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Abstract

To evaluate the digestibility of house fly maggot meal (magmeal) formulated ref-
erence diet (containing fishmeal as primary protein source) and a test diet (containing
70% reference diet + 30% maggot meal) were fed to triplicate groups of tilapia and carp
with initial average body weights of 108.3+32 and 110.3+23 g, respectively. Faeces were
collected over a period of 15 days by siphoning. The apparent digestibility coefficients
(ADCs) of magmeal calculated for tilapia (dry matter: 47.65%, crude protein: 57.7%,
crude fat: 86.1%; gross energy: 58.1%) were significantly lower than that for carp (dry
matter: 63.84%, crude protein: 84.9%, crude fat: 96.8%, energy: 74.9%). Spawning
activities of experimental tilapia and soft faeces consistency of carp may have affected the
results.
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Introduction

Several feed ingredients including animal and plant protein sources,
have been investigated to find substitutes for fish meal in fish diets (El-
Sayed 1999). Though these feed ingredients may be cheaper than fishmeal,
diverse responses on growth parameters have been reported. The reasons
for the variations are summarized by Ogunji (2004) and include the protein
composition and amino acid profile, palatability/acceptability, phosphorus
content and availability, anti-nutritional factors (especially in plant protein
sources) and apparent digestibility of alternative feeds.

Digestibility is the quantification of digestive process. It gives the
relative measure of the extent to which ingested food and its nutrient com-
ponents have been digested and absorbed by animals (De Silva and Ander-
son 1995). From its chemical composition a feed ingredient may appear to
be an excellent source of nutrients but unless it can be digested and ab-
sorbed by the target species the actual value can be limited. Therefore,
information on the nutrient digestibility of the various feed ingredients
used in formulating fish feeds is crucial for an effective substitution of one
ingredient for another (Képriicii and Ozdemir 2005).

Interests in the study of the use of housefly maggot meal (mag-
meal) as substitute for fishmeal in fish diets, have increased in recent times
(Spinelli et al. 1979; Adesulu and Mustapha 2000; Fasakin et al. 2003;
Ajani et al. 2004). However, no report has been published so far on the
digestibility of this alternative protein source. This study was therefore
designed to determine the apparent digestibility coefficient of housefly
maggot meal (magmeal) for Nile tilapia (Oreochromis niloticus) and carp
(Cyprinus carpio).

Materials and Methods

Culture system

Experimental fish were reared in two recirculation systems each
comprising of nine tanks and a filtration unit with a sedimentation chamber
for settlement of particulate matter and a trickling filter filled with plastic
tubes for biological purification. Mean and standard deviation (x) of water
temperature, pH, O,-content and conductivity (measured with WTW multi
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340 1, Weilheim, Germany) during the experiment were similar in both
recirculation systems: 25.84 °C (x 0.29, System A), 25.95°C (+ 0.25,
System B); 7.94 (+ 0.08), 7,95 (+ 0.15); 6.9 mg I"* (+ 0.23), 6.73 ( 0.28)
and 826 usm cm™ (+ 5.7), 822 ps cm™ (+ 5.2).

Dietary formulation

Composition of reference and test diets is shown in table 1. The
reference diet was formulated according to Bureau and Cho (1994). Chro-
mic oxide (Cr,03) was used as inert marker at a concentration of 1% in the
reference diet. The test diet was formulated using 70% of the reference diet
with 30% of test ingredient (magmeal). Housefly maggots produced in
Nigeria on poultry droppings were used to produce magmeal as described
by Ajani et al. (2004) and Adesulu and Mustapha (2000). All dry diet
components, including the vitamin and mineral mixture, were thoroughly
mixed with oil. Water was added and the feed pressed into pellets of 1 mm
diameter. The wet pellets were dried for 3 days at room temperature and
stored at -2°C until used. The reference and test diets were assigned to
tilapia and carps in triplicate tanks respectively. The fish were fed to ap-
parent satiation at a level of 3% of their body weight in two portions at
08.00 and 15.00 heday™ respectively. This feeding level was reduced to 2%
of body weighteday™ for tilapia after 7 days to ensure complete consump-
tion of food.

