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Introduction 
 

In aquaculture practices, only the feed 

accounts more than half of the production cost 

and protein in the feed is the most important 

component in the rise of feed cost making a 

massive proportion of the total operational 

cost (Gatlin, 2010). Currently, fishmeal is 

accepted by nutritionists as a superior, 

palatable and very digestible feed ingredient 

that is favored for incorporation to the diet of 

most farm animals, especially fish and shrimp 

(Miles and Chapman, 2012). Source of fish 

meal is the finite and high demand of fishmeal 

for aqua feeds and other livestock results in 

growing cost for this product (FAO, 2008). 

Hence, there is essential to investigate suitable 

alternatives for future (Hardy and Tacon, 

2002). Replacement of fish meal by less 

expensive protein sources of either animal or 

plant origin in the fish feed are necessary 

(Fontainhas-Fernandes et al., 1999). It was 

reported that a large amount of protein with 

the excellent amino acid profile is found in 
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A 60 days feeding trial was performed to assess the potential use of shrimp head meal 

(SHM) as complete replacement of fish meal (FM) in commercial diets of Nile tilapia 

(Oreochromis niloticus) fry.Quadruple groups were fed each of five isonitrogenous (40%) 

diets were formulated to contain graded levels of SHM at 0% (control diet, T1), 25% (T2), 

50% (T3), 75% (T4) and 100% (T5), respectively. Total 200 numbers of tilapia fry (mean 

initial weight ± SE, 1.56±0.1g) were stocked into 40 L aquarium tanks (10 fish in each 

tank) and fed experimental diets ad libitum during feeding trial. After 60 days, diet T3 

showed significantly (p<0.05) higher weight gain (354.84±3.32), protein efficiency ratio 

(1.64±0.02) and higher feed efficiency (65.67±0.81) as compared to control and other 

treatment diets. Thus, it can be concluded from the study that SHM is a potential protein 

source and can be used to substitute fish meal up to 50% in the diets of tilapia (O. 

niloticus) fry and the optimal level of fish meal replacement with SHM was determined by 

quadratic regression analysis to be in between 43.83 and 50.29% on the basis of higher 

weight gain and maximum protein efficiency ratio. 
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shrimp head meal. Therefore, shrimp head 

meal can satisfactorily replace fish meal in 

aqua-feeds as it will scarce and expensive in 

near future. However, the level of chitin and 

ash contents are high in shrimp head meal 

which limits nutrient availability, utilization 

and digestibility in fish (Meyers, 1986) mainly 

in tilapia (Oreochromis niloticus) due to its 

high acceptability and digestibility of offered 

feed. Research has successfully assessed many 

inexpensive sources for different species of 

tilapia, with varying results.  

 

Hence, it is applicable to highlight the se 

protein sources for tilapia, with prominence on 

the sources that have an economic approach 

and are locally available, particularly in 

developing countries (El-Sayed, 1999) and 

shrimp head meal has potential to become one 

of the best alternative feed for tilapia. The 

present study was conducted to assess the 

effects of shrimp head meal on growth 

performance, feed utilization and survival in 

tilapia (O. niloticus) fry. 

 

Materials and Methods 

 

Site of the experiment and experimental 

fish 

 

The experiment was performed at the Wet 

Laboratory of Department of Aquaculture, 

College of Fisheries Science, JAU, Veraval, 

Gujarat, India over a period of 60 days. 

Juvenile Oreochromis niloticus of total length 

4.15 ± 0.03 cm (mean ± SE) and weight 1.56 ± 

0.10 g were selected in the experiment. The 

fish, procured from the Fish Hatchery, 

Kachchh Vikas Trust, Bhuj, District-Kachchh, 

Gujarat were brought to the Wet Laboratory at 

the College of Fisheries Science, JAU, 

Veraval, Gujarat held in plastic pools (500 L) 

with continuous aeration for 15 days and the n 

stocked into the plastic aquarium tanks one 

week before beginning of the experiment. The 

experimental set-up comprised of 20 plastic 

tanks (40 L capacity), with four tanks of fish 

for each of five treatments. The experimental 

tanks were cleaned manually and siphoned 

every day to remove fecal matter. Length and 

weight of individual fish were measured at 0, 

15, 30, 45, and 60 days of the experiment. 

25fish at the beginning and 3 fish per tank (12 

fish per treatment) were sampled at the end of 

the experiment to analyzed carcass 

composition. 3fish per tank were also selected 

at the end of the trial to evaluate condition 

factor. 

 

Experimental diets 

 

Proximate composition of ingredients used for 

the preparation of treatment diets is shown in 

(Table 1). Ingredients such as shrimp head 

meal, fish meal, tapioca, sunflower oil, 

vitamin and mineral mixture (Valaenza 

Pharmaceuticals Private Limited) and cod 

liver oil (Sanofi India Limited, Sanofi 

Consumer Healthcare Division) were used for 

feed formulation (Table 2). Five 

isonitrogenous treatment diets with 40% 

protein level were prepared viz. T1 = control 

(100% fish meal as primary protein source; 

zero% shrimp head meal), T2 = (75% of fish 

meal and 25% shrimp head meal), T3 = (50% 

of fish meal and 50% shrimp head meal), T4 = 

(25% of fish meal and 75% shrimp head meal) 

and T5 = (0% of fish meal and 100% shrimp 

head meal). 

 

Diet preparation and feeding 

 

Shrimp head was collected from Star Fish 

Meal Plant, Veraval, Gujarat, India. It was 

sun-dried for 3 days before it was ground. All 

the ingredients were mixed together, made a 

dough and cooked in an autoclave for 10 

minutes. The n it was pelleted into 1 mm size 

pellets, and dried in a mechanical drier. The 

dry feed was stored in airtight plastic bottles. 

The feed was provided at the rate of 10% of 

body weight initially, and after 10 days fishes 
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were fed ad libitum three times daily (09.00, 

13.00 and 18.00 hours) till the end of the 

experiment. 

 

Chemical analysis 

 

Proximate composition was determined for 

feed ingredients, treatment diets, and whole 

fish by the standard methods (AOAC, 1995). 

The nitrogen content by Gerhardt semi-

automated method, fat by Soxhlet apparatus, 

moisture by hot air oven (100-105°C), ash by 

muffle furnace (600°C). Nitrogen free extract 

was calculated by subtracting the protein, 

lipid, moisture, and ash from the total weight 

of the food (Table 2). 

 

Calculations 

 

The following calculations were made: 

 

Length gain (%) = (Final length – Initial 

length / Initial length) x 100  

 

Weight gain (%) = [(Final weight – Initial 

weight)/Initial weight] x 100 

 

Feeding Rate, FR (% Body weight/day) = 

[Dry feed intake/{60 days (FBW + IBW)/2}]x 

100 

 

Feed efficiency rate, (FER) = Wet weight gain 

(g)/ total amount of the feed consumed (g) 

 

Protein efficiency ratio, (PER) = Increment in 

body weight (g)/Protein intake (g) 

 

Protein Productive Value [PPV (%)] = [Body 

wet protein gain (g)/Protein intake (g)] x 100 

 

Protein growth rate [PGR (%day
-1

] = [(Loge 

final protein content – Loge initial protein 

content)/days of feeding] x 100 

 

Condition factor (CF) = Weight of fish 

(g)/[Length of fish (cm)]
3
 x 100 

Survival (%) = (No. of fish survived after 

rearing/No. of fish stocked) x 100 

 

Statistical analysis 

 

One way Analysis of Variance (ANOVA) and 

least significantly difference (LSD) (Snedecor 

and Cochran, 1968) was applied to test the 

level of significance amongst the treatments. 

 

Results and Discussion 

 

Table 3 shows the effects of different protein 

sources on fish performance. The growth 

curve is plotted to determine the average 

growth rate of tilapia fry during the 

experimental period (Fig. 1 and Fig. 2). 

Weight gain (354.84±3.32) of fish fed with 

diet T3 (50%) was found to be significantly 

(p<0.05) higher as compared to control and 

other treatment diets. Similarly, PER 

(1.64±0.02), PPV (%) (76.20±0.94) and PGR 

(% day
-1

) (0.98±0.00) were found significantly 

(p<0.05) higher in the fish fed with diet T3. 

The lowest value of weight gain 

(202.33±4.46), PER (1.03±0.02), PPV (%) 

(42.46±1.00) and PGR (% day
-1

) (0.81±0.01) 

were obtained in fish fed with diet T5 (0% fish 

meal: 100% of shrimp head meal). FER 

(41.33±0.99) was significantly (p<0.05) lower 

in the fish fed with diet T1 and higher 

(65.67±0.81) in diet T3. The rate of fish 

survival ranged 100% (p>0.05) in all the 

treatment groups. Significantly (p<0.05) 

higher feeding intake was observed in diet T3 

(Fig. 3). When the quadratic regression 

analysis was used for estimating the optimum 

dietary SHM level for maximal weight gain 

and PER for tilapia fry, the regression 

equations used were y = −0.0632x
2
 + 6.3565x 

+ 205.51 (R² = 0.9894) (Fig. 4) and y = 

−0.0003x
2
 + 0.0263x + 1.0449(R² = 0.978) 

(Fig. 5). All diets were well accepted by Nile 

tilapia during the 60 days feeding trial. This 

was revealed by the food intake (FI) values in 

the present study. The FI decreased with the 
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increasing of dietary SHM in treatment 4 and 

5 and significant (p<0.05) differences in FI 

were found between the treatments (Figure 3).  

 

This was in agreement with previous studies 

on red porgy (Garcia et al., 2010; Kalinowski 

et al., 2007). However, Yi et al., (2014) found 

that the supplementation of SHM in the diets 

of large yellow croaker (Larimichthys 

croceus) reflected with a higher feed intake in 

fish fed with control diet in contrast to those 

fed with SHM diets. 

 

Table.1 Proximate composition of ingredients used for preparation of treatment diets 

 

Ingredients Moisture Dry 

matter 

Ash Protein Ether 

extract 

Nitrogen free 

extract 

Fish meal
1 8.42 91.58 23.93 44.01 8.41 15.23 

Shrimp head meal
 6.52 93.48 27.84 43.12 6.45 16.07 

Wheat flour
2 5.74 94.26 1.92 11.46 2.68 78.20 

Wheat bran
2 6.62 93.38 3.88 14.83 2.95 71.72 

Rice flour
2 5.45 94.55 1.76 11.75 0.97 80.07 

1
Star fish meal plant, Veraval, Gujarat, India 

2
Local market, Veraval, Gujarat, India 

 

Table.2 The formulation of control and treatment diets 

 

Ingredients Diets 

T1 (Control) T2 T3 T4 T5 

Shrimp head meal (43.12 CP) 0 23 46 69 92 

Fish meal (44.01 CP) 92 69 46 23 0 

Wheat bran (14.83 CP) 1 1 1 1 1 

Rice Flour (11.75 CP) 1 1 1 1 1 

Wheat Flour (11.46 CP) 1 1 1 1 1 

Tapioca
 1 1 1 1 1 

Sun flower oil
1 1 1 1 1 1 

Fish Oil
2 2 2 2 2 2 

Vitamin Mixture
3 1 1 1 1 1 

Total 100 100 100 100 100 

Proximate analysis (determined on dry matter basis) 

Crude protein (CP) (%) 40.48 40.25 40.02 39.79 39.56 

Ether extract (%) 10.07 9.84 9.78 9.53 9.28 

Ash (%) 21.94 22.62 22.94 23.28 23.37 

Moisture (%) 7.57 7.75 7.97 8.44 9.52 

Nitrogen free extract (%) 19.94 19.54 19.29 18.96 18.27 
1
Gemini sunflower oil 

2
Seven sea cods  

3
Vitamin and mineral mixture/Kg premix: Vitamin A-7,00,000IU, VitaminD3-70,000IU, Vitamin E-250 mg, 

Nicotinamide-1000 mg, Cobalt-150mg, Copper-1200mg, Iodine-25g, Iron-1500 mg, Magnesium-6000 mg, 

Manganese-1500 mg, Potassium-100mg, Sodium- 5.9mg, Sulphur-0.72%, Zinc-9600 mg, Calcium-25.5%, 

Phosphorus-12.75%. 
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Table.3 Growth, food conversion ratio, protein efficiency ratio and survival of O. niloticus fed 

the test diets for 60 days 

 

Parameters  Treatment  

T1 (Control) T2 T3 T4 T5 

Length gain 

(%) 

55.12±4.78
c 

74.75±1.33
b 

82.97±1.49
a 

72.49±0.63
b 

55.29±0.59
c 

Weight gain 

(%) 

202.33±4.46
c 

334.75±2.31
b
 354.84±3.32

a 
330.74±1.37

b 
208.68±1.25

c 

FR (% bw day
-

1
) 

4.06±0.05
a 

3.28±0.02
b 

3.25±0.03
b 

3.27±0.01
b 

4.07±0.02
a 

FE (%) 41.33±0.99
c 

63.60±0.53
b 

65.67±0.81
a 

63.47±0.35
b 

41.80±0.37
c 

PER 1.03±0.02
c 

1.59±0.01
b 

1.64±0.02
a 

1.58±0.01
b 

1.05±0.01
c 

PPV (%) 42.46±1.00
e 

69.43±0.57
b 

76.20±0.94
a 

60.74±0.33
c 

50.16±0.45
d 

PGR (% day
-1

) 0.81±0.01
c 

0.97±0.00
b 

0.98±0.00
a 

0.96±0.00
b 

0.82±0.00
c 

CF 12.3±1.02
a 

11.79±0.01
ad 

10.81±0.29
bcd 

12.2±0.07
ab 

12.12±0.03
ac 

Survival (%) 100±0.00 100±0.00 100±0.00 100±0.00 100±0.00 
*
Mean±SE within a row followed by with different superscripts are significantly different (p<0.05) from each other. 

