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ABSTRACT

This research investigated the growth performance of Clarias gariepinus fingerlings (mean
weight 1.130.3g) fed cockroach meal (CM) as replacement for fish meal (FM). The fish
were fed with three diets containing 45% crude protein; diet 1 (control 0% CM and 0% FM)
diet 2 (10% FM, 0% CM), diet 3 (10% CM, 0% FM) for 56 days. The results showed
significant differences (p<0.05) for the growth parameters evaluated for the treatments.
Cockroach meal-based diet gave the best results in terms of mean weight gain (1.39+0.39g),
food conversion ratio (2.54+0.15), specific growth rate (1.440.29%/day), protein efficiency
ratio (0.87+0.20), apparent net protein utilization (16.23+7.19) and survival rate of 62%.
This was followed by fish meal-based diet while the control diet gave a significantly
(p<0.05) lower values. It can be concluded from the study that cockroach meal can
substitute fish meal at 10% inclusion level. However, further study can be conducted for
higher inclusion levels of cockroach meal in the diets of C. gariepinus.

Keywords: Insect meal, protein, catfish, feed, growth.

INTRODUCTION

Fish  meal is recognized by
nutritionists for its high quality nutrients
(balanced amino acids, essential fatty acids,
minerals and vitamins), high digestibility,
palatability, large quantities of energy per
unit  weight and considerably low
carbohydrate (Miles and Chapman, 2018).
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Due to large scale use of fish meal and
declining harvest from the wild, keeping
pace with the demand in aquaculture industry
in view of its cost and availability calls for
alternative protein sources (Ekelemu, 2010;
Miles and Chapman, 2018). Madu et al.
(2003) earlier stated that, fish meal
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constitutes 40-60% of the recurrent cost of
most intensive fish farm ventures which
negates the economic viability of the farm
when cheaper alternatives are not available, a
major constraint to aquaculture in Nigeria
(Udo et al., 2011). Much studies have been
done to substitute fish meal with protein
from plant sources (Fagbenro and Davies,
2002; Khan et al., 2003; El-Marakby et al.,
2006; Orire and Ozoadibe, 2015; Orire et al.,
2015). Other work considered feather meal,
poultry droppings, insects, worms, garden
snails and tadpoles (Devendra, 1988 and
Ruth, 2017). The use of housefly maggots
was reported in diets of tilapia, C. gariepinus
and Heterobranchus longifilis (Madu and
Ufodike, 2003).

Fish production is a key factor in
food security in the developed and
developing countries (Suvitha et al., 2014).
Fish feed can be considered palatable if it is
adequately accepted by fish, easily
digestible, readily available and cost
effective (Sogbesan and Ugwumba, 2008). In
addition, adequate proportion of nutritional
content should be available (Wang et al.,
2006). American cockroach (Periplaneta
americana) are usually found in places such
as food stores, kitchen and restaurant. They
have been reported to serve as food for wild
and domestic birds, small reptiles as well as
being source of protein in fish feed
production (Rust et al., 1991 and Ruth,
2017). Thus, this research was conducted to
investigate the effects of cockroach meal on
the growth performances of C. gariepinus
fingerlings.

MATERIALS AND METHODS
Experimental Site and Design

The study was done at the
Department of Water Resources,
Aquaculture and Fisheries Technology,

School of Agriculture and Agricultural
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Technology,  Federal  University  of
Technology, Minna, Niger State (9.31 '58.8°
N; 6.27 '07.7°E). One hundred and eighty
(180) African catfish (C. gariepinus)
fingerlings were purchased from Jerubbaal
Fish Farm Limited, Osere, llorin, Kwara
State. The fishes were acclimated in
1000liter plastic tank for one week before the
start of the experiment. Thereafter, each
fingerling was weighed using sensitive scale
SF-400 (Capacity 3000gx1g/1060zx0.10z)
and the initial weights taken. The
experimental design consisted of 20litre
capacity rearing troughs. Each trough was
stocked with 20 catfish fingerling and reared
for 56 days.

