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Abstract: Achieving a sustainable aquaculture depends on the availability of costless or
priceless feeds. Therefore, this study determined the optimal dietary level of replacing fish
meal with Termite meal in the nutrition of African cat fish.

Six diets (D) containing varying levels (0% - D1, 10% -D2, 20% - D3, 30% -D4, 40% D5,
50% -D6) of Termite meals (Macrotermes subhyalinus), were fed to African catfish for the
period twelve weeks and the following growth parameters such as mean weight gain
(MWG), Specific growth rate (SGR), Percentage mean weight gain (%MWG), and nutrient
utilization parameters such as feed conversion ratio (FCR), Protein efficiency ratio (PER)
were determined.

The highest MWG, was recorded for Diet 5,(12.83%). The least MWG were shown by diet 4,
(7.02%), The highest (%2MWG@G), was recorded for Diet 5(25.09%), and the least were shown
by Diet 4,(13.74%), Diet4 had the highest SGR (0.63%), and the least were shown by Diet
2(0.1%), However, diet 5 had the least FCR (1.92%), and the highest was shown in Diet
2,(5.38%) and the highest PER 0f(0.33%), was recorded for diet 5, while the least was shown
by Diet 4,(0.18%).

The carcass composition of the experimental fish after the experiment showed the fish
carcass for treatment 5 to be the best. An increase in crude protein of fish carcass at the end
of the feeding period were recorded (61.2%), for treatment 1, treatment 2 (62.8%), treatment
3 (63.3%), treatment 4 (61.1%), treatment 5 (64.3%), and treatment 6 has carcass crude
protein of (62.9%).

This study had actually shown that termite meal is very rich in nutrient and it can replace up
to 40% fish meal in the diet of Clarias gariepinus. Therefore, Termite meal can support
better growth and profit maximization if included in the diets of Clarias gariepinus at 40%
without any adverse effect on the fish.
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Introduction

Recently, an unprecedental increase in the world population occurred, it stands at 6.4 billion.
Although, a greater increase is expected from developing countries (FAO, 1993). Today,
Nigeria population is 187,262,466 (Worldometer, 2015). Indirectly this uncontrolled

population size will result to increase in demand for animal protein sources in man and
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animal (pig, poultry and fish) feed. In aquaculture a lot of protein is required to attain a
marketable size within a short period. Therefore, to have a sustainable aquaculture, it is
imperative for the fish farmers and researchers to exploit alternative sources of protein that
are cheaper and not commonly used by man. Most researches on the use of plant protein
sources (Mucuna seed meal Siddhuraju and Becker,(2001); potato leaf meal Olaniyi et al.,
(2010) have shown that the plant can only be used partially in the fish diet due to lesser
quality of its protein compared with animal protein source. Fish meal is a conventional good
source of animal protein and it is mostly used for fish feed due to its high quality balanced
amino acid, vitamins, and mineral content, and because it is palatable and enhances growth
(Davis and Arnold, 2000). However, the upsurge in price and limited supply of fish meal
has discouraged its use in fish diets. Although, there are many reports on the use of other
animal protein sources such as maggot meal Olaniyi and Salau (2013); Sogbesan et al.,
(2005), poultry dung meal Fasakin et al. (2000); Tadpole meal Ayinla et al.(1994).
According to Teguia and Beynen, (2005) insects dominate the world population particularly
the tropics. Insects are rich in protein, easy to come by and surplus during the raining season.
Termites (Macrotermes species) are social insects that are commonly found at the onset of
rainy season or after heavy rainfall, particularly during their breeding period termed as
swarming or nuptial flight, they come out in large quantities to the extent that most are
wasted and some are eaten up by toads. They make up to 95% of the soil insect biomass in
lowland tropical rainforests (Donovan et al., 2007). Termite is very rich in protein, very
palatable, mostly consumed by man and other animals (Madu et al., 2013). Ugwumba et al.,
(2008) also reported crude protein content of 46.3% in termites. They are collected from the
ground after they have shed their wings and then roasted for consumption (Banjo et al.,
2007). This study therefore investigate the level to which termite can replace fish meal and
the growth performance of African catfish fed termite meal.

