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GROWTH OF CULTURED TILAPIA (OREOCHROMIS NILOTICUS) ON 
DIETS FORMULATED FROM EARTHWORM AND OTHER LOCALLY 
AVAILABLE INGREDIENTS.
Gebo Suzi1 2, Gariba Danbaro1,2and William Nano1

ABSTRACT

A growth trial was carried out to study the effect of experimental diets containing earthworm meal and 
fish meal as protein sources on the body weight and length of Tilapia (Oreochromis niloticus) fingerlings. 
The protein concentrate portions of the five diets contained 0% 25%, 50%, 75% and 100% earthworm 
meal and the remaining part was made from fishmeal. The basal portion of the diets was made from 
copra meal, cassava, millrun and sago. All diets were formulated to contain 35% crude protein but me­
tabolisable energy estimates ranged from 12.7 to 13.8mJ/kg. Feeding period was seven weeks and live 
body weight and length were measured weekly. The results showed highly significant effects of diets on 
body weight and length of Tilapia. The highest and lowest body weight and body length were obtained 
for the diet made from concentrate of 100% fishmeal and 75% earthworm meal respectively. Body 
weight and length of Tilapia fed on diets containing 25% earthworm meal concentrate were similar to 
those of Tilapia on 100% fishmeal concentrate diet Generally growth performance of Tilapia decreased 
as the proportion of earthworm meal in the diets increased. The results suggest that, there is potential 
for using earthworms to replace up to 25% of fishmeal in the protein concentrate of farm made Tilapia 
diets.
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INTRODUCTION

In Papua New Guinea, the history of freshwater 
fish farming dates back to the 1960s with the in­
troduction of the trout and carp species (Smith 
2007). Currently more and more farmers are ven­
turing into small scale Tilapia (Oreochromis niloti­
cus) culture in ponds. Tilapia is a hardy and pro­
lific species that is a suitable for pond culture be­
cause they are fast growing and tolerant to poor 
water conditions. They also eat a wide variety of 
feedstuffs and can produce very good quaiity 
flesh (Fitzsimmons 2001). However Tilapia farm­
ers, as is the case with the whole fish farming in­
dustry of Papua New Guinea, are faced with the 
problem of not being able to meet the optimum 
nutrient requirements of fish and aiso the high 
costs of farm-made fish diets (Maclean 1978). 
One way of minimizing these problems is by using 
locally available ingredients to reduce costs and 
using scientific procedures to properly formulate 
diets to meet the nutrient requirements of fish. 
This study was undertaken to evaluate earthworm 
meal as a potential source of protein to replace 
the high cost fish meal in Tilapia diets. The spe­
cific objectives of the study were to formulate di­
ets which meet the nutrient requirements of Tila­
pia using earthworm and fishmeal as a source of

protein and copra meal and cassava as a source 
of energy and to assess the growth performance 
in terms of average body weight and length of 
Tilapia fed on the formulated diets.

MATERIALS AND METHODS

The feeding trial was conducted under an open 
shed at the Papua New Guinea University of 
Technology Agriculture Farm. Five experimental 
diets called 0EW, 100EW, 75EW, 50EW and 
25EW relative to the proportion of earthworm 
meal in the protein concentrate, were formulated 
using the feed formulation software of Thomson 
(2006). The ingredients used as well as the over­
all crude protein and metabolisabie energy con­
tents of the diets are shown in Table T. Each diet 
was made by mixing a protein concentrate with a 
basal portion. The protein concentrate was made 
from various proportions of earthworm meai and 
fishmeal (from tuna) while the basal portion was 
made from calculated proportions of copra meal, 
cassava, miilrun and sago. Millrun and sago were 
used solely to enhance the floating and binding 
qualities of the diets respectively. Wheat mill run 
consists of wheat bran, wheat shorts, wheat 
germ, wheat flour and the offal from the tail of the
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mill. Ground run of the mill screenings are nor­
mally added to mill run.

All diets contained a fixed level of 35% crude pro­
tein but metabolisable energy estimates ranged 
from 12.78mJ/kg to about 13.83mJ/kg. Earth­
worms were dug from the ground at a local farm. 
They were killed in water at 60°C, oven dried at 
50 - 60°C for three to four days and then milled to 
a meal form. All other ingredients were milled us­
ing a hammer mill before combination. After mix­
ing the basal and concentrate portions warm wa­
ter was added at 60 - 80% and the dough result­
ing from further mixing was passed through a 
3mm dye mincer to form pellets. The pellets were 
dried in an oven at 80°C for 12hrs before feeding. 
Each diet was replicated three times and each 
replicate contained five tilapia fingerlings of the 
GIFT variety (Dey and Gupta 2000) in a 0.17 m3 
water tank containing rain water. The mixed sex 
Tilapia fingerlings weighing between 5g and 7g

were bought from the Highlands Aquaculture De­
velopment Centre (HAQDEC) at Aiyura. They 
were initially acclimatized for a period of one 
week on a diet of 38% crude protein then distrib­
uted randomly to the tanks.

A complete randomized experimental design was 
used whereby the 15 treatments and replicates 
were randomly distributed to tanks located in a 
grid pattern under the shed. A compressor was 
used for aerating the tanks via small air hoses. 
The water in the experimental tanks was changed 
weekly.

The fish were fed twice a day at a rate of 10% of 
their body weight adjusted on a weekly basis. 
Measurements made were weekly average live 
body weight and body length for seven weeks. 
Analysis of variance (ANOVA) was carried out on 
the two measured variables to study the effect of 
diets on body weight and body length of the fish.

Table 1. Composition of experimental diets for Tilapia.

Diet Composition of concentrate portion 
of diet

Crude protein 
(%)

Metabolisable energy 
(mJ/kg)

0EW 100% fish meal 35 12.78
100EW 100% earthworm meal 35 13.83
75EW 75% earthworm meal + 25% fish meal 35 13.59
50EW 50% earthworm meal + 50% fish meal 35 13.33
25 EW 25% earthworm meal + 75% fi«;h meal 35 13 06

Figure 1 Average body weights (g) of experimental Tilapia
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Figure 2 Average body lengths (mm) of experimental Tilapia

Duration (Weeks)

RESULTS

Trends in average body weight and body length 
of Tilapia fed the different treatment diets are 
shown in Figures 1 and 2 respectively. Fish on 
OEW (crude protein mainly from fishmeal) had 
higher weekly average body weights and body 
length compared to all the other diets throughout 
the feeding period while fish on 75EW and 
100EW diet had the lowest weekly average body 
weight and body length. It. appears that as the 
proportion of earthworm meal increased 
(corresponding to a decrease in the proportion of 
fish meal) in the diet, tilapia tended to perform 
poorer in body weight and body length.

Results of analysis of variance of body weight 
and body length are shown in Tables 2 and 3 
respectively. These results show that diet had 
statistically significant effect on both body weight 
and body length.

The results of mean separation using the least 
significant difference at P<0.05 are shown in Ta­
ble 4.

The overall mean body weight and length were 
8.47g and 75.13mm respectively. Tiiapia on OEW 
(only fishmeal in the diet) had the highest, mean 
body weight and body length (10.37g and 
80.83mm respectively) while Tilapia on 75EW

Tabte 2. Analysis of variance of mean body weights (g) of Tiiapia on experimental diets.

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

P-
value

T reatment 4 17.57 0,39 5.45 0.014
Residual 10 8.06 0.81
Total 14 25.63

Table 3. Analysis of variance of mean body length (mm) of Tiiapia on experimental diets.

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

P-
value

Treatment 4 r157.61 39 40 r4.63 0.022
Residual 10 85.03 8.50
Total 14 242.63
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Table 4. Estimated mean body weights and body lengths of 
Tilapia on experimental diets

Treatments diets Mean Body Weight (g) Mean body length (mm)
OEW 10.37a 80.83a
25EW 8.73ab 75.53aB

I 50EW 75.3b
100EW 7.57° 72.S36
75EW 7.30b 71.67b

Legend: Within each column, values with different superscript are signifi­
cantly different from each other (P<0.05) but those with the same super­
script are not significantly different from each other.

had the lowest mean body weight and body 
length (7.3g and 71.67mm respectively).

Results of the mean separation show that, Tilapia 
fed on 25EW had statistically similar mean body 
weight and mean body length as Tilapia fed on 
OEW. However Tilapia fed on the remaining diets 
had significantly lower mean body weight and 
length than fish on the OEW diet. Tilapia on 
25EW diet had similar body weights and lengths 
as those on the diets containing earthworm meal 
{i.e. 50EW, 75EW and 100EW). Generally it ap­
pears that as the percentage of earthworm meal 
in the diet increased, performance of the fish be­
came poorer in terms of both body weight and 
body length.

DISCUSSION

The findings from this study clearly show that 
growth of Tilapia, in terms of body weights and 
lengths, was influenced by the protein sources 
used in their diets. Tilapia on diets containing 
25% earthworm meal and only fishmeal (OEW) 
concentrate had similar growth performance. This 
suggests that although fish meal could be the 
best protein source for fish diets, earthworm meal 
could potentially be- used to replace fish meai if 
added up to 25% or less in the concentrate. How­
ever if the amount of earthworm meal concen­
trate in the diet is increased above the 25% level 
then growth performance of the fish are likely to 
be adversely affected in comparison with a diet 
formulated solely from fishmeai.

The similarity in performance of Tilapia for body 
weight and body length are not surprising be­
cause both variables are measures of growth.

The generally better performance of Tilapia fed 
fishmeal diets may be explained in terms of the 
quantity and quality of protein in the diet. The 
quality of dietary protein depends on the amino 
acid profile. The amino acid profile of fish meal 
most closely meets the amino acid requirements

of fish compared to that of earthworm (Miles and 
Chapman 2006). Thus from a nutritional stand 
point, fishmeal is often the preferred source of 
protein in diets for fish and shrimps. The addition 
of fish meal to fish diets can be expected to in­
creases feed efficiency and growth through better 
digestion, nutrient uptake and utilization com­
pared to earthworm meal.

One significant finding from this study is that 25% 
or less of fishmeal concentrate can be replaced 
by earthworm meal concentrate in the diets for 
Tilapia. The main advantage of using earthworms 
to replace fishmeal in diets for Tilapia raised by 
small scale farmers would be its relatively low 
cost and availability in even remote communities 
in the country compared to fishmeal. Farmers 
could harvest naturally existing earthworms or 
culture them from domestic and farm garbage 
and residues for this purpose. It can therefore be 
proposed that the process of developing earth­
worm meal for feeding cultured Tilapia be investi­
gated to better understand and apply the tech­
niques of using earthworms in Tilapia diets.

Some factors which need further investigation 
include the method of processing earthworms 
into meal, digestibility and inclusion rates of 
earthworm -meals. Furthermore the free choree 
feeding system using whole earthworms could 
also be investigated because it is known that fish 
readily consume whole earthworms and this 
feeding system, if successful, will remove the 
need to process earthworms into meal.

ACKNOWLEDGEMENT

The authors wish to express their sincere grati­
tude to the Australian Government which, 
through the AUSAID funds, provided a scholar­
ship to the first author to carry out this study at 
the University of Technology in Lae, Papua New 
Guinea, as part of her Postgraduate Diploma pro­
gram.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2009, Vol. 52 Nos. 1 &2 pp 19-23



Suzi. Danbaro and Nano 23

REFERENCES

DEY, M. M. AND GUPTA, M. V. (2000). Tilapia 
production in South Asia and the Far East. Pp 
17-27. In: Tilapia: production, marketing and 
technological development. Subasinghe, S. 
and Singh, T., (Eds). INFOFISH. Kuala Lum­
pur, Malaysia.

FITZSIMMONS, K. (2001). Introduction to Tilapia 
Nutrition. University of Arizona.
http://ag. arizona. edu/azagua/ista/reports/
nutrition.doc. April 20, 2008.

MILES, R. D AND CHAPMAN, F. A. (2006). The 
Benefits of Fish Meal in Aquaculture Diets. 
Institute of Food and Agricultural Sciences, 
University of Florida. Publication No. 2.

MACLEAN, J. L (1978). The Clam Gardens of 
Manus. Harvest 4(3): 160-163.

SMITH, P. T. (2007). Aquaculture In Papua New 
Guinea: Status of freshwater fish farming. Aus­
tralian Centre for International Agricultural Re­
search. Canberra.

THOMSON, E. (2006). UNEForm.xls. Feed for­
mulation spreadsheet. University of New Eng­
land. http://ansc. une. edu. au/ansc/nutrition/ 
downloads.html March 10, 2006

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2009, Vol. 52 Nos. 1 &2 pp 19-23

http://ag._arizona._edu/azagua/ista/reports/
http://ansc._une._edu._au/ansc/nutrition/

