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Original Research Article
Growth performance and nutrient utilization efficiency of Clarias gariepinusjuvenile fed

Bombyx mori (Mulberry silkworm) meal asa partial replacement for fish-mealfishmeal-

ABSTRACT

A 56-day (Eight weeks) trial was carried out toedetine the growthperformanceand nutrient
utilization of Clarias gariepinuguveniles fedBombyx morimeal (BMM) as a replacement for
fishmeal. Fiveexperimentaldiets were formulatedt various level of inclusion d#5%, 50%,
75% and 100% oBMM _designated as diets B, C, D, E respectivéhe control diet (diet A)

was 100%Fheseincluded100% fishmeahs-contre{A % BMM-inclusion(B 0% BMM

The experimental fish
were collected from...... and stocked in ..... with stockdencity of ..... andwith-the-fsh fed x
times a dawt5% of their body weight. The effect of the diets on the grovited utilization

efficiency, carcass and mineral compositions of the fish weeduated. The results showed that
mean weight gain, specific growth rate and progdfitiency ratio of fish fed the experimental
diets differed significantly (£ 0.05) when compared with the control. In this giuéplacement

of fishmealwith 25% BMM gave the best result while 100%, 75% and 50% gatierbresult

than the control. Also, carcass yield and mineegasitions differed marginally in the fish fed
the various diets. It can be inferred from thisdgtthatB. morilarvae have the potential to be
used as a protein source and can replace and ladittér growth trends in fish more than the

conventional fishmeal without any problem with growth.

Keywords: Growth response, Nutrient utilization, Bombyx m&iarias gariepinus

INTRODUCTION

The rapid world-wide expansion of aquaculture temme with the global demand of fish is a
indication of an impending pressure on #gua-feed industries in the near future. Since many
fisheries are overfished, aquaculture is recogniasdthe only feasible option to meet the

increasing demands for aquatic foods (Allan, 20Ddebbakiet al, 2010). Feed is one of the

31 | major inputs in aquaculture productiamehowever, fish feed technology is one of the least
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development sector of aquaculture particularly fnica and other developing countries of the
world (Gabrielet al, 2007). It was reported by Ahmad and Diab (2008} the feeding cost in
aguaculture represents over 50% of the operatishafdish farming. Fishmeal as a raw material
is the choice in aquaculture due to its high quatitotein with balanced amino acid profile
(Gatlin et al, 2007). According to Goytortu'a, (2006), the puotion of fishmeal has been
relatively stable in the last two decades but tiwdasing demandould-not-be-matatin-the
preset-world-due to increased aquaculture. Moreover, the cofislineal is increasing which
renders the use of alternative protein source whighlocal, cheap and unsuitable for direct
human consumption inevitable to make up for thertslge of fishmeal and secure the stable

supply for commercial feeds (Hardy, 2006).

| Many works have been done on the nutritional vaifienany alternative feed ingredierts -~ { Formatted: Space After: 8 pt ]

supplement the dietary fishmeal-based di€tsveral esearchs have shown that alternative
protein sources derived from grains such as coheaty barley, soy bean, cotton seed, fishmeal,
and animal rendering products such as mechanidalyoned meal, poultry by-product meal,
meat and bone meal, maggot, Bambara groundnut,catc.be used to formulate nutritious
aguaculture feed at various levels of inclusiondififerent feedsFor instanceYang (2004)
reported that diets with 20% of fishmeal replacgdnieat-and-bone meals produced growth
equivalent to the control diet @ibel carp.Kasperet.al., (2007)also reportedhat up to 47.6%
of the fishmeal could be replaced with sbgan meal in the diets of yellow perchefca

} flavescenswithout affecting the feed consumption, weighingdeed efficiencyerandsurvival
of the fish.Nibea miichthioidesand Carassius auratus gibeligrew well on diets with 50% of
the fishmeal replaced by poultry- by- product m@shnget al. 2006; Yanget al, 2004). Also,
Oso et al., (2013) showed thaClarias gariepinusfingerlings fed up to 75% inclusion of
Bambara groundnut in fish feed was satisfactordlyegptable without affecting growth and feed

utilization.

| Moreover insects are important source of food to many anspaties including man (Adedire -~ { Formatted: Space After: 8 pt ]

and Aiyesanmi, 1999). Their larvae may constituth@aper source of essential nutrients that are
easily available and affordable to the natives initlhe localities where the insect larvae are

found and could form a base for new food produétsamsiderable nutritive value (Ekpo and

’ Onigbinde, 2007)Bombyx morian be used for the production of silk anda&e proteinaceous - { Comment [KBW1]: Please revise this sentences |
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in nature. The

larvae undergo spinning, vomiting #ilk fibere into liquid substance tdorm

cocoon so that they will not emerge out and devéhop adult stage called moth. The dead

larvae in the cocoon are removed by riling machind the silk is separated while the dead
larvae are used for production of fish feed. Thgdive of this study ishereforeto determine
the optimum level of fishmeal replacement wBbmbyx morias protein source in the diet of
Clarias gariepinus The aim is to evaluate the growtlerformanceof Clarias gariepinus
juvenile fedBombyxmori as a protein source at different levels of indosso as to make
cheaper and qualitative supplementary feeds availebculture fish species with a view to

bridging the gap between protein supply and consiempthrough reduction in cost of

production in the aquaculture sector.

MATERIALSAND METHODS

Experimental Site- The experiment was carried out at the postgradtesgearch laboratory of

Zoology Department, Ekiti State University, Ado-ittkor a period of 56 days (eight weeks)

for the experiment. Water was maintained at 1&dittevel throughout the experiment and a

mosquito mesh was used to cover the bowls to pdeghwedators from entering into the bowls

and fish jumping out as well.

Feed Preparation:

The feed ingredients usédr this studywere purchased from Metro Vet Consultant Limited in

Ekiti State while theexeeptBombyx moriwhich-was purchased from Ekiti State Sericulture

Project. The la

rvaef Bombyx morwere killed during the process of cooking so thatytwere

#net-emerge-eut-oftay inthe cocoorie- and thus, the silk was nateid damagée-te-the-sik
Inside the cocoon, the larvae were oven dried % &fdthenremoved from the cocoohater

it was pulverized and analyze@+its proximate compositiomecerdingusingte-the procedure
used bysf APHA (2006) as shown imtablel. Feed ingredients were finely ground and mixed

together in appropriate proportions after which thigture was pellete@l.8mm diamater) and

then sun dried.

-

five treatments (5x3=15)

_ | Comment [KBW3]: It was better to dry at room
temperature since sun drying affect it national
content
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Table 1: Proximate Composition of Bombyx mori larvae

Compositioncempenents %lamvae
% dry matter 87.50

% crude protein 69.52

% crude filere 5.01

% ether extracts 11.12

% ash 7.88

Experimental Fish- Clarias gariepinusjuvenile were used for the experiment. One hundred
fifty mixed sex juvenile with average weight of @2were obtained from a hatchery in Ado-
Ekiti. The fish were acclimatized for two days implastic bowl during which they were not fed
in order to empty their gut and prepare their appéor the new feed. The fish were randomly
stocked at the rate of ten (10) juveniles per bdwike initial mean weight of fish in each bowl
was taken and recorded. Fish were fed at 5% of boely weight twicea daypn-daily-basisthat

is, morningfrom {08:00 — 09:00 ainand eveningrom {17:00 — 18:00 pm Subsequent weight
and standard length measurements were taken eweel and the rationsf the feed were
adjusted accordingly to fish weight gaiortality of the fish was recorded daily. In addition,
water in the experimealtbowls was renewed totally on daily basis to remaneonsumed food

particles and faecal materialad thus good water quality parameters were maiedai

Experimental Design and Diets — The experiment consisted of five treatments whttee (3)
replicates.Each of the five experimentadliets containedBombyx morias fishmeal substitute
except the controAll t heexperimentatiets were formulated to contaiommon basal diets and

different proportionof Bombyx mdras shown in Table 2. Each of the diets was aedlyp
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determine the proximate composition. The variowdsdivereformulated to contai®%, 25%,
50%, 75% and 1009Bombyx mordesignated aBiets A (control), B, C, D and E respectively.

