replacement of fish meal with earthworm meal 
(Diet B), (iii) 50% replacement of fish meal with earthworm meal (Diet C) and 100% replacement of fish 
meal with earthworm meal (Diet D). These diets were fed to the fishes twice a day at 3% body weight 
using broadcasting methods. Diet C treatment produced higher growth of fishes in comparison to the 
other treatments. In case of Diet C treatment, total fish production was found to be 63% higher than Diet 
A, 45% higher than Diet B and 16% higher than Diet D treatment. Based on the results obtained from the 
present study, it can be concluded that 50% replacement of fish meal with earthworm meal in the diet 
may be used as an ideal alternate protein source for better growth performance of Indian major carps. 
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1. Introduction 
Fish meal is considered as the best protein source in fish and shrimp feed because of its 
balanced amino acids, vitamin contents, palatability, growth factor, and attractant properties [1, 

2]. But fish meal, being a restricted fishery resource, will not be able to supply the aquaculture 
industry with a continuous source of inexpensive protein indefinitely [3]. Moreover, the 
increasing cost of high-quality fish meal used in production of aqua-feeds compelled the fish 
nutritionists around the globe to investigate and identify the novel and renewable alternative 
non-conventional protein source for the continued expansion and sustainability of aquaculture 
industry [4, 5]. 
Various researchers are focusing on other locally available cheap protein sources (e.g. plant 
protein, agricultural by-products, fishery by-products, terrestrial animal by-products, grain 
legumes, oil seed plants etc.) in animal feeds. Plant protein sources have been tried as 
alternatives in the diets of fish [6]. A major drawback in the use of plant proteins, however, is 
the presence of anti-nutritional factors in organic fish culture [7]. Some researchers used other 
animal sources such as poultry by-product [8], meat and bone meal [9] with favorable results in 
some cases.  
Several researchers reported the use of earthworm as dietary protein source either alone or in 
combination with other feed ingredients in formulating the fish diets [10-14]. Earthworms 
possess amino acid profiles similar to fish and have been used as protein supplements in the 
diets of fish [11]. Earthworm contains variable lipid contents naturally high in ω-3 fatty acid 
which enhances immunity in animals [15-17]. Extensive analysis of the lipid fraction of 
earthworms have revealed a high proportion of polyunsaturated fatty acids (linolenic; ω-3 fatty 
acids), which is essential for formulating fish feed of many species [18]. The protein and lipid 
contents of earthworm have been reported to vary from 50 to 70% and 5 to 10%, respectively 
[15-17]. The quantity of sodium, calcium and potassium available in the earthworm is sufficient 
in meeting the requirement levels for cat fish and all tropical fish [5].
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Dried earthworm meal was used as a replacement for fish 
meal in a culture trial with common carp [12]. It was found that 
fish meal partially replaced by earthworm meal and enriched 
with 5% sardine oil resulted in the best growth of fish. Three 
forms of earthworm viz. (i) whole earthworm (ii) earthworm 
custard, and (iii) pelleted earthworm diet were used to prepare 
three iso-nitrogenous (500 g protein kg−1 diet) and iso-caloric 
(17.0 MJ kg−1 diet) experimental diets for rohu advanced fry 
[19]. It was found that maximum growth of advanced fry 
occurred in pelleted earthworm diet.  
It can be observed from the previous literatures that a lot of 
research has already being conducted to evaluate the potential 
of earthworm meal as a replacement of fish meal. However, 
till date no work is reported on utilization of earthworm meal 
as a replacement of fishmeal in the culture of Indian major 
carps.  
In the present study, the efficacy of earthworm meal as a 
replacement of fish meal for culture of three Indian major 
carps, catla (Catla catla, Hamilton), rohu (Labeo rohita, 
Hamilton,) and mrigal (Cirrhinus mrigala, Hamilton) was 
evaluated. Four experimental iso-nitrogenous (35% crude 
protein) and iso-caloric (15MJ kg-1) diets were prepared with 
(i) no replacement of fish meal (Diet A), (ii) 20% replacement 
of fish meal (Diet B), (iii) 50% replacement of fish meal (Diet 
C) and 100% replacement of fish meal (Diet D). 
 