Collection and Preparation of Feed
Ingredients

Fishmeal (clupied) was purchased
from Kure Ultra-modern market, while
soybean and maize grains were purchased
from Bosso market and groundnut cake
(GNC) procured from Faridat Feed Mill, all
in Minna, Niger State, Nigeria. Matured
cockroaches used in this experiment were
harvested from the aggregating site, Room 1
Block C, Kings Villa, Gidan Kwano Village,
Minna, Niger State. They were aggregated
by keeping rotten vegetables and left over
foods in a dedicated room. The temperature
of the room was kept at 28°C and relative
humidity of 60% was maintained with
sufficient darkness in the room. Cockroaches
were attracted into the room and were
harvested by placing a hot charcoal pot in the
room. This raised the room temperature to
between 35°C and 40°C. This high
temperature  made  the  cockroaches
uncomfortable thus, trying to escape from
the room. Hence, an escape route was
provided. At this point, the cockroaches were
physically killed with a bunch of broom.
Harvested cockroaches were then sundried
and ground whole for later use.
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However, the use of insecticides was
discouraged since it may have deleterious
effect on the fish.

Feed Formulation and Fish Management
Three (3) experimental diets were
compounded having 45% crude protein level.
The control diet (diet 1) had soybean meal
and groundnut cake (GNC) as sources of
protein. Diet 2 contained soybean meal,
groundnut cake (GNC) and 10% fish meal
while Diet 3 had soybean meal, groundnut

cake (GNC) and 10% cockroach meal. Maize
meal served as main energy source of all the
diets. Each diet was fed to catfish in
triplicate. The proximate analysis of the
formulated diets was conducted according to
the standard AOAC (2005) method (Table
1). The rearing tanks were placed on an iron
stand of 1.5m in height for ease of
accessibility —and  observation.  Clean
freshwater was supplied into the rearing
tanks from an overhead tank and dirty water
was removed or drained by siphoning
method daily. Dead fish, fecal matter and
uneaten feed were removed daily.

Table 1: Formulated diets and proximate compositions

Ingredients Diet 1 Diet 2 Diet 3
(Control) (10% fish meal) (10% Cockroach meal)

Fish meal 0.00 100.00 0.00

Groundnut cake 416.50 284.90 294.50

Soybean 416.50 284.90 294.50

Cockroach meal 0.00 0.00 100.00

Maize meal 67.000 230.30 211.10

Lipid 50.00 50.00 50.00

Vitamin mineral premix 50.00 50.00 50.00

Total 1000.00 1000.00 1000.00

Proximate compositions (%0)

Crude protein 45.05 45.09 45.04

Crude lipid 9.08 13.85 8.88

Crude ash 14.88 14.89 12.04

Moisture 7.81 7.18 8.20

Crude fibre 1.80 8.20 4.50

Nitrogen Free Extract 21.38 21.34
Feeding Procedure and Biological feeding was adhered to till the end of the
Evaluation experiment because the fish tend not to finish

The experimental diets were given
to each of the replicate of the treatments. The
C. gariepinus fingerlings were fed three (3)
times a day at 8:00am; 1:00pm and 4:30 pm
starting with 5% body weight that was
adjusted fortnightly to meet the body nutrient
requirements. However, 3% body weight of
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the quantity supplied when fed at 5% rate.
The uneaten diets were collected and dried
for later analysis. Water quality parameters
were monitored for dissolved oxygen,
temperature, pH and conductivity using
standard APHA (1999) method. Biological
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parameters were evaluated according to
standard methods of: Osborne et al. (1919);
Miller and Bender (1955); Brown (1957);

Maynard et al. (1979) and Halver (1989) as
followed:

Mean weight gain (g) = Mean final weight — mean initial weight

Specific Growth Rate (SGR %/day) = (Loge W> - Loge W1) x 100

T2—-Ti
Where, W> and W1 represent final and initial weights respectively, and
T2 and Ty represent final and initial time respectively

Feed conversion ratio (FCR)— Feed fed on dry matter/fish live weight gain

Protein efficiency ratio (PER) =Mean weight gain/protein fed

Apparent Net Protein Utilization (%) =Final carcass protein-Initial carcass protein X 100

STATISTICAL ANALYSIS

Statistical package Minitab release 14
was used to analyze the data generated. The
One-way analysis of variance was used to
establish significant differences in the means
and the new Duncan Multiple Range Test
was used to separate the means.

RESULTS

The results of growth performance
and nutrient utilization are presented in Table
2. From the results, the highest mean weight
gain (1.39g) was recorded in fish fed Diet IlI
(10 % cockroach meal) while fish fed Diet |
(control) had a significantly lower mean
weight gain (0.74g) while Diet 11 (10% fish
meal) gave a significantly higher mean
weight gain (0.98g) than the control but
lower than the cockroach meal-based diet.
There was significant difference in the food
conversion ratio (FCR) (p<0.05) of the
treatments. Diet | gave a significantly high
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Mean total protein consumed

FCR value (4.91) followed by Diet Il (3.89)
while Diet Il gave a significantly lower
(p<0.05) FCR value (2.54). The specific
growth rate (SGR) values showed significant
differences (p<0.05) among treatments. Diet
| had a significantly lower SGR value
(0.89%/day) followed by Diet Il (1.13%/day)
while Diet 1ll gave a significantly higher
(p<0.05) SGR value (1.44%/day).

Cockroach meal-based diet had the
highest protein efficiency ratio (PER) value
of 0.87 while there was no significant
difference (p>0.5) between the control diet
(0.69) and diet 1l (0.58). The results of
apparent net protein utilization (ANPU)
showed that cockroach meal-based diet gave
a significantly higher value (16.23%)
followed by fish meal-based diet (4.19%)
while the control had a significantly lower
value (1.78%). Cockroach-based diet gave a
significantly higher survival rate (62%)
while the control diet was significantly low
(34%).
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Table 2: Growth parameters of Clarias gariepinus fingerlings fed experimental diets for 56

days
Growth Parameters Diet 1 Diet Il Diet 11l SD
(Control diet)  (10% Fish meal) (10% Cockroach meal)

Mean initial wt. (9) 1.13+0.03? 1.10+0.00? 1.10+0.00? 0.02
Mean final wt. (g) 1.87+0.27°¢ 2.08+0.23° 2.49+0.39° 0.30
Mean wt. gain (g) 0.74+0.48° 0.98+0.23° 1.39+0.39% 0.38
Feed fed (9) 3.63+0.90? 3.81+0.29° 3.53+0.29° 0.57
FCR 4.91+0.79° 3.89+0.32° 2.54+0.15° 0.50
SGR (%/day) 0.89+0.30° 1.13+0.19° 1.44+0.29° 0.27
PER 0.69+0.15° 0.58+0.17°¢ 0.87+0.20? 0.17
ANPU (%) 1.78+1.26° 4.19+4.87° 16.23+£7.19° 5.07
Survival (%) 37.00 42.00 62.00 2.31

Means on the same column with different superscripts are significantly different (p<0.5)

The chemical composition of fish
carcass (Table 3) indicated significant
differences (p<0.05) for the treatments. Diet
Il gave a significantly higher final crude
protein value (52.75%) than the initial level
(51.66%) with no significant difference with
that recorded in Diet I. The final tissue lipid
was also significantly (p<0.05) higher for
Diet 11l (10.75%) while the initial carcass
lipid composition had a significantly lower

value (8.34%). Ash content was significantly
lower (p<0.05) (7.35%) for Diet Il while
Diet | had a significantly higher (p<0.05) ash
content (14.72%) than the initial value
(10.50%). The moisture content was
significantly higher (p<0.05) for initial value
(7.31%) and significantly lower (p<0.05) for
Diet Il while fibre value was significantly
high (p<0.05) for Diet Il (7.45%) and low
for the initial value (0.05%).

Table 3: Chemical composition of fish carcass at beginning and end of experiment

Treatments Protein Lipid Ash Moisture Fibre
Initial carcass value 51.66+0.01°  8.34+0.01° 10.50+0.06°  7.31+0.01*  0.05+0.01¢
Final carcass value

Diet | 51.66+0.01°  9.19+0.01° 14.72+0.01*  7.07+0.01°  4.00+0.01°
Diet Il 52.14+0.01°  8.92+0.01° 13.70£0.01°  7.23+0.01°  6.00+0.01°
Diet 111 52.75+0.012 10.75%0.012 7.35+0.01¢ 7.00+0.01¢ 7.45+£0.012
SD 0.01 0.01 0.03 0.01 0.01

Means on the same column with different superscripts are significantly different (p<0.5)

The results in Table 4 showed the
range of physico-chemical parameters of
the rearing water measured during the
course of the feeding trial. Results of the
water parameters indicated that temperature
ranged from 23.0 to 29.80°C in Diet I, 23.0
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to 30.30°C in Diet Il and 23.15 to 30.60°C
in Diet Ill. The pH values were Diet | (6.25
to 7.64), Diet Il (6.14 to 7.67) and Diet Il
(6.11-7.64). Dissolved oxygen ranged from
(4 .0 to 6.80 ml/l) in Diet 1, (4.40-6.00 mi/l)
in Diet Il and Diet Il (4.00-6.72 ml/l).
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Table 4: Water quality parameters of experimental tanks

Diets pH Conductivity (ps/cm) DO (mg/l) Temp. (°C)

Diet | 6.25-7.64 251-371 4.60-8.00 23-29.80

Diet Il 6.14-7.67 257-347 4.40-6.00 23-30.30

Diet Il 6.11-7.64 259-359 4.00-6.72 23.15-30.60
DISCUSSION dietary protein levels however depend on

The water quality measured for
all treatments were within acceptable range
for fish rearing (David, 2019). The
proximate composition of feedstuffs and
experimental diets revealed high nutrient
levels. This is an essential indicator for the
role of nutrients in fish as reported by Shaji
and Hindumathy (2013) and Ruth (2017).
Sufficient nutrients in the diets will play a
vital role in promoting fish growth,
reproduction and survival. Protein is an
indispensable nutrient which needs to be
incorporated in the diet at optimum
proportion to guarantee sufficient growth
and health of fish (Ogunji et al., 2008). In
this study, it was observed that growth
performance of C. gariepinus fingerlings
fed fish meal (clupeid) and cockroach meal
(Periplaneta americana) diets were higher
compared with soybean and groundnut
cake-based diets. The high nutrients content
in the test diets (cockroach meal-based diet)
could have contributed to high growth
performance of catfish fingerlings, which is
in agreement with the report of Tran et al.
(2015) that insects have high energy and
crude protein contents. Dietary protein thus
plays a significant role in supplying amino
acids for the biosynthesis of the body
proteins which are essential for growth of
fish (Alam et al., 2016). Moreover, the
amino acid profile of insect meal is
comparable to that of  fishmeal
(PROteINSECT, 2016). The optimum

138

the fish growth rate and protein quality
(Davis et al., 2009). This would have been
responsible for the low performance of fish
meal-based diet when compared with the
cockroach meal-based diet in this study.
Despite the high fat content of fish meal-
based diet, the tissue had a low-fat deposit
which is a direct reflection of its utilization
for energy (Robinson and Li, 2005; Miles
and Chapman, 2018). Similarly, the lipid
content of cockroach meal-based diet was
higher which could be due to better
utilization by the fish. Fish meal lipid’s
high-quality ~fatty acid enhances its
palatability and digestibility (Miles and
Chapman, 2018) which could be
responsible for more feed consumed as
observed in this study. Furthermore, the
linoleic acid in insect is not as good as that
in fish but better than in vegetable oils
(Tran et al., 2015). Ash content is a
measure of the total amount of mineral
elements such as calcium and phosphorous
within a feed (Obeng et al., 2015).
However, Kirirathnikom and Kiriratnikom
(2012) reported that high ash content of
more than 12% in feed produced better
growth performance in Clarias species.
Furthermore, Ali and Jauncey (2004)
observed that growth performance of C.
gariepinus was better on diet containing
9.3% ash content while Alam et al. (2012)
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reported that ash content in the feed of C.
gariepinus should not be less than 8% in
order to provide sufficient mineral for the
growth, survival of fish and good
performance of immune system and healthy
skin. The ash content of Diet 11l was in line
with all of these findings which could be
responsible for its best performance.
However, most insects except for black
soldier fly larvae have been reported to
have low calcium and phosphorus like
soybean and could affect growth and
development of fish (Tran et al., 2015).