MATERIALS AND METHODS

Experimental site

The experiment was carried out at the fisheries unit of Teaching and Research Farm, Ladoke
Akintola University of Technology, Ogbomoso, Oyo State, Nigeria.

Collection and Processing of the Test Ingredient (Winged Termite)

Termites normally swarm seasonally especially at the unset of raining season or after the
unset of a heavy rainfall. Ray of light of light is one of the major factors that influence their

movement most especially bright electricity light.
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The winged termites were collected from some specific areas where there is constant
electricity at night, around LAUTECH main gate and Adenike area in Ogbomoso. After
collection, they were submerged inside water, dirt and other foreign body were removed, then
the termites were poured in a plastic sieve to drain out water oven dried at temperature of
180°C to for easy wing removal. The wings were blown away and sundried prior milling.
Excess o0il was extracted from the milled termite with the use of a cloth sieve. The sieve was
used to ensure the removal of oil only from the milled Termite. The remaining portion of the
termite was kept in an air tight container until it was needed.

Experimental Diets

Feed ingredients were purchased from a feed ingredient store in Ogbomoso. The major feed
ingredients used were yellow maize, wheat offal, fish meal, groundnut cake (GNC), blood
meal, bone meal, lysine, methionine, oyster shell and salt. Six experimental diets (D) with
varying levels of termite meal were formulated: D1 contain 0% of extracted termite meal
(control), Dt2 (10% extracted termite meal), D3 (20% extracted termite meal), D4 (30%
extracted termite meal), D5 (40% extracted termite meal), D6 (50% extracted termite meal).
The feed were made into pellets using pelleting machine of 3mm Die. The pellets were
sundried for three days to reduce the moisture content and to prevent moulding. The feed
were packed into six different polythene bags respectively.

Table 1: Gross Composition of the Experimental Diets (%)

PARAMETERS Control TI T2 T3 T4 T5
0% 10% 20% 30% 40% 50%
Yellow maize 27.46 26.46 26.46 25.46 25.46 24.46
Wheat offal 9.15 8.95 8.65 8.65 7.65 7.55
Fish meal 26.95 26.95 23.96 20.96 17.97 14.98
Termite meal - 3.00 5.99 8.99 11.98 14.98
Groundnut cake 19.96 21.16 20.46 21.46 21.96 22.96
Blood meal 9.98 9.98 10.98 11.80 11.48 11.48
Bone meal 1.60 1.60 1.60 1.60 1.60 1.60
Lysin 1.00 1.00 1.00 1.00 1.00 1.00
Methionine 0.50 0.50 0.50 0.50 0.50 0.50
Opyster shell 0.50 0.50 0.50 0.50 0.50 0.50
Salt 0.05 0.05 0.05 0.05 0.05 0.05
Total 100.00 100.00 100.00 100.00  100.00  100.00

Crude protein (%) 39.46 39.89 39.80 39.75 39.54 39.50
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EXPERIMENTAL PROCEDURE

A total of two hundred and twenty African Catfish (Clarias gariepinus) fingerlings
were procured from a reputable fish farm and randomly allotted to six treatments at the rate
of fifteen fingerlings in 50litre tank and replicated two times. The fishes were acclimatized
for two weeks prior the commencement of the experiment during which they were fed
commercial floating feed to empty their gut in readiness for the experiment.

After acclimatization period, the fishes were fed experimental diets, 3% of their body
weight, twice daily at 7hours and 16hours (morning and evening).The water in the fish tanks
were changed every 4days with aerated, clean water. The water were also siphoned to get rid
of dirt and waste feed.