2. Materials and methods 
Indian major carps comprising catla (Catla catla, Hamilton), 
rohu (Labeo rohita, Hamilton) and mrigal (Cirrhinus mrigala, 
Hamilton), collected from Naihati Fish Hatchery were 
cultured in 12 cement concrete tanks with size of 2.5 m ×1.5 
m ×1.5 m. The effective water volume in each tank was kept 
at 3.75 m3. 12 fishes per experimental tank were stocked at a 
stocking ratio of 1:1:1 (i.e., 4 nos. catla, 4 nos. rohu and 4 nos. 
mrigal). Prior to tank culture, the fishes were acclimatized in a 
wet laboratory for 15 days in a cement concrete tank with size 
3.6 m ×2.5 m ×1.5 m with supplemental aeration using an air 
pump (Medini pump). During acclimatization, the fish were 
fed with a local (EPIC, Govt. West Bengal) fish feed 
containing 26% crude protein based sinking peletted feed. 
After acclimatization, the fish seeds were kept in a bath in 2% 
NaCl solution for 1-2 minute and were stocked in the 
experimental tanks at a density of 3 numbers per m3. The 
initial stocked size of fingerlings for rohu, catla and mrigal 
were 8.03 ± 0.02 g; 8.18±0.05 g, and 7.85± 0.03 g 
respectively. Stocking was done in the early mornings until 
9:00 h. Best management practices was followed in the 
culture experiments which included (i) aeration to maintain 
dissolved oxygen level above 5.0 mg L-1 and (ii) Removal of 
fecal matter and uneaten feed though siphoning and 30% 
water exchange on a daily basis to maintain optimum water 
quality parameters. 
Four experimental iso-nitrogenous (35% crude protein) and 
iso-caloric (15MJ kg-1) diets were prepared with (i) no 
replacement of fish meal (Diet A), (ii) 20% replacement of 
fish meal with earthworm meal (Diet B), (iii) 50% 
replacement of fish meal with earthworm meal (Diet C) and 
100% replacement of fish meal with earthworm meal (Diet D) 
and were fed to fishes for a culture period of 90 days. Each of 
the above four treatments were replicated thrice. The fish 
were fed twice a day at 3% body weight by broadcasting 
methods at 8.30 to 9.00 and 16.30 to 17.00 h [20]. 
 
 

2.1 Proximate composition of experimental diets 
The proximate composition of earthworm (Eisenia fetida) and 
formulated diets was evaluated [21]. Moisture content was 
determined by differential weighing of dried and fresh 
samples. Crude protein was determined by the macro-kjeldahl 
method. Ash content was measured by weighing after drying 
and ashing at 500°C in a muffle furnace. Ether extract or 
crude fat was estimated by ether extraction method. Crude 
fiber was found out by acid digestion of residues from the 
ether extraction and loss in weight on ignition. Gross energy 
was determined using bomb calorimeter (Parr 6300 
Calorimeter, Moline, IL, USA), using benzoic acid as a 
standard. The proportions of different ingredients in the 
experimental diets are presented in Table 1. The proximate 
composition of feed ingredients is shown in Table 2. The 
proximate compositions of the experimental diets are 
presented in Table 3. It can be seen from the table that all the 
experimental diets were iso-nitrogenous (35% crude protein) 
and iso-caloric (15MJ kg-1). 
 
Table 1: Proportions (%) of ingredients of different feed treatments 

in Indian major carp 
 

Ingredients Diet A Diet B Diet C Diet D 
Earthworm meal - 5.12 12.80 25.60 

Fish meal 25.60 20.48 12.80 - 
Soybean meal 35.00 35.00 35.00 35.00 

Mustard oil cake 24.40 24.40 24.40 24.40 
Wheat floor 13.00 13.00 13.00 13.00 

Vitamin 1 1 1 1 
Mineral mixture 1 1 1 1 

 
Table 2: Proximate composition of feed ingredients 

 

Ingredients 
Crude 
protein 

Crude 
fat 

Ash Moisture 

Earthworm meal 54 9.13 8.44 10.14 
Fish meal 54 8.5 17 8 

Soybean meal 40 6 9 8 
Mustard oil cake 23 7 11 10 

Wheat floor 11 4 8 8 
Vitamin and Mineral 

mixture - - -  

 
Table 3: Proximate composition of experimental diets 

 

 Diet-A Diet-B Diet-C Diet-D 
Crude protein (%) 34.86 34.85 34.85 34.86 

Crude fat (%) 6.50 6.53 6.55 6.65 
Carbohydrate (%) 27.07 27.83 28.52 29.77 
Crude fiber (%) 10.50 10.9 10.12 10.15 