Fibre is very important in fish feed as
it gives it the physical bulkiness, binding
and passage through the alimentary canal
(Ayuba, and lorkohol, 2012; Obeng et al.,
2015). However, fibre content of more than
8-12% in fish feed are not advisable as it
lowers digestibility of nutrients and slows
the growth (De Silva and Anderson, 1995
and Ruth, 2017). The fibre content observed
in this study was moderate for cockroach
meal-based diet compared to fish meal-
based diet and could be responsible for its
performance. Moreover, both fishmeal and
insect meal are low in carbohydrate which
makes them good alternative to plant-based
protein (Makkar et al, 2014;
PROteINSECT, 2016). The survival rate of
catfish fingerlings was higher on fish fed
cockroach diet which is in agreement with
report of Ruth (2017) when compared to
other experimental diets.

CONCLUSION

The assessment of nutrient utilization
of cockroach meal in the diet of Clarias
gariepinus fingerlings as an alternate
protein source to fish meal was evaluated.
The study revealed that, cockroach meal
can substitute fish meal without altering the
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growth and survival rate of the fish species.
However, further research should be
conducted on higher inclusion rates.

REFERENCES

APHA, (1990). American Public Health
Association. Standard Methods for
Examination of Water and Waste
Waters. 151 Edition, 87p.

Alam, S. M. D. Karim, M. H,
Chakrabortty, A., Amin, R. and
Hasan, S. (2016). Nutritional
characterization of the long-
whiskered Catfish Sperataaor: A
commercially important freshwater
fish of Bangladesh. International
Journal of Food Science and
Nutrition Engineering, 6 (1):1-8:

Ali, M. Z. and Jauncey, K. (2004). Optimal
dietary carbohydrate to lipid ratio in
African catfish Clarias gariepinus

(Burchell ~ 1822).  Aquaculture
International, 12 (2):169-180.
AOAC (2005). Official Methods of

Analysis of AOAC, International.
Arlington, V. A. AOAC
International.

Ayuba, V. O and lorkohol, E. K. (2012).
Proximate composition of Some
commercial fish feeds sold in
Nigeria. Journal of Fisheries and
Aquatic Science, 248-252.

Bender, A. E and Miller, D. S. (1953). A
brief method of estimating net
protein value. Biochemical Journal
53.

Brown, M. E. (1957). Experimental Studies
on growth. In: Hoar, W.S and D.J
Randell (Eds.) Physiology of Fishes.
Academic Press New York, pp 361-
400.



Orire et al., 2019 Journal of Aquatic Sciences, 34(2): 133-142
Effects of Replacing Fish Meal with Cockroach (Periplaneta americana) Meal in the Diet
of African Catfish (Clarias gariepinus) Fingerlings

David, C. (2019). Water Quality in
Aquaculture.  Extension  Aqua-
culturist,  Alabama  Cooperative
Extension System, Auburn
University In: Davies, D., Nguyen,
T. and Li, M. (Eds). Advances in
aquaculture nutrition: catfish, tilapia
and carp nutrition. New
Technologies  in  Aquaculture:
Improving Production Efficiency,
Quality and Environmental
Management, pp 440-458.

De-Silva, S. S. and Anderson, T. A. (1995).
Fish  nutrition in aquaculture.
Chapman and Hall, London, 31 pp.
Halver J. E (Ed.) (1989). Fish
Nutrition, 2" Edition. Academic
Press, New York. 875p.

Devendra, C. (1988). General approaches to
animal nutrition research and their
relevance to fish production in the
Asian Region In: De-Silva, S. S.
(Ed). Finfish Nutrition Research in
Asia Heinemannn Asia Singapore,
724p.

Ekelemu, J. K. (2010). Differential growth
patterns of Clarias gariepinus,
Heterobranchus  bidorsalis  and
hybrid Heteroclarias fed
commercially prepared diets. Agric.
Biol. J. N. Am., 1: 658-661.

El-Marakby, H. I., Eid, A. M., Abdelghany,
A. E. and Abdel-Tawwab, M.
(2006). The impact of striped
mullet, Mugil cephalus on natural
food and phytoplankton selectivity
at different feeding regimes in
earthen fishponds. J. Fish. Aquatic
Sci., 1: 87-96.

Fagbenro, O. A. and Davies, S. J. (2002).
Use of soybean flour (dehulled
solvent- extracted soybean) as a
fishmeal substitute in practical diet
for African catfish, C. gariepinus
(Burchell, 1822) growth, feed

utilization and digestibility. Journal
of Applied Ichthyology. 17: 64 69.

Food and Agriculture Organization (FAO),
(2014). The State of the World
Fisheries and Aquaculture. Rome.

Khan, M. N., Parveen, M., Rab, A., Afza,
m., Sahar, L., Ali, M. R. and Naqvi,
S. H. (2003). Effect of replacement
of fish meal by soybean and
sunflower meal in the diet of
Cyprinuscarpio fingerlings. Pak. J.
Biol. Sci., 6: 601-604.

Kiriratnikom, S. and Kiriratnikom, A.
(2012). Growth, feed utilization,
survival and body composition of
fingerlings of slender walking
catfish, Clarias nieuhofii, fed diets
containing different protein levels.
Songklanakarin Journal of Science
and Technology., 37-43.

Halver, J. E. (1989). Fish Nutrition, 2nd
Edition. Academic Press, New
York. 875p.

Madu. C. T. and Ufodike, E. B. C. (2003).
Growth and survival of Catfish
(Clarias anguillaris) juveniles fed
live tilapia and maggot
unconventional diets. Journal on
Aquatic Sciences, 18:47-51.

Madu, C. T., Sogbesan, A. O. and Ibiyo, L.
M. O. (2003). Some non-
conventional fish feed resources in
Nigeria. in: national workshop on
fish feed and feeding practice in
aquaculture, Eyo, A. A. (Eds.).,
FAO-National Special Programme
on Food Security, National Institute
for Freshwater Fisheries Research
Annual Reports, pp 73-83.

Makkar, H. P.S., Tran, G., Heuzé, V. and
Ankers, P. (2014). State-of-the-art
on use of insects as animal feed.
Animal Feed Science  and
Technology, 197: 1-33.



Orire et al., 2019 Journal of Aquatic Sciences, 34(2): 133-142
Effects of Replacing Fish Meal with Cockroach (Periplaneta americana) Meal in the Diet
of African Catfish (Clarias gariepinus) Fingerlings

Maynard, L. A., Loosli, J. K., Hintz, H. F.
and Waener, R. G. (1979). Animal
Nutrition. 71" Edition. McGraw-Hill,
New York. 620p.

Miller, D. S. and Bender, A. E. (1955). The
determination of the net protein
utilization by a shortened method.
British Journal of Nutrition, 9: 382-
388.

Miles, R. D. and Chapman, F. A. (2018).
The benefits of fish meal in
aquaculture diets. FA122 Series of
the Fisheries and Aquatic Sciences
Department, UF/IFAS Extension, pp
1-7

Obeng, A. K., Atuna, R. A. and Aihoon, S.
(2015). Proximate composition of
housefly (Musa domestica) maggots
cultured on different substrates as

potential feed for  Tilapia
(Oreochromis niloticus).
International Journal of

Multidisciplinary ~ Research  and
Development, 2(5):172-175.

Orire, A. M. and Ozoadibe, T. N. (2015).
Evaluation of Growth Performance
and Body Composition of Clarias
gariepinus Fed Graded Level
Inclusion of Soybean Waste.
Journal of fisheries and aquatic
science. 10 (5):384-391.