Table 1. Composition of reference and test diets (%) dry matter (DM)

Ingredients Reference diet Test diets
Fish Meal 30

Soy meal 17 -
Wheat Gluten 13 -
Wheat Flour 28 -
Fish Oil 3 -
Canola Qil 3 -
Vita/Min Mix* 1 -
Silicate gel 4 -
Chromic oxide (Cr,05) 1 -
Reference diet 70
Test ingredient (magmeal) 30
Total 100 100

'Vitamin and Mineral mix (Spezialfutter Neuruppin -VM BM 55/13 Nr. 7318) supplied per
100g of dry feed: Vitamin A 12000 I.E; Vitamin D3 1600 I.E; Vitamin E 160mg; Vitamin K3
6.4mg; Vitamin B1 12mg; Vitamin B2 16mg; Vitamin B6 12mg Vitamin B12 26.4ug; Nico-
tinic acid 120mg; Biotin 800ug; Folic acid 4.8mg; Pantothenic acid 40mg, Inositol 240mg;
Vitamin C 160mg; Antioxidants (BHT) 120mg; Iron 100mg; Zink 24mg; Manganese 16mg;
Cobalt 0.8mg; lodine 1.6mg; Selenium 0.08mg.
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Feeding trials and analysis

Thirty tilapia with an initial average body weight of 108.3+32 g and 36
carp with an initial average body weight of 110.3+23 g were randomly
distributed in six tanks with a volume of 240 L each of the similar recircu-
lation systems at a stocking density of 5 (tilapia) and 6 (carp) individuals
per tank. They were acclimated to the diets for 10 days before faecal col-
lections commenced. Faeces were collected over a 15 day period by si-
phoning (Tantikitti and Chimsung 2001; Pavasovic et al. 2006) 30 minutes
after feeding for the tilapia and 2 hours for carps, the time carps commence
emptying their bowls after feeding. Food particles were however removed
from the tanks before siphoning, and faeces collection lasted for only 30
minutes to avoid leaching out of nutrients from the faeces. Pavasovic et al.
(2006) observed no significant loss of detectable chromium (Cr) in faecal
samples of claw crayfish (Cherax quadricarinatus) immersed in water for
one hour. At the end of the experiment, faeces collected per tank and stored
at -2°C were centrifuged at 5000x g for 15 min and supernatant was dis-
carded (Koprici and Ozdemir 2005) before freeze drying along side the
diet samples started.

Chemical analysis and calculations

Freeze-dried samples of experimental diets, magmeal and fish fae-
ces were analyzed for proximate composition. Every analysis was carried
out in duplicate and faeces samples per tank. Protein (N x 6.25) was ana-
lysed using a Kjeltec System (Tecator) and crude fat using a Soxtec Sys-
tem HT (Tecator) with petroleum ether as the solvent. Ash was determined
by burning in a muffle furnace at 550°C for 10 hours. Gross energy was
calculated using the following values: crude protein = 23.9 kieg™, crude
lipids = 39.8 kJeg™ and NFE = 17.6 kdeg™ (Schulz et al. 2005). To estimate
the amino acid concentrations of the experimental diets, 5 mg of the freeze-
dried samples were hydrolyzed with 6N HCI at 110°C for 24 hours. No
protecting reagents were added to avoid destruction of sulphur amino
acids. Other analytical procedures for amino acids followed the description
of Ogunji and Wirth (2001). Acid Detergent Fibre (ADF) content of mag-
meal was determined following the method of VVan Soest (1963).

Chromic oxide was analysed using the method of Petry and Rapp
(1970) with a little correction in preparing the standard solution. Standards
used for photometric measurement, and curve determination were prepared
with potassium chromate (K,CrO,) at concentrations of 10 — 100 mgeL™
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Cr'V. Uvikon XL UV/VIS Spectrophotometer (Flowspek Basel CH) was
used to measure the extinctions of standard and samples.