Weighing

Fish were weighted every two weeks using digital weighing balance (ACCULAB)
records of the fish were taken and feeding were adjusted
Growth Performance and Nutrient Utilization
The growth performance and nutrient utilization of the fish were determined by the following
indices.

Mean weight — this is expressed as; MW =Total weight / No of fish

Mean Weight Gain MWG) = FMW — IMW

Where, IMW= initial weight gain, FMW = final weight gain

Percentage Weight gain: PMW (%) = mean weight (g) / initial weight x 100

Mean weight gain /day (mg) = MWG / No of days

Specific growth rate (SGR) = Log e FMW —Log e IMW / Experimental period in days X100
Total feed intake (TFI) = 3/100 X weight of fish X weight of feed (fed daily) X no of days
Average Feed Intake (AFI) = TFI/ Fish stocked / Experimental periods

Feed Conversion Ratio (FCR) = Average feed intake (g) / Mean weight gain (g).

Protein Intake (PI) = Total feed consumed X protein in feed /100

Protein Efficiency Ratio (PER) = MWG/ PI

Gross Feed Conversion Efficiency (GFCR) % =1/FCR X 100

Chemical Analysis

At the end of the experiment, six experimental diets and carcass of the fish from the six
treatments were analysed for proximate composition according to the method of A.O.A.C,

(2001).
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Statistical Analysis

The data collected were subjected to analysis of variance (ANOVA) using completely
randomised design (CRD) SPSS computer package (Field,2000), means were separated by
Duncan’s option of the same statistical package (Duncan 1955).

Results

The proximate composition and Energy level of non -extracted termite is shown in Table 2.
They were as follows: the crude protein content is 42.03%, Crude fat is 34.00%, Moisture is
3.53%, Crude fibre is 10.87%, Ash is 3.30%, and the energy present is 4555.71Kcal.

Also, the proximate composition and Energy level of extracted termite is shown in Table 3
The extracted termite were also analysed and the Crude protein content is 47.46%, Crude fat
is 31.93%, Moisture content is 5.52%, Chitin is 8.24%, Ash is 3.69%, and energy present is
44.78.49Kcal.It is evident from this table that when excess oil is being extracted from
termites, it results in excellent increase in its nutritional values.

The Growth performance and feed utilization of Clarias gariepinus fingerlings fed diet
containing varying inclusion levels of extracted termite meal is shown in table 4.

Initial weight was highest (p>0.05) in T; (11.17), T3z (11.17) and T (11.17) while the least
(p<0.05) value (11.16) was observed in T,, T4 and T, Final weight was significantly (p<0.05)
highest in Ts (21.96) while the least value (17.22) was observed in T,. Mean weight gain was
significantly (p<0.05) highest in Ts (10.80) while the least value (6.06) was observed in T,.
Weight was significantly (p<0.05) highest in Ts (96.77) while the least value (54.30) was
observed in T,. Daily Mean Weight gain was significantly (p<0.05) highest in Ts (0.154)
while the least value (0.087) was observed in T».

Specific growth rate was highest (p>0.05) in Ts (0.0041) while the least (p<0.05) value
(0.0027) were observed in T; and T». Total feed intake was significantly (p<0.05) highest in
Ts (320.57) while the least value (154.88) was observed in Ts. Average feed intake was
highest (p>0.05) in T4 (21.37) and Ts (21.37) while the least (p<0.05) value (18.99) were
observed in T; and T». Feed conversion ratio was significantly (p<0.05) highest in T, (3.13)
while the least value (1.98) was observed in Ts.

Protein intake was significantly (p<0.05) highest in T4 (8.49) while the least (7.49) was
observed in T;.Gross feed conversion efficiency was significantly (p<0.05) highest in Ts
(50.51) while the least value (31.98) was observed in T,. Protein efficiency ratio was

significantly (p<0.05) highest in Ts (1.28) while the least (0.75%) was observed in Tj,



2684 Olaniyi C.O, Olabomi, F.T, and Ajayi, O.M

Proximate Carcass Composition of Clariasgariepinus sample before and after the feeding
trials is shown in Table 5.