- [ Formatted: Font: Not Bold

o [ Formatted: Font: Not Bold

INGREDIENTS DIET A DIET B DIET C DIET D DIET E
Control 0%  25%. mori 50%B.mori 75%B. mori 100%B. mori
Fish meal 10 7.5 5 2.5 -
B. mori - 25 5 7.5 10
Maize 11 11 11 11 11
Rice bran 7 7 7 7 7
‘BlOOd meal 16 16 16 16 1@ 77777777 __ -~ | Comment [KBW41]: | doubt its reality. How you
Soya bean 15 15 15 15 15 change Fish meal 65 to blood meal?
Groundnut 38 38 38 38 38
Bone meal 1 1 1 1 1
Salt 1.33 1.33 1.33 1.33 1.33
Lysine 0.37 0.37 0.37 0.37 0.37
Methionine 0.1 0.1 0.1 0.1 0.1
Vitamin C 0.1 0.1 0.1 0.1 0.1
Vitamin premix 0.1 0.1 0.1 0.1 0.1
Total 100 100 100 100 100

Data collection and analysis

Sampling- All the fish were sampled eveweek tomeasure their body weiglising manual

weighing balanceBody length was measured using a measuring boatbetmearest 0.1cm.

Mortality of the fish was also recorded daily. lsdétion, physico-chemical parameters including

temperature, pH and dissolved oxygen were monitareekly during the experiment. Based on

the data collected, growth performance, feed atilan efficiency and survival rate of fish were

calculated as:

Weight gain (WG) = Final weight of fish — Initialeight of fish

h {Formatted: Space After: 8 pt

Percentage weight gain (%WG) = [(Final weight +ti&thiweight)/ Initial weight)] x 100
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Percentage specific growth rate (%SGR) = [(Log-MLog W)/ T>— T1)]x 100

Feed conversion ratio (FCR) = Dry weight of feedtal weight gained by fish

Protein efficiency ratio (PER) = Total weight gaghby fish/ Protein intake < {Formatted: Space After: 8 pt

Where:
W, = Weight of fish at time T(final)
W, = Weight of fish at time T(initial)

T = Period of experiment in days

“ e {Formatted: Line spacing: 1.5 lines

Statistical Analysis

The growth performance and feed utilization paramgetvere analyzed by univariate analysis
using SPSS version 17. Univariate analysis is #bknalyze two parameters simultaneously to
see if there are strong and meaningful links betvteem. The significant difference used was at
the 0.05 level of probability.

RESULTS

The mean values arowth rate, feed conversion ratio and proteincedficy ratio ofClarias
gariepinusjuveniles fed the fiveexperimentaldiets (A, B, C, D and E) for eight weeksere
calculated and summarized in TableTBe result showshat weight gain, % weight gain, the
specific growth rate (SGR), protein efficiency ocaéind food conversion ratigere significantly
affected by the type of feed provided for the fi$he highest weight gain was recorded in fish
fed with diet B (3.05) followed by diet E (2.85) ihthe lowestvalue was recorded in diet C
(2.33). Fish fed with diet B had the highest increase ircgatage body weight gain (45.05)
followed by diet E (38.41). The lowest value of 3L was recorded in diet A. A similar trend
was observed for the specific growth rate and praéficiency ratio in which the highest mean
of 2.00 and 0.086 was recorded with diet B follovilgddiet E (1.76 and 0.080). Fish fed with
diet A revealedthe least S.G.R. and protein efficiency ratio {lathd 0.064) respectively. The



191
192
193

194
195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211
212

213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230

highest value ofeed conversion raticd(35 was achieved with the fish fed diet D followed by
diet C (3.84)nfeed-conversionratioThe lowest value (2.79) was recorded with diet E.

Table 3: Mean growthperformanceand feedutilization |Efficiency of Clarias gariepinus
juvenite.
Parameters Diet A Diet B Diet C Diet D Diet E

Initial weight 7.2 6.77 7.17 7.33 7.47

Final weight 9.58 9.87° 9.50 9.77" 10.27

Weight gain 2.2% 3.08 2.33 2.44 2.8%

% Weight gain 31.1% 45.0% 32.56¢ 33.29 sgat
Specific growth rate  1.47 2.00 1.53° 1.56° 1.76

Protein efficiency

Ratio 0.064 0.086 0.065 0.068 0.086¢°

Feed conversion ratio 3.55 3.12 3.84 438 2.79

and low in diet A (35.21).

A

Table 4:Pproