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ABSTRACT
The production of Nile Tilapia (Oreochromis niloticus) is quite significant but the
unstable quality of feed and the uncertain supply increase the demand of fish flour.
The aim of this study is to find out the substitution of fish flour to earthworm
(Lumbricusrubellus) flour on specific growth rate, feed conversion ratio and feed
efficiency of Nile Tilapia. The study was experimental study using a completely
randomized design (CRD) with five treatments and four replications. The
concentration of worm flour was P0 (0%), P1 (30%), P2 (35%), P3 (40%), and P4
(45%). The parameters observed were specific growth rate, feed conversion ratio and
feed efficiency. Data analysis used ANOVA. The results show that the addition of
worm flour in feed formulations of Nile Tilapia for 45 days could increase specific
growth rate, feed efficiency and could reduce feed conversion ratio. The fastest
growth rate is in P4 treatment (mean = 2.31%) which was added of 45% worm flour.
The lowest feed conversion ratio is in P4 treatment (1.26). The best feed efficiency is
P4 treatment (79.06%). The substitution of fish flour into earthworm flour at a dose of
45% in fish rations can be used to increase the specific growth rate and feed
efficiency and can reduce the feed conversion ratio.
Keywords: Earthworm (Lumbricusrubellus), Nile tilapia (Oreochromis niloticus),
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1. INTRODUCTION
Nile Tilapia (Oreochromis niloticus) is one of the potential freshwater fish species in
aquaculture because it is classified as a fish that has a high tolerance to the environment
(Mireku et al. 2018; Soegianto et al. 2017; Zainuddin et al. 2017) so it can be nurtured in
brackish watery lowlands or plateau with low temperature. Production of Nile Tilapia is
significant (Soto et al. 2011) specifically in Indonesia, as the largest fish producer in
Southeast Asia(Matsuoka, Shizuka & Koike 2018) from 2010 - 2014 has increased by an
average of 19.03%, with a mean of annual increase in production of 11.47%. In 2012
production of Nile Tilapia reached 695,000 tons, while in 2014 it reached 1,440,000 tons
(Aquaculture 2014).
Feed is one of the most important elements in aquaculture activities which is aim to
support the growth and survival of aquaculture fish, especially Nile Tilapia. This has an
impact on the high interest in fulfilling fish feed needs. In Indonesia, fish feed needs for 5
years (2010-2014) are calculated as 6 million tons (Aquaculture 2014). Fish cultivation is
strongly influenced by the availability of sufficient food in quantity and quality to support
maximum quality. Feed factor determines production costs so it needs effective and efficient
processing. The formulation of a fish feed must meet the nutritional needs of fish cultivated
in terms of protein requirements (essential ammonia acid), fats (essential fatty acids), energy,
vitamins and minerals (Watanabe, Ellis & Chaves 2001). So, feed formulation that can meet
the nutrition needs for fish is needed., The problems in increasing food security for animal
products are the provision of fish cultivation which are expensive and difficult to obtain. So
far, the source of animal protein in the preparation of fish rations still comes from fish flour,
mostly still imported from abroad. Feed in a cultivation process costs a considerable amount
of total production costs (Anderson et al. 1997). The increasing demand of fish flour,
unstable supply (Cook et al. 2000), erratic quality and quite expensive prices - compared to
other protein sources causes in the need to find alternative protein sources as a substitute for
fish flour.
One of alternative protein source substitutes for fish flour is earthworm flour. Earthworm
(Lumbricusrubellus) can be used for alternative feed for fish flour (Jatmiko et al. 2018)
because it is a protein source (Janković et al. 2015) with fairly complete source of amino
acid. Earthworms are animals that have a potential to become feed source with high protein.
Nutritional content of earthworms is BK 100%, crude protein 60-65%, fat 11%, ash 6%, fiber
0.19%, water 85.46% (Fadaee 2012).
The study therefore aims to determine the effect of substitution of fish flour with
earthworm (Lumbricus rubellus) flour on the growth and survival of Nile Tilapia
(Oreochromis niloticus).

2. MATERIALS AND EXPERIMENTAL PROCEDURES
2.1. Preparation of Oreochromis Niloticus and Rearing Conditions

The study was conducted in January 2018 until February 2018 and located in Faculty of
Fisheries and Marine, Airlangga University, Surabaya,Indonesia. Proximate analysis of feed
ingredients was carried out at the Feed Laboratory of Faculty of Veterinary Medicine,
Airlangga University, Surabaya,Indonesia. The tools used in the study were 20 pieces of 50 x
30 x 20 cm3 aquarium, blowers, aeration, aeration hoses, aeration, trays, mills, pellets, baking
sheets, digital scales, seser, plastic, spoons, sipon tools , filter, ruler, oven. 5-7 cm of Nile
Tilapia (Oreochromis niloticus) obtained from the Gunungsari fish market in Surabaya. There
are 5 treatments and 4 replications, one aquarium was filled with 10 fish, so it takes 200 fish.
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The materials of this study were earthworm flour, fish flour, fish oil, soybean meal flour, bran
flour, corn flour, cmc and vitamin mix.

2.2. Experimental Diets

This study is experimental study using a completely randomized design (CRD). The
independent variables in this study are doses of earthworm flour in feed that is 0%, 30%,
35%, 40%, 45%. The controlled variables in this study are 5-7cm fish size, temperature, pH,
ammonia, and feed. The dependent variables in this study are specific growth rates, feed
efficiency and feed conversion ratio. This study used 5 treatments, each treatment received 4
replications so there were 20 experimental units.. The treatments in this study are:
P0 : 100% fish flour + 0% worm flour
P1 : 70% fish flour + 30% worm flour
P2 : 65% fish flour + 35% worm flour
P3 : 60% fish flour + 40% worm flour
P4 : 55% fish flour + 45% worm flour
The protein content of feed is formed based on isoprotein. The content of feed protein
made is 30%. Forming of treatment ration P0 to get 30% crude protein then requires 40% fish
flour and 0% worm flour.
Earthworms (Lumbricusrubellus) are washed, steamed, and then drained. After that, put it
in the oven. Feed ingredients (soybean meal flour, bran flour, fish oil, earthworm flour, corn
flour, cmc, vitamin mix) were ground and sifted and then mixed into one. Materials in the
form of flour were mixed from the smallest to the largest amount and so on. The half-finished
pellets were dried at 30oC for 24 hours using an oven. Dry feed was carried out by proximate
analysis.

2.3. Analytical Procedure of the Diets

Nile Tilapia was maintained in a 50 x 30 x 20 cm3 aquarium. One aquarium was filled with
10 fish, fish were kept for 30 days. Feeding had done three times a day, in the morning,
afternoon and evening. Pond cleaning was carried out in the morning during maintenance.
Specific growth rate of Nile Tilapia (Muchlisin ZA, A D, R F, Muhamaddar 2003):
 

  


,

SGR= specific growth rate,
Wt= initial mean weight of fish
W0 = final mean weight of fish
t = duration of experiment
Feed Efficiency (Tacon 1987):
 

  



FE = Feed Efficiency (%)
Wt = final biomass (gram)
W0 = initial biomass (gram)
F = feed (gram).
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Feed Conversion Ratio:
 


    

FCR= Feed Conversion Ration
F = feed fed (gram)
Wt. = final biomass (gram)
D = dead fish weight (gram)
W0 = initial biomass (gram).

2.4. Statistical Analysis
Data of Specific Growth Rate, Feed Conversion Ratio, and Feed Efficiency of Nile Tilapia
were analyzed by Analysis of Variance (ANOVA). If the results of the statistical analysis
show that the effect is significantly different or very different, it is followed by Duncan's
Multiple Distance Test.

3. RESULT AND DISCUSSIONS

The results of specific growth rate, feed conversion ratio and feed efficiency of nile tilapia for
45 days can be seen in table and graph 1.
Table 1 The Mean of Specific Growth Rate, Feed Conversion Ratio, and Feed Efficiency of Nile
Tilapia.
Treatments

Specific Growth Ratio (%) ±
SD

P0
P1
P2
P3
P4

2,1093a ± 0,11141
2,1030 a ± 0,08163
2,1860a ± 0,01117
2,2145 ab ± 0,02367
2,3133b ± 0,09040

Feed Conversion Ratio ±
SD

Feed Efficiency (%) ± SD

1,50a ± 0,04435
1,45b ± 0,02630
1,38c ± 0,01414
1,33d ± 0,01708
1,26e ± 0,02380

66,48 a ± 1,197527
68,62 b ± 1,25704
72,46 c ± 0,74011
74,76d ± 0,95105
79,06 e ± 1,49062

* P0 (0% worm flour), P1 (30% worm flour), P2 (35% worm flour), P3 (40% worm
flour), P4 (45% worm flour). Different superscripts show significant differences (p<0, 05).
90
80
70
60
50
40
30
20
10
0
P0

P1

Speci c Growth Rate

P2

P3

Feed Conversion Ra o

P4
Feed E ciency

Figure 1. The Mean of Specific Growth Rate, Feed Conversion Ratio, and Feed Efficiency of Nile Tilapia
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Data shows the speci ic growth of tilapia for 45 days in P0, P1, P3 treatments
signi icantly different with P4 treatment.
Result of ANOVA test shows that the substitution of fish flour with worm flour showed a
difference (p <0.01) on the feed conversion ratio of Nile Tilapia, so it was continued to
Duncan’s Multiple Range test. Table 1 show that all treatment was significant difference and
P4 treatment is the best treatment with 45% worm flour. The result of Duncan's Multiple
Distance Test show that the best feed conversion ratio value was P4 treatment (mean = 1.26)
and the highest feed conversion ratio value was P0 treatment (mean = 1.50). Feed Efficiency
showed significance differences to all treatments (P0, P1, P2, P3, and P4) and P4 treatment
was the best treatment with 45% worm flour.
Data of water quality of Nile Tilapia maintenance can be seen in Table 2.
Table 2 Range of water quality in 45 days of Nile Tilapia maintenance
Parameters
Temperature (0 C)
pH
DO (mg/l)
Ammonia (mg/l)

Range
26-30
7-8
4-6
0-0,5

The water quality parameters observed were temperature, pH, DO and ammonia levels in
tilapia for 45 days. The results showed that temperatures ranged from 26-300C, pH (degree of
security) ranged from 7-8, DO (dissolved oxygen levels) ranged from 4-6 mg / l and
ammonia ranged from 0-0.5 mg / l.
Specific growth rate is very important to observed because it is related to the percentage
of weight of Nile Tilapia per day (Hopkins 1992). Specific growth rate is closely related to
feed. Feeds that meet high nutritional requirements can affect the fish growth (Rosenlund et
al. 2004; Slawski et al. 2011), for example earthworm (Lumbricusrubellus) flour. Based on
statistical calculations, it can be seen that the mean value of specific growth rates for all
treatments in Nile Tilapia ranges from 2.10% -2.31%. The highest specific growth rate was
obtained in P4 treatment (mean = 2.31%) which was added of 45% worm flour. The lowest
specific growth rate was obtained in P0 treatment (mean=2.09%) which was added of 0%
worm flour.
Substitution from fish flour to worm flour is best obtained in P4 treatment with 45%
worm flour. This is because the worm flour contains lysine. The need of lysine for herbivore
and omnivore fish is 2.07% (FAO 2014). Worm flour used as feed ingredients contains
2.92% lysine so the need of lysine for Nile Tilapia is sufficient. The feed which was used
contains the same protein so that the use of 45% worm flour can increase the specific growth
rate of Nile Tilapia because the worm flour contains a lot of lysine. Addition of worm flour
with different doses will reduce protein levels and increase energy in each treatment. The
lowest of decrease in protein was in P4 treatment (33.67%) while the energy produced was
3258.53 kcal / kg. High energy can reduce feed consumption levels, but this decreasing is
followed by an increasing specific growth rate so it can reduce FCR. The low protein value in
P4 treatment can increase specific growth rate because it contains high lysine.
The right amount of energy and protein will produce good growth and feed conversion
ratio. The use of feed with suitable protein will cause fish growth and increase feed ratio
(Goddard 1996; Jobling 1994). The smaller Feed Conversion Ratio indicate the higher level
of feed utilization. Conversely, if the growth value is decrease, then the feed conversion ratio
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will increase (Hung et al. 1989; Storebakken & Austreng 1987). So, the higher feed
conversion ratio had shows that the feed given is more ineffective for Nile Tilapia. The
results of statistical tests show that the value of the feed conversion ratio for all treatments is
ranging from 1.26 to 1.5. The highest feed conversion ratio (1, 5) was obtained in P0
treatment with the addition of 0% worm flour or without the addition of worm flour. This
means that to produce 1kg of tilapia requires around 1.5kg of feed. The higher FCR value, the
more feed needed to produce 1kg of fish flour (Effendie 1997). Feed conversion ratio in P0
(1.5), P1 (1.45), P2 (1.38), P3 (1.33) was higher than P4 (1.26). This is because the feed
provided in P4 was well utilized by Nile Tilapia so the nutrients can be absorbed properly and
the growth rate obtained is high. In P4 treatment, energy in feed is high so the level of feed
consumption is low. However, the use of 45% worm flour which contains high lysine can
increase the Specific Growth Rate and reduce the Feed Conversion Ratio.
Feed Efficiency shows the quality of feed that can be digested properly by fish. Feed
Efficiency values are related to the rate of growth of fish because the higher value of feed
Efficiency, the better response of fish to feed as indicated by rapid fish growth(Thodesen et
al. 2001). The results of statistical calculations show that feed efficiency for all treatments in
Nile Tilapia is ranged from 66.48 to 79.06%. The highest feed efficiency (79.06&) was
obtained in P4 treatment with 45% worm flour. The lowest feed efficiency (66.48%) was
obtained in P0 treatment with 0% earthworm flour or without addition of worm flour.
Water quality affects the success of fish cultivation. Water quality can be defined as the
water suitability for the fish survival and fish growth which is generally determined by
several water quality parameters (Albert K. Imsland et al. 2007; Albert Kjartansson Imsland
et al. 2007; Karås & Klingsheim 1997). Water quality parameters include temperature, pH,
dissolved oxygen and ammonia. Temperature measurements had carried out every day. The
temperature range of maintenance media during the study was between 26 oC-30oC
considering the optimal water temperature needed for nile tilapia ranged from 25-30o C (AlAsgah & Ali 1997). The water temperature in maintaining tilapia for 45 days was still in a
condition that meets the requirements. The degree of acidity (pH) of water during the study
ranged from 7-9 in accordance with the pH range required by tilapia ranging from 7-9 (Ross
2000). Thus pH at maintenance was still in good condition. Factor which affects the growth
of stunted fish is pH. The degree of acidity (pH) which is too low or too high can cause fish
to become stressed so its growth becomes hampered. Important parameter of other water
quality is oxygen, considering oxygen is needed for respiratory and fish metabolism.
Dissolved oxygen (DO) in water media during the study ranged from 4-7 mg / l. The range of
DO during the maintenance period was still in a good range for nile tilapia (Makori et al.
2017).

4. CONCLUSION

The results of study which conduct the substitution of fish flour to earthworm
(Lumbricusrubellus) flour can be concluded that the substitution of fish flour to earthworm
(Lumbricusrubellus) flour until 45% of the total use of fish flour in Nile Tilapia ration can
increase Specific Growth Rate, Feed Efficiency and can reduce Feed Conversion Ratio.

ACKNOWLEDGMENTS

The author would like to express gratitude to all members of Department of Fisheries and
Marine, Faculty of Fisheries and Marine Airlangga University, Indonesia.

http://iaeme.com/Home/journal/IJCIET

2185

editor@iaeme.com

Effectiveness of Earthworm (Lumbricusrubellus) Substitution Flour in Feed Formulation on
Specific Growth Rate, Feed Conversion Ratio and Feed Efficiency of Nile Tilapia
(Oreochromis Niloticus)

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]

[18]

Al-Asgah, N. & Ali, A. 1997, ‘Growth performance and body composition of
Oreochromis niloticus reared at different water temperatures’, Annales de Zootechnie,
vol. 46, no. 4, pp. 331–8.
Anderson, J.S., Higgs, D.A., Beames, R.M. & Rowshandeli, M. 1997, ‘Fis h meal quality
assessment for Atlantic salmon (Salmo salar L.) reared in sea water’, Aquaculture
Nutrition, vol. 3, no. 1, pp. 25–38.
Aquaculture, D.G. 2014, Performance Report of the Directorate General of Aquaculture.
Jakarta, Indonesia.
Cook, J.T., McNiven, M.A., Richardson, G.F. & Sutterlin, A.M. 2000, ‘Growth rate, body
composition and feed digestibility/conversion of growth-enhanced transgenic Atlantic
salmon (Salmo salar)’, Aquaculture, vol. 188, no. 1–2, pp. 15–32.
Effendie 1997, Biologi Perikanan, Yayasan Pustaka Nusatama, Yogyakarta.
Fadaee, R. 2012, ‘A review on earthworm Esienia fetida and its applications’, Annals of
Biological Research, vol. 3, no. 5, pp. 2500–6.
FAO 2014, The Nutrition and Feeding of Farmed Fish and Shrimp; a Training Manualo
Title, Fisheries and Aquaculture Departement.
Goddard, S. 1996, Feed Management in Intensive, Chapman and Hall, New York.
Hopkins, K.D. 1992, ‘Reporting Fish Growth: A Review of the Basics’, Journal of the
World Aquaculture Society, vol. 23, no. 3, pp. 173–9.
Hung, S.S.O., Lutes, P.B., Conte, F.S. & Storebakken, T. 1989, ‘Growth and feed
efficiency of white sturgeon (Acipenser transmontanus) sub-yearlings at different feeding
rates’, Aquaculture, vol. 80, no. 1–2, pp. 147–53.
Imsland, A.K., Foss, A., Alvseike, T., Folkvord, A., Stefansson, S.O. & Jonassen, T.M.
2007, ‘Interaction between temperature and photoperiod on growth and feeding of
Atlantic cod ( Gadus morhua ): possible secondary effects’, Canadian Journal of Fisheries
and Aquatic Sciences, vol. 64, no. 2, pp. 239–48.
Imsland, A.K., Schram, E., Roth, B., Schelvis-Smit, R. & Kloet, K. 2007, ‘Improving
growth in juvenile turbot (Scophthalmus maximus Rafinesque) by rearing fish in
switched temperature regimes’, Aquaculture International, vol. 15, no. 5, pp. 403–7.
Janković, L., Radenković-Damnjanović, B., Vučinić, M., Šefer, D., Teodorović, R.,
CrossedDsignorCrossedDsignević, M. & Radisavljević, K. 2015, ‘Effects of fish meal
replacement by red earthworm (Lumbricus rubellus) meal on broilers’ performance and
health’, Acta Veterinaria, vol. 65, no. 2, pp. 271–86.
Jatmiko, P.C., Madinah, N.A., Agustono & Nurhajati, T. 2018, ‘The effect of earthworms
(Lumbricus rubellus) in feed formulation on growth and retention of eel (Anguilla
bicolor)’, IOP Conference Series: Earth and Environmental Science, vol. 137, no. 1.
Jobling, M. 1994, Fish Bioenergetics, 1st edn, Springer Netherlands, London.
Karås, P. & Klingsheim, V. 1997, ‘Effects of temperature and salinity on embryonic
development of turbot (Scophthalmus maximus L.) from the North Sea, and comparisons
with Baltic populations’, Helgolander Meeresuntersuchungen, vol. 51, no. 2, pp. 241–7.
Makori, A.J., Abuom, P.O., Kapiyo, R., Anyona, D.N. & Dida, G.O. 2017, ‘Effects of
water physico-chemical parameters on tilapia (Oreochromis niloticus) growth in earthen
ponds in Teso North Sub-County, Busia County’, Fisheries and Aquatic Sciences, vol. 20,
no. 1, pp. 1–10.
Matsuoka, K., Shizuka, O. & Koike, K. 2018, ‘Cryptic occurrence of Chattonella marina
var. marina in mangrove sediments in Probolinggo, East Java Province, Indonesia’,
Fisheries science, vol. 84, no. 5, pp. 877–87.