FR- Feeding Rate (% Body weight day-1), FE- Feed Efficiency, PER- Protein Efficiency Ratio, PPV- Protein 

Productive Value (%), PGR- Protein growth rate (% day
-1

), CF- Condition Factor 

 

Table.4 Proximate analysis of fish carcass (Dry weight basis) 

 

Parameters T1 (Control) T2 T3 T4 T5 

Crude protein 40.82±0.71 40.73±1.02 40.60±0.53 40.47±1.57 40.35±0.61 

Ethe r extract 14.93±0.72 14.87±0.54 14.73±0.26 14.67±0.76 14.58±0.74 

Ash 21.95±1.02 22.17±1.54 22.26±0.63 22.45±0.62 22.56±1.24 

Moisture 20.57±0.94 20.61±0.73 20.74±0.97 20.85±0.34 20.93±0.04 

Nitrogen free 

extract 

1.73±0.03 1.62±0.04 1.67±0.03 1.56±0.03 1.58±0.04 

*
Mean±SE within a row followed by with different superscripts are significantly (p<0.05) different from each other 
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Fig.1 Average growth (g/fish) O. niloticus fed 

different experimental diets for 60 days 

 
Fig.2 Average growth (individual/kg) of O. 

niloticus fed different experimental diets  

for 60 days 
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Fig.3 Average food intake of O. niloticus fed 

different experimental diets for 60 days 

 
Fig.4 The relationship between weight gain and 

dietary SHM protein replacement level in tilapia 

fry for 60 days 

 
Fig.5 The relationship between protein efficiency ratio and dietary SHM protein replacement level in 

tilapia fry for 60 days 

 

In the present study, significantly higher 

weight gain was found in T2 diet containing 

75% fish meal and 25% SHM. This was in 

disagreement with reports on tilapia (O. 

niloticus) (Nwanna and Daramola, 2000) and 

stripped catfish (Pangasianodon 

hypophthalmus) (Da et al., 2012). In the 

present study, the poor growth and feed 

utilization of diet T4 and T5 may be due to 

the low digestibility and utilization of SHM, 

because significant lower PER and FER were 

observed in the dietT5 compared to T3 group 

(Table 3). Likewise, high supplementation of 

SHM and the low inclusion of fish meal may 

diminish the feed palatability. Usually, the 

reduction in diet palatability results in a fall in 

feed intake, which could in turn cause 

decrease growth (Aragao et al., 2003; Kissil 

et al., 2000). In the present study, 

significantly the higher FER was obtained in 

T3 diet containing 50% fish meal and50% 

SHM. However, Fall et al., (2012) reported 

that the supplementation of 0% shrimp shell 

meal (control) in the diet showed significant 

higher FER in hybrid tilapia (Oreochromis 

niloticusx Oreochromis aureus). The present 

study demonstrated that 25% of SHM 

included in diets for Nile tilapia indicated 

significantly (p<0.05) higher PER compared 

to other diets. This was in disagreement with 

the study of Rachmansyah and Ahmad (2004) 

in which the y found higher PER without 

significant (p>0.05) difference in juvenile 

Humpback Grouper (Cromileptes altivelis) 

when fed with 10% SHM. Secondary curve 

equation according to the regression analysis 

of PER and weight gain against dietary fish 

meal protein replacement levels with SHM 
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recommended that the optimum replacement 

level of dietary SHM for maximum weight 

gain and PER was in between 43.83 to 

50.29%. 

 

Chemical analysis (moisture, protein, lipid 

and ash content) at the end of a feeding trial is 

often used to determine the effect of feed on 

fish composition (Table 4). Garcia-Romero et 

al., (2014a) found significantly (p<0.05) 

higher crude ether extract in red porgy fed 

with 20% marine crab (Chaceon affinis) meal 

diet compared to the 10% marine crab meal 

diet. Alternatively, Garcia-Romero et al., 

(2014b) could not find significant in the ether 

extract of red porgy supplemented with 20% 

marine spider crab meal.  

 

The differences in these results could be due 

to the differences in the crustacean species 

used in the diet and/or the supplementation 

level. A greater proportion of chitin, chitosan, 

and ash in the diets may diminish the total 

digestible nutrients intake, which could be the 

clarification as to the whole-body ether 

extract reduction that seems in fish fed with a 

higher supplementation of SHM. Chitin and 

chitosan can inhibit the absorption of dietary 

lipids and lipid soluble vitamins by forming 

gels in the intestinal tract (Koide, 1998; Liao 

et al., 2007). 

 

The present study has revealed that shrimp 

head meal is a potential protein source and 

can be used to substitute fish meal up to 50% 

in the diets of tilapia (O. niloticus). As the 

shrimp head meal is locally and easily 

available at much cheaper prices than fish 

meal, there is a good scope for preparing 

tilapia feed using shrimp head meal as a 

source for partial replacement of fish meal 

protein. Second-degree polynomial regression 

analysis on PER and weight gain indicated the 

appropriate supplement of SHM in the diet of 

Nile tilapia fry should be between 43.83 and 

50.29% of diet. 
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