The apparent digestibility coefficients (ADCs) of crude protein,
crude fat and energy were calculated as follows:

ADC =100 - [1 - (F/D) x (Di/Fi)] (Cho and Slinger 1979)

where, D = % nutrient or energy of diet; F = % nutrient or energy of fae-
ces; Di = % marker (Cr,03) in diet; Fi =% marker (Cr,03) in faeces; ADC
= apparent digestibility coefficient; ingr = ingredient under investigation,
ref = reference diet; Com = diet comprised of combination of reference diet
and test ingredient; a = nutrient contribution of reference diet to nutrient
content of combined diet, = (level of nutrient in reference diet) x (100 - i);
b = nutrient contribution of test ingredient to nutrient content of combined
diet, = (level of nutrient in reference diet) x i; i = level of test ingredient in
combined diet (%); and (a + b) = level of nutrient in combined diet (%)

The apparent digestibility coefficient (ADC) of dry matter was cal-
culated as:

(1 =% Cr,03in diet/% Cr,03 in faeces) x 100 (Yang et al. 2006).

All data were subjected to one-way analysis of variance (ANOVA)
when appropriate. The significance of difference between means was
determined by Duncan’s multiple range test (P<0.05) using SPSS for Win-
dows (Version 12). Values are expressed as means + SE.

Results

Results of the reference diet, test diet and magmeal analysis are
given in table 2, while the analyses of faeces from tilapia and carp respec-
tively receiving experimental diets are shown in table 3. The apparent
digestibility coefficients (ADC) for various nutrients of reference and test
diets are shown in table 4. The ADC of crude protein for tilapia fed with
test diet was lowest (80.11%) and significantly different from carp, how-
ever no difference was observed with ADC of crude fat. Table 5 shows that
magmeal digestibility of dry matter (47.65%), crude protein (57.7%), crude
fat (86.1%) and energy (58.1%) for tilapia are significantly lower than that
for carp (dry matter: 63.84%, crude protein: 84.9%, crude fat: 96.8%,
energy: 74.9%).
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Table 2. Nutrient and amino acid composition of magmeal reference and test diets (%) dry
matter

Component Reference diet Test diets Magmeal**
Dry matter 92.86 93.52 92.43
Crude protein 43.17 43.64 46.56
Crude fat 10.98 15.04 25.82
Ash 12.79 12.59 11.10
NFE! 33.06 28.73 16.52
Chromium oxide 0.07 0.05 -
Gross energy” (kJeg™) 20.51 21.47 23.36
Amino Acid®

Aspartic acid 6.21 6.76 -
Glutamic acid 10.90 12.48 -
Serine 247 2.88 -
Histidine* 2.85 2.78 -
Threonine* 1.57 1.43 -
Arginine* 3.09 3.28 -
Alanine 4.18 3.68 -
Tyrosine 0.51 0.55 -
Tryptophan* 0.72 0.87 -
Valine* 2.78 2.72 -
Phenylalanine* 4.08 4.15 -
Isoleucine* 3.13 3.18 -
Leucine* 1.60 1.61 -
Lysine* 251 2.09 -

Nitrogen free extract + fibre, (NFE) = 100 - (% protein + % fat + % ash)

“Calculated by: crude protein = 23.9 kdeg™, crude lipids = 39.8 kJeg™*, NFE = 17.6 kleg™
(Schulz et al. 2005)

*Methionine could not be analysed because of its destruction during acid hydrolysis
*Essential amino acids

** Acid Detergent Fibre (ADF) = 13.78% dry matter

Table 3. Nutrient composition of faeces (%) dry matter*

Tilapia Carp

Component Reference diet  Test diet Reference diet  Test diet
Dry matter 31.24+1.6%" 26.66+1.8% 34.67+2.2° 27.45+1.4°
Crude protein 20.35+0.2° 26.52+2.8°  19.54+0.3° 17.42+1.1°
Crude fat 3.41+1.2° 3.78+1.1° 3.40+0.8° 1.78+0.1°
Ash 41.72+2.3° 26.18+1.0°  42.88+1.0° 31.50+1.7°2
NFE 34.51+1.32 4352+2.4°  34.17+05% 49.30+0.3°
Chromium oxide 0.30+0.0 0.16+0.0 0.23+£0.0 0.16+0.0
Gross energy” (kJeg™?)  12.30+0.7*° 15.50+0.5°  12.04+0.3 13.55+0.1°

*Values represent mean + SE of each replicate per treatment. Values in the same row with
different superscript letters are significantly different (P < 0.05) from each other.
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Table 4. Apparent digestibility coefficients of diets (%)*

Tilapia Carp
Component Reference diet Test diet Reference diet Test diet
Dry matter 76.71+1.9° 67.45+1.7° 70.15+1.0°% 67.68+0.8°
Crude protein ~ 89.03+0.8% 80.11+2.2° 86.50+0.4° 87.08+0.8°
Crude fat 92.42+3.32 91.56+3.0° 90.68+1.6° 96.19+0.2°
NFE 75.60+2.7° 50.90+1.8" 69.14+1.1° 4455+1.2°
Energy 85.94+1.8° 76.42+2.0° 82.46+0.8*" 79.60+0.62"°

*Values represent mean + SE of each replicate per treatment. Values in the same row with
different superscript letters are significantly different (P < 0.05) from each other.

Table 5. Digestibility of magmeal in Tilapia and carp diets (%)*

Component Tilapia Carp

Dry matter 47.65+1.6° 63.84+1.6"
Crude protein 57.6745.1° 84.94+1.8°
Crude fat 86.08+3.2° 96.78+1.7°
Energy 58.07+2.5% 74.94+1.2°

*Values represent mean + SE of each replicate per treatment. Values in the same row with
different superscript letters are significantly different (P < 0.05) from each other.

Discussion

In this study, the apparent digestibility coefficient of housefly mag-
got meal (magmeal) as protein source for Nile tilapia (Oreochromis niloti-
cus) and carp (Cyprinus carpio) was examined. Due to varying digestive
capacities between fish species Degani et al. (1997) suggested the digesti-
bility determination of the nutritional components of fish diets separately
for each species. The chromic oxide method of digestibility determination
(Austreng 1978) used in this study has been used in several studies of fish
feeds. Chromic oxide without any doubt has become the most commonly
used external marker in fish as well as in other animals (De Silva and
Anderson 1995).

Tilapia and carp fed reference and test diets (CP, 43% DM) in this
study recorded protein digestibility ranging from 80% to 89%. These val-
ues are similar to those reported by Olvera-Novoa et al. (2002) for tilapia
fed diets of anchovy and torula yeast meal (80.5 — 83.20%). Kirchgessner
et al. (1986) fed carps with compound feeds of widely varying composition
(20 — 60% crude protein and 5 — 20% fat) and obtained a mean value for
digestibility of 83% (with a range of 70 — 90%). In the present study, the
fat digestibility range of 90.56 — 96.19% for tilapia and carp agree with the
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fat digestibility range from 85% to 95% for fish fed with fat sources solely
or in a mixed diet (Cho and Slinger 1979; Aksnes and Opstvedt 1998).

This study showed that dry matter, crude protein, crude fat and en-
ergy digestibility of test ingredient (magmeal) for tilapia (initial weight;
108.3 g) is significantly lower for carp (initial weight; 110.3 g). This may
be attributed to two factors: (1) the effect of reproductive activities of the
tilapia used for the experiment and (2) varying faeces consistency in carp
and tilapia.

Much sexual movements and spawning by the fish were observed
while less food was consumed, resulting in the reduction of feeding level
to 2 % for tilapia after 7 days. It has been suggested that digestibility, like
any other metabolic process is influenced by both biological and environ-
mental factors, but these factors are still less understood (De Silva and
Anderson 1995). The higher nutrient digestibility of carp in contrast to
tilapia could also be related to the soft faeces consistency, which promotes
nutrient leaching processes. Although faeces collection by siphoning en-
sured maximum water contact time of 30 minutes, observed soft consis-
tency of carp faeces seemed to support nutrient leaching as described by
Brinker et al. (2005). As a result lower protein and fat contents could be
observed in faeces of carp (Table 3), which influenced calculated ADCs
negatively.

The combined effect of the ADF and ash content of magmeal
(13.78 and 11.10% respectively) may have lowered ADCs of dry matter
and energy of test ingredient generally. This could have also affected the
protein digestibility of magmeal, since dietary ash content has a negative
correlation with protein digestibility (Robiana et al. 1997). Koprici and
Ozdemir (2005) reported lower ADCs of dry matter, protein, average
amino acid, lipid and energy in crayfish exoskeleton meal and gammarid
meal than other test ingredients for tilapia due to high content of ash (30.0
and 27.5% respectively) and chitin (10.2 and 6.6% respectively) in the
ingredients.

Similarly Degani et al. (1997) reported energy digestibility of carp
for fishmeal of 93%, for soybean meal of 75% and for poultry meal of
64%. Low energy digestibility of poultry meal seemed to be caused by
high amounts of feathers and keratinized fats in the ingredient. The ADCs
of protein in various feed ingredients for Nile tilapia vary from 66% (al-
fafa) to 94.4% (soybean) (Pompa 1982; Hanley 1987; Fontainhas-
Fernandes et al. 1999; Maina et al. 2002). Such variability in ADCs of
protein may be explained by differences in chemical composition, origin of
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feed ingredients and methods of faeces collection (Kopriicii and Ozdemir
2005). The high ADCs of fat in magmeal for Nile tilapia (86.08+3.2) and
carp (96.78) show that magmeal fat is well digested by the species.

The higher nutrient digestibility of carp observed in this study sug-
gests that carp of about 100g body weight are more able to utilize housefly
maggot meal as a protein source than tilapia of similar size. Spawning
activities of tilapia and soft faeces consistency of carp may have affected
the results. There is a need to repeat this study with carp and tilapia finger-
lings.

Acknowledgements

The first author is grateful to the Alexander von Humboldt Founda-
tion (AvH) Germany, for the award of a Post Doctoral Research Fellow-
ship under which this work was undertaken. The support of Mrs Victoria
Oguniji in the course of this study is also gratefully acknowledged.

References

Adesulu, E.A. and A.K. Mustapha. 2000. Use of housefly maggots as a fishmeal replacer
in tilapia culture: A recent vogue in Nigeria. In: Proceedings of the Fifth Interna-
tional Symposium on Tilapia Aquaculture. (ed. K. Fitzsimmons and J.C. Filho),
pp. 138 — 143. Rio de Janeiro, 3 -7 September, Brazil.

Ajani, E.K., L.C. Nwanna and B.O. Musa. 2004. Replacement of fishmeal with maggot
meal in the diets of Nile tilapia, Oreochromis niloticus. World Aquaculture 35:52
—54.

Aksnes, A. and J. Opstvedt. 1998. Content of digestible energy in fish feed ingredients
determined by the ingredient-substitution method. Aquaculture 161:45 — 53.

Austreng, E. 1978. Digestibility determination in fish using chromic oxide marking and
analysis of contents from different segments of gastro-intestinal tract. Aquacul-
ture 13:265 - 272.

Brinker, A., W. Koppe and R. Rdsch. 2005. Optimised effluent treatment by stabilised
trout faeces Aquaculture 249:125-144.,

Bureau, D.P. and C.Y. Cho. 1994. Ingredients quality: an essential factor in the formula-
tion of cost-effective aquaculture diets. In: Expanding Agriculture Co-product
Uses in Aquaculture Feeds Workshop Proceedings, Des Moines, 1A, pp. 234—
258.

Cho, C.Y. and S.J. Slinger. 1979. Apparent digestibility measurement in feedstuffs for
rainbow trout. In: Finfish Nutrition and Fish feed Technology Vol. 2 (ed. J.E.
Halver and K. Tiews), pp. 239-247.



1104 Asian Fisheries Science 22(2009):1095-1105

Degani, G., S. Viola and Y. Yehuda. 1997. Apparent digestibilty coefficient of protein
sources for carp, Cyprinus carpio L. Aquaculture Research 28:23 — 28.

De Silva, S.S. and T.A. Anderson. 1995. Fish Nutrition in Aquaculture. Chapman and
Hall London, 31 p.

El-Sayed, A.-F.M. 1999. Alternative dietary protein sources for farmed tilapia, Oreochromis
spp. Aquaculture 179:149-168.

Fasakin, E.A., A.M. Balogun and O.0. Ajayi. 2003. Evaluation of full-fat and defatted
maggot meals in the feeding of Clariid catfish Clarias gariepinus fingerlings.
Aquaculture Research 34:733 — 738.

Fontainhas-Fernandes, A., E. Gomes, M.A. Reis-Henriques and J. Coimbra. 1999. Re-
placement of fishmeal by plant proteins in the diet of Nile tilapia: digestibility
and growth performance. Aquaculture International 7:57 — 67.

Forster, 1. 1999. A note on the method of calculating digestibility coefficients of nutrients
provided by single ingredients to feeds of aquatic animals. Aquaculture Nutrition
5:143-145.

Hanley, F. 1987. The digestibility of foodstuffs and the effects of feeding selectivity on
digestibility determinations in tilapia, Oreochromis nitloticus (L.). Aquaculture
66:163 — 179.

Kirchgessner, M., H. Kirzinger and F.H. Schwarz. 1986. Digestibility of crude nutrients
in different feeds and estimation of their energy content for carp (Cyprinus car-
pio L.). Aquaculture 58:185 — 194.

Kopriict, K. and Y. Ozdemir. 2005. Apparent digestibility of selected feed ingredients for
Nile tilapia (Oreochromis niloticus). Aquaculture 250:308-316.

Maina, J.G., R.M. Beames, D. Higgs, P.N. Mbugua, G. Iwama and S.M. Kisia. 2002.
Digestibility and feeding value of some feed ingredients fed to tilapia Oreo-
chromis niloticus (L.). Aquaculture Research 33:853 — 862.

Ogunji, J.0. 2004. Alternative protein source in diet for farmed tilapia. CABI interna-
tional 2004, Nutrition Abstracts and Reviews Series B 74(8):23N-32N.

Ogunji, J.O. and M. Wirth. 2001. Alternative protein sources as substitutes for fish meal
in the diet of young tilapia Oreochromis niloticus (Linn.). Israeli Journal of
Aquaculture-Bamidgeh 53:34-43.

Olvera-Novoa, M.A., C.A. Martinez-Palacios and L. Olivera-Castillo. 2002. Utilization of
torula yeast (Candida utilis) as a protein source in diets for tilapia (Orechromis
mossambicus Peters). Aquaculture Nutrition 8:257-264.

Pavasovic, A., N.A. Richardson, P.B. Matter and A.J. Anderson. 2006. Influence of
insoluble dietary cellulose on digestive enzyme activity, feed digestibility and
survival in the red claw crayfish, Cherax quadricarinatus (von Martens).
Aguaculture Research 37:25 — 32.

Petry, H. and W. Rapp. 1970. Zur Prolematik der Chromoxidbestimmung in
Verdauungsversuchen Z. Tierphysiologie Tiererndhrung Futtermittelkunde
27:181-189.

Pompa, T.J. 1982. Digestibility of selected feedstuffs and naturally occurring algae by
tilapia, PhD dissertation, Auburn University, Auburn, Alabama, U.S.A.

Robiana, L., F.J. Moyano, M.S. lzquierdo, J. Socorro, J.M. Vergara and D. Montero.
1997. Corn gluten and meat and bone meals as protein sources in diets for gilt-
head seabream (Sparus aurata): nutritional and histological implication. Aqua-
culture 157:347-359.



Asian Fisheries Science 22(2009):1095-1105 1105

Schulz, C., U. Knaus, M. Wirth and B. Rennert. 2005. Effects of varying dietary fatty acid
profile on growth performance, fatty acid, body and tissue composition of juve-
nile pike perch (Sander lucioperca). Aquaculture Nutrition 11:1 — 11.

Spinelli, J., C. Mahnken and M. Steinberg. 1979. Alternative sources of protein for fish
meal in Salmonid diets. In: Proceeding of the World Symposium on Finfish Nu-
trition and Fish Feed Technology, pp 132 — 143. Hamburg 20 — 23 June, 1978.
Vol Il. Berlin Heenemann GMBH.

Tantikitti, T. and N. Chimsung. 2001. Dietary lysine requirement of freshwater catfish
(Mystus nemurus Cuv. & Val). Aquaculture Research 32:135 — 141.

Van Soest, P.J. 1963. Use of Detergents in the Analysis of Fibrous Feeds. Il. A Rapid
method for the determination of fibre and lignin. Journal of Analytical Chemistry
46:829 — 835.

Yang, Y., S. Xie, Y. Cui, X. Zhu, W. Lei and Y. Yang. 2006. Partial and total replacement
of fishmeal with poultry by-product meal ion diets of gibel carp, Carassius aura-
tus gibelio Bloch. Aquaculture Research 37:40 — 48.

Received: 7 March 2007; Accepted: 28 May 2008



	Abstract
	Introduction