http://iaeme.com/Home/journal/IJCIET

2186

editor@iaeme.com

Ayu Sekar Ramadhani, Agustono and Mohammad Anam Al-Arif

[19]
[20]
[21]

[22]
[23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]

Mireku, K.K., Kassam, D., Changadeya, W. & Attipoe, F.Y.K. 2018, ‘Characterization of
the production and dissemination systems of Nile tilapia in some coastal communities in
Ghana.’ Sustainable Agriculture Research, vol. 7, no. 1, pp. 14–24.
Muchlisin ZA, A D, R F, Muhamaddar, M.M. 2003, ‘Pengaruh Beberapa Jenis Ikan
Alami Terhadap Pertumbuhan dan Kelulushidupan Larva Ikan Lele Dumbo (Clarias
gariepinus)’, Jurnal Biology, vol. 3, no. 1, pp. 105–13.
Rosenlund, G., Karlsen, Tveit, K., Mangor-Jensen, A. & Hemre, G.I. 2004, ‘Effect of
feed composition and feeding frequency on growth, feed utilization and nutrient retention
in juvenile Atlantic cod, Gadus morhua L.’, Aquaculture Nutrition, vol. 10, no. 6, pp.
371–8.
Ross, L.G. 2000, Environmental psychology and energetics. In: Beveridge, M.C.M and
Mc. Andrew, B.J (eds) Tilapias: Biology and Exploitation, Springer Netherlands.
Slawski, H., Adem, H., Tresselb, R.P., Wysujack, K., Kotzamaniss, Y. & Schulz, C.
2011, ‘Austausch von Fischmehl durch Rapsproteinkonzentrat in Futtermitteln für
Steinbutt (Psetta maxima L.)’, Zuchtungskunde, vol. 83, no. 6, pp. 451–60.
Soegianto, A., Adhim, M.H., Zainuddin, A., Putranto, T.W.C. & Irawan, B. 2017, ‘Effect
of different salinity on serum osmolality, ion levels and hematological parameters of East
Java strain tilapia Oreochromis niloticus’, Marine and freshwater behaviour and
physiology, vol. 50, no. 2, pp. 105–13.
Soto, E., Baumgartner, W., Wiles, J. & Hawke, J.P. 2011, ‘Francisella asiatica as the
causative agent of piscine francisellosis in cultured tilapia (oreochromis sp.) in the united
states’, Journal of Veterinary Diagnostic Investigation, vol. 23, no. 4, pp. 821–5.
Storebakken, T. & Austreng, E. 1987, ‘Ration level for salmonids. II. Growth, feed
intake, protein digestibility, body composition, and feed conversion in rainbow trout
weighing 0.5-1.0 kg’, Aquaculture, vol. 60, no. 3–4, pp. 207–21.
Tacon, A.G.J. 1987, the Nutrition and Feeding of Farmed Fish and Shrimp – A Training
Manual : 1. the Essential Nutrients, Food and Agriculture Organization Of The United
Nations, Brasilia.
Thodesen, J., Gjerde, B., Grisdale-Helland, B. & Storebakken, T. 2001, ‘Genetic variation
in feed intake, growth and feed utilization in Atlantic salmon (Salmo salar)’, Aquaculture,
vol. 194, no. 3–4, pp. 273–81.
Watanabe, W., Ellis, S. & Chaves, J. 2001, ‘Effects of Dietary Lipid and Energy to
Protein Ratio on Lutjanus analis Fed Isonitrogenous Diets at Two temperatures’, Journal
of the World Aquaculture Society, vol. 32, no. 1, pp. 30– 40.
Zainuddin, A., Putranto, T.W.C., Irawan, B. & Soegianto, A. 2017, ‘Effect of sub-lethal
lead exposure at different salinities on osmoregulation and hematological changes in
tilapia, Oreochromis niloticus’, Archives of Polish Fisheries, vol. 25, no. 3, pp. 173–85.

http://iaeme.com/Home/journal/IJCIET

2187

editor@iaeme.com