Ash (%) 11.22 10.78 10.16 9.07 
Moisture (%) 10.11 9.11 9.8 9.5 

Energy (MJ kg−1) 15.66 15.65 15.66 15.70 
 
2.2 Preparation of earthworm meal  
Mature earthworms (Eisenia fetida) were collected from an 
existing vermicomposting farm. The earthworms were 
washed using water to separate manure from outside skin and 
fecal mud and then kept in cold water (-14 C) for 24 hours 
[22]. The earthworms were grinded and dried using vacuum 
oven at 50 C for 12 hours and sieved to obtain earthworm 
meal powder in homogenized form. 
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2.3 Water quality parameters 
Water samples were collected at 9.00 h and 3.00 h at alternate 
day for analyzing temperature, pH and dissolved oxygen 
(DO). Total ammonia nitrogen (TAN), orthophosphate and 
BOD were analyzed weekly once [23]. 
The water temperature, pH and DO were recorded with the 
help of a portable digital YSI Dissolved Oxygen Meter. TAN 
and Orthophosphate level of tank water was estimated by 
spectrophotometric method [23]. For BOD measurement, water 
sample was collected in BOD bottle and kept in the BOD 
incubator for 5 days. The change in DO concentration in the 
water sample was measured over 5 day incubation period at 
20 °C. 
 
2.4 Determination of fish growth parameters 
More than 50% of the fish of all the tanks were sampled 
weekly and individual measurements were taken to determine 
the fish yield parameters. The major fish growth parameters 
included: i) Net weight gain, ii) specific growth rate (SGR), 
iii) feed conversion ratio (FCR). These parameters were 
calculated using the following equations: 
Net weight gain= Average final weight (g) - Average initial weight (g) 

 
 
 

 
  
2.5 Statistical analysis 
Data of different water quality and fish growth parameters 
were analyzed by one-way ANOVA with different diet 
treatments as the factor. Post-hoc comparisons were made 
using Duncan’s new multiple range test [24] to detail the 
significant differences among the treatments (p<0.05). All 
statistical analysis was performed using SPSS version 17. 
 

3. Results and Discussion 
The values of temperature, DO, pH, Total Ammonia Nitrogen 
(TAN), orthophosphate and BOD ranged from 28.1 to 28.3 
ºC; 3 to 5 mg L-1; 7.93 to 8.14; 0.41 to 0.48 mg L-1; 0.76 to 
0.85; 9.12 to 9.22 mg L-1 respectively. It can be noticed from 
the above data that all the values of the measured water 
quality parameters are within the normal range of carp rearing 
[25]. Mean values (± SD) of water quality parameters recorded 
in different feeding trails are presented in Table 4.  

 
Table 4: Mean values (± SD) of water quality parameters recorded in different feeding trials 

 

Parameters Diet A Diet B Diet C Diet D 
Temperature(º C) 28.31±0.09a 28.45±0.74a 28.35±0.08a 28.37±0.06a 

DO (mg L-1) 6.81±0.11b 6.50±0.10ab 6.16±0.02a 6.39±0.22a 
pH 7.93±0.02a 8.05±0.01b 8.14±0.03c 7.98±0.02ab 

TAN (mg L-1) 0.41±0.01a 0.47±0.004b 0.47±0.01b 0.48±0.003b 
Orthophosphate (mg L-1) 0.76±0.006a 0.84±0.014b 0.85±0.005b 0.83±0.50c 

BOD (mg L-1) 9.12±0.06a 9.18±0.09a 9.22±1.01a 9.14±1.05a 
Note: Mean values followed by different letters in the same row are different by Tukey HSDa test, TukeyBa (p<0.05)

 
In the present study, there was no mortality rate in all the 
different dietary treatments. Growth performances of rohu, 
catla and mrigal fingerlings are presented in Table 5, 6 and 7 
respectively. Weekly growth performances of rohu, catla and 
mrigal fingerlings are shown in Fig. 1, 2 and 3 respectively. It 
can be seen from Table 5, 6 and 7 and Fig. 1, 2 and 3 that Diet 
C treatment contributed greater individual weight gain, and 
net fish production followed by Diet D, Diet B and Diet A 
treatments. Weekly SGR values of rohu, catla and mirgal are 
presented in Fig. 4, 5 and 6. It can be noticed from the figures 
that in 2nd and 3rd week of culture, maximum SGR was 
recorded in Diet C followed by Diet D, Diet B and Diet A 
treatment for all fish species. However, as per Table 5, 6 and 
7, maximum overall SGR values for rohu, catla and mrigal 
were recorded as 3.75 in Diet C; 3.62 in Diet C and 3.59 in 
Diet D respectively. Minimum FCR values for rohu, catla and 
mrigal were found to be 1.50, 1.54 and 1.62 respectively in 
Diet C treatment. 
 