Orire, A. M. Sadiku, S. O. E. and Gana, S.
N. (2015). Evaluation of Growth
Performance and Body Composition
of Clarias gariepinus Fingerlings
Fed Graded Level of Bambara Nut
Meal (Vigna substrareana) Journal
of agriculture and food technology.

5(3): 7-13.
Ogunji, J., Rahat-UL-Ain, S. Toor, C. S.
and Kloas, W. (2008). Growth

Performance, nutrient utilization of
Nile tilapia, Oreochromis niloticus

141

fed housefly maggot meal (Mag-
meal) diets. Turkish Journal of
Fisheries and Aquatic Sciences
8:141-147.

Osborne, T., Mendel, L. and Ferry, E.
(1919) A method for expressing
numerically the growth promoting
value of proteins. Journal of
Biochemistry, 37: 223-2209.

PROteINSECT (2016) Insect Protein— Feed
for the Future. Minerva
Communications UK Ltd. Available
at:https://www.fera.co.uk/media/wy
siwyg/our-science/proteinsect-
whitepaper.

Robinson, E. H., and Li, M. H. (2005). A

summary of catfish nutrition
research  conducted under a
cooperative agreement between
MAFES and Delta Weastern
Research Center. Mississippi
Agricultural and Forestry

Experiment StationBulletin, 1144.
Robinson, E. H. and Li, M. H. (2012).
Composition and formulation of
channel catfish feeds. Mississippi
Agricultural and Forestry
Experiment Station Bulletin,1200
Rust, M. K., Reierson, D. A. and Hansgen,
K. H. (1991). Control of American
cockroaches ((Dictyoptera:
Blattidea) on sewers. Journal of
Medical Entomology, 28: 210-213.
Ruth, M. N. (2017). Comparative growth
performance of African Catfish
(Clarias  gariepinus)  fingerlings
offered different target diets. Master
degree Thesis of School of
Biological Science, University of
Nairobi, Kenya. 53p.
Shaji, S. A. and Hindumathy, K. H. C.
(2013). Chemical composition and
amino acid profile of Sardinella



Orire et al., 2019 Journal of Aquatic Sciences, 34(2): 133-142
Effects of Replacing Fish Meal with Cockroach (Periplaneta americana) Meal in the Diet
of African Catfish (Clarias gariepinus) Fingerlings

longiceps collected from western
coastal areas of Kerala, India.
Biology and Earth  Sciences,
3(1):129-134.

Sogbesan, A. O. and Ugwumba, A. A. A.
(2008). Nutrition evaluation of
termite  Macrotermes subhyalinus.
meal as animal protein supplements
in the diets of Heterobranchus

longifilis fingerlings. Turkey
Journal Fish Aquatic Science,
8:149-157.

Sorensen, M. (2003). Nutritional and
physical quality of fish feeds
extruded at various temperature.
(Ph.D  Thesis), Department of
Animal  Science,  Agricultural
University of Norway, Norway.

Suvitha, S., Eswar, A., Anbarasu, R.,

Ramamoorthy, R. and Sankar, G.
(2014). Proximate amino acid and
fatty acid profile of selected two
Marine fish from Parangipettai
Coast. Asian Journal of Biomedical

142

and  Pharmaceutical  Sciences,
4(40): 38-42.

Tran, G., Heuzé, V., Makkar, H. P. S.

(2015) Insects in fish diets. Animal

Frontiers, 5(2): 37-44.

U., Ndome, C. B. and Asuquo, P. E.

(2011). Use of  stochastic

programming in least-cost feed

formulation for African catfish

(Clarias gariepinus) in  semi-

intensive  culture  system in

Nigeria.Journal of Fisheries and

Aquatic Science, 6: 447-455.

Wang, Y., Kung, I.J., Li, C. and Bureau, D.
P. (2006). Effect of replacing fish
meal with soyabean meal on growth,
feed utilization and  carcass
composition of Cuneate drum
(Nibea milchthiodes). Aquaculture,
26:1307-1313.

Udo, I.

Received: 8" August, 2019; Accepted: 11™"
December, 2019.