The moisture contents of the Clarias gariepinus carcass was recorded to be highest in value
(9.40%) in T,, followed insignificantly by 9.33% of T, (initial) while the least (p>0.05) value
(8.67%) was observed in T7.

Crude protein (%) ranged from 61.80 to 68.17 with T4 having the highest (p<0.05) value
while the least (p<0.05) value was significantly noted in T, (61.80%).

The EE% was observed higher (p<0.05) in T;(13.10%), followed significantly by T4(6.70%)
which was similar (p>0.05) to Ts (6.50%) and T (6.43%). The least value (5.53%) was
recorded in T, which was similar (p>0.05) to 5.60% observed in T,

Ash content (%) was higher (p<0.05) in T, (18.80%) followed by 17.87% of T3 while the
least (p<0.05) value (15.77%) was noted in T,

Table 2. The proximate composition and energy level of non-extracted termite.

PARAMETRES %
PROTIEN 42.03

FAT 34.00
MOISTURE 3.53

CHITIN 10.87

ASH 3.30
ENERGY 4555.71 Kcal

Table 3. The proximate composition and energy level of extracted termite.

PARAMETRES %
ROTIEN 47.46

FAT 31.93
MOISTURE 5.52

CHITIN 8.24

ASH 3.69

ENERGY 4478.49 Kcal/Kg

Table 4. Growth performance and Feed utilization of Clarias gariepinus fingerlings fed diet
containing varying inclusion levels of extracted termite meal.

PARAMETERS TI10%  T2(10%) T320%) T4(30%) T5(40%) T6(50%) SEM
Initial weight (g) 11.17° 11.16° 11.17° 11.16° 11.16° 11.17*  0.0005
Final weight(g) 17.42¢ 17.22 18.76°  20.66°  21.96°  20.34°  0.145
Mean weight(g) 6.25° 6.06' 7.59¢ 9.50 10.80°  9.17° 0.145
TMWG (g) 5595  5430° 6795  85.13°  96.77°  82.09° 1.303
MWG/day(g) 0.089°  0.087°  0.108*  0.136°  0.154°  0.131°  0.002
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SGR(g) 0.0027  0.0027  0.0031  0.0039  0.0041  0.0037  0.0002
TFI(g) 284.85¢  284.80°  302.62° 320.55° 320.57° 154.88'  4.764
AFI (g) 18.99°  18.99  20.17° 2137 2137 20.65°  0.083
FCR 3.04° 3.13" 2.66° 2.45° 1.98" 2.52¢ 0.032
PI 7.49" 7.56° 8.05¢ 8.45° 8.49° 8.16° 0.033
PER 0.83¢ 1.00° 0.75° 1.12° 1.28° 1.12° 0.034
GFCE 32.89° 31.98" 37.59°  40.82° 50.51° 39.68° 0.51

Mean within the row with difference superscripts are significantly different (p<0.05)
PMWG:- Percentage mean weight gain, MWG/day:- Mean weight gain / day, SGR:- Specific
growth rate, TFI:- Total feed intake, AFI:- Average feed intake, FCR:- Feed conversion ratio
PI:- Protein intake, PER; Protein efficiency ratio.

Table 5. Proximate Carcass Composition (% dry weight basis) of Clarias gariepinus sample
before and after the feeding trials.

PARAMETERS Initial TI T2 T3 T4 T5 T6

0%) (10%) (20%) (30%) (40%) (50%) SEM
MC (%) 933"  9.40° 8.83cd“ 9.23® 903" 867 0.05

8.80%

CP (%) 61.80° 66.27° 67.70°  68.17*° 67.70° 67.83° 67.70" 0.46
EE (%) 13.10° 553 560 670" 6.50™ 6.23° 643> 0.55
ASH (%) 15.77" 18.80° 17.87° 16.33° 16.93Y 16.90° 17.23° 0.12
CF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CARBOHYDRATES 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Meanwithin the rows with difference superscripts are significantly different (p<0.05).
M=Moisture content (%), CP= Crude protein (%), EE= Ether extract (%), CF = Crude fibre,
Carbohydrates (by difference)

DISCUSSION

The crude protein of extracted termite meal in this work is 47%, higher than 37% and 44%
reported by Aduku (1993) but lower than 48% as reported by Fadiyimu et al. (2003) for
Macrotermites species but higher than the result (46.30%) obtained by Tiroesele and Moreki
(2012) The increment in the value may be as a result of the extraction of oil which
contributes to the increase in protein.

Termite meal is poor in mineral composition, this result is in accordance with the report of
Barker et al. (1998) that insects are low in major mineral compositions most especially
phosphorus.

Lipid content, fibre and ash content of the termite used in this research are 31.93, 8.24 and

3.69% respectively which is higher compared to that of Tiroesele and Moreki, (2012) 30.1,
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7.3 and 3.6% respectively. This in an indication that when excess oil is being extracted from
termite this contribute more to the increase in lipid, fibre and ash content.

The results observed from the growth performance considering: Mean weight gain,
percentage mean weight gain and specific growth rate, showed that the best growth response
was achieved at 40% extracted termite meal inclusion level (Trt 5), this disagree with
Sogbesan and Ugwumba (2008). Fish fed 40% extracted termite meal inclusion level (Trt 5)
recorded the lowest feed conversion ratio (1.98). All the six treatments were accepted and
utilize by the fingerlings with the highest total feed intake observed in Trt 5 (40% extracted
termite meal while Trt 6 (50%) shows the lowest value. This is an indication of better feed
utilization by converting the feed to flesh by the fish. De Silver and Anderson (1995) reported
that protein efficiency ratio is a measurement of how well the protein sources could provide
the essential amino acids requirement of the fish fed.

The Crude protein content of the fish at the feeding trials. Carcass of fish sample fed 20%
termite meal (Trt3) had the highest crude protein content (68.17%) while the least were
observed in the initial carcass (61.80%). Moisture content were high at the Initial carcass and
T1(0%) fish fed extracted meal (9.33% and 9.40%) , while the least values were observed in
Trt 6 (50%) 8.67%. The ether extract in the Initial carcass shows the highest value (13.10%),
while the least value was recorded in Trt 1and 2 (5.53% and 5.60%). The highest value of
Ash content was recorded in Trtl (18.80%), while the least value were recorded at the Initial.
The Crude fibre and Carbohydrates shows no value in all treatments including the Initial
carcass. This means that fishes performed better with the experimental diets than fish fed the
commercial floating feed.

CONCLUSION

From the result obtained, diet 5 (40% extracted termite) has the best performance in terms of
Mean weight gain, Percentage weight gain, Specific growth rate, Average feed intake, Gross
feed conversion efficiency. These revealed that extracted termite meal will best replace fish
meal at 40% in the diet of Clarias gariepinus without any adverse effect.
RECOMMENDATION

Therefore, it is advisable for fish farmers to include extracted termite meal up to 40% in the
diets of Clarias gariepinus fingerlings. This will enhance the optimum growth of catfish and

profit maximization for the fish farmers.



Performance Characteristics and Nutrients .... 2687

REFERENCES

[1] Aduku, A.O. (1993). Tropical feedstuff analysis table.Department of Animal science,
faculty of Agriculture, Ahmadu Bello University, Zaria, Nigeria.

[2] Ayinla O.A, Kayode O, Idonibuoye-obu T.L.E, Oresegun A and Adindun VE 1994. Use of
Tadpole meal as substitute for fish meal in the diet of Heterobranchusbidorsalis (Goefreyst.
Hillaire 1809). J. of Aquaculture in the Tropics, 9:25-23.