Table 5: Growth performance of Rohu in different feed trial systems 

 

Parameter Diet A Diet B Diet C Diet D 
Initial weight(g) 8.03a 8.04a 8.01a 8.04a 
Final weight(g) 69.86a 99.64b 187.59d 154.36c 

Net weight gain(g) 61.83a 91.62b 179.58d 146.32c 
RGR 24.32a 24.32a 51.52d 30.59c 
SGR 2.58a 3.00b 3.75d 3.49c 
FCR 1.76d 1.70c 1.50a 1.53b 

Note: Mean values in same row with different superscripts are 
significantly different by Tukey HSDa test, TukeyBa (p<0.05) 

 
 

Table 6: Growth performance of Catla in different feed trial systems 
 

Parameter Diet A Diet B Diet C Diet D 

Initial weight(g) 8.18a 8.12a 8.19a 8.20a 
Final weight(g) 67.40a 97.64b 180.93d 145.36c 

Net weight gain(g) 59.22a 89.46b 172.74d 137.16c 
RGR 19.57a 23.78b 35.22d 29.65c 
SGR 2.51a 2.96b 3.62d 3.42c 
FCR 1.81d 1.73c 1.54a 1.58b 

Note: Mean values in same row with different superscripts are significantly 
different by Tukey HSDa test, TukeyBa (p<0.05) 

 
Table 7: Growth performance of Mrigal in different feed trial 

systems 
 

Parameters Diet A Diet B Diet C Diet D 

Initial weight(g) 7.66a 7.85b 8.03c 7.95b 
Final weight(g) 65.40a 90.64b 134.26d 125.36c 

Net weight gain(g) 57.74a 82.79b 126.23d 117.41c 
RGR 19.95a 23.48a 30.66c 28.10b 
SGR 2.55a 2.91b 3.35c 3.59d 
FCR 1.84d 1.77c 1.62a 1.65b 

Note: Mean values in same row with different superscripts are significantly 
different by Tukey HSDa test, TukeyBa (p<0.05) 
 

)(
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Fig 1: Growth performance of rohu in different treatments 
 

 
 

Fig 2: Growth performance of catla in different treatments 
 

 
 

Fig 3: Growth performance of mrigal in different treatments 
 

 
 

Fig 4: Weekly SGR of rohu in different treatments 

 
 

Fig 5: Weekly SGR of catla in different treatments 
 

 
 

Fig 6: Weekly SGR of mrigal in different treatment 
 
It can be observed from the above findings that, Diet C 
treatment produced higher growth in comparison to the other 
treatments. In case of Diet C treatment, total fish production 
was found to be 63% higher than Diet A, 45% higher than 
Diet B and 16% higher than Diet D treatment.  
The hard cuticle in the earthworm contains the chitin. The 
growth and dietary performance of fish in Diet D treatment 
(100% replacement of fish meal with earthworm meal) was 
slightly less than that in Diet C treatment. It may be due to the 
presence of more chitin in Diet D treatment than Diet C 
treatment. Chitin is a polymer of glucosamine and is insoluble 
in common solvents. Various researchers reported that this 
chitin depresses growth in fishes. Depressed growth in tilapia 
Oreochromis niloticus × O. aureaus, fed with diets containing 
chitin as low as 2% was observed [26]. Depression in growth in 
catfish fed with high levels of meal worms occurred because 
of presence of high levels of chitin [3]. Similar results of 
depressed growth were also observed while feeding rohu 
advanced fry with whole earthworm diet and earthworm 
custard diet containing high levels of chitin [19]. Further, 
earthworm diets has deficiency in certain amino acids like 
lysine, methionine and cystine [27, 28] which might have 
resulted in low growth and feed utilization in Diet D treatment 
in comparison to Diet C treatment.  
 
4. Conclusion 
The main aim of the present study was to evaluate the 
potential of earthworm meal (Eisenia fetida) as a replacement 
of fish meal for culture of three Indian major carps, catla 
(Catla catla, Hamilton), rohu (Labeo rohita, Hamilton,) and 
mrigal (Cirrhinus mrigala, Hamilton). Four experimental iso-
nitrogenous (35% crude protein) and iso-caloric (15MJ kg-1) 
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diets were prepared with (i) no replacement of fish meal (Diet 
A), (ii) 20% replacement of fish meal with earthworm meal 
(Diet B), (iii) 50% replacement of fish meal with earthworm 
meal (Diet C) and 100% replacement of fish meal with 
earthworm meal (Diet D). Based on the results obtained from 
the study, it can be concluded that 50% replacement of fish 
meal with earthworm meal in the diet may be used as an ideal 
alternate protein source for better growth performance of 
Indian major carps. 
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