[3] Banjo A.D, Lawal O.A, Sogbesan E.A.(2006). The nutritive value of fourteen species of
edible insects in southwest Nigeria. African Journal of Biotech; 5:298-301.

[4] Billlard, R.J., Cosson, L.W. crimand suquety, M. (1995) sperm physiology and quality in
brood stocks management and eggs and larval quality (edited. Bromage, N and J. Robert)
Blaclkwell Sc.ltd.Osney mead , oxford,pp 25-52.

[5] Davis,D.A. and Arnold C.R.(2000) replacement of fish meal in practical diets fopr the
pacific white shrimp, litopenaeus vannamei Aquaculture,185: 291-298.

[6] De Silva, S.S. and Anderson, T.A.( 1995). Fish Nutrition in Aquaculture.Chapmann and
Hall Aquaculture Series, U.K., Pp319.

[7] Donovan S.E, Griths G.J.K, and Homathevi R. (2007). The spatial pattern of soil-
dwelling termites in primary and logged forest in Sabah, Maleysia Ecol Entomol;321: 1-10
[8] Fadiyimu A.A., Ayodele, A.O., Olowu, P.A. and Folorunso, O.R.,(2003). Performance of
finishingbroilers fed graded levels of termites meal as replacement for fish meal.
Proceeding of the 28™Annual Conference of Nigerian society for Animal Production,
28: 211 -212.

[9] Fasakin EA, Falayi B.A and Eyo A.A.( 2000). Inclusion of poultry manure in the diet for
Nile Tilapia (Oreochromisniloticus, Linneaus). Journal of Fish. Tech. 2:51-56.

[10] Madu, C.T., Sogbesan, O.A.andlbiyo, L.M.0O.(2003). SomeNon-conventional fish feed
resourses in Nigeria. In:A.A. Eyo (Ed.), Proceeding Joint FISON/NIFFR/SPFS
Nationalworkshop on Fish feed and Feeding Practices in Aquaculture held. National Institute
for Fresh water Fisheries Research, 15th 19t September, 2003. New- Bussa: Pp73-82.

[11] Olaniy,i C.O, and Salau, B.R (2013). Utilization of maggot meal in the nutrition of
African Cat fish. African journal of Agricultural Research, 8(37): 4606-4607.

[12] Siddhuraju, P. and becker,k. 2001. Preliminary nutritional evaluation of muciuna seed
meal poseed (mucuna carrpiol) an assement by growth performance and feed utilization

Aquaculture 196:105-123.



2688 Olaniyi C.O, Olabomi, F.T, and Ajayi, O.M

[13] Sogbesan O.A, Ajuonu N.D, Ugwumba A.A.A and Madu C.T. (2005). Cost benefits of
maggotmeal as supplemented feed in the diets of Heterobrachuslongifilisx
Clariasgariepinus(Pisces- Clariidae) hybrid fingerlings in outdoor concrete tanks. Journal of
industrial and Scientific Research, 3(2);51-55.

[14] Teguia A, Beynen A.C.(2005) Alternative feedstuffs for broilers in Cameroon. Live
stock Resourses Rural Dev; 17(3). Retrieved 18" August 2012. Available at
http://Irrd.cipav.org.co/Irrd17/3/tegu17034.htm

[15] Tiroesele B. and Moreki J.C (2012). Termites and Earthworms as potential alternative
sources of protein for poultry. IAVMS, 6(5):368-376.

[16] Ugwumba A.A.A, Ugwumba A.O and Okunola A.O. (2001. Utilization of live maggot
as supplementary feed on the growth of Clarias gariepinus (Burchell) fingerlings. Nigerian
journal of Sciences, 7:59-71

[17] Worldometers (2015) Elaborate of data by United nations Department of economic and

social Affair, population division. world population prospects. The 2015 revision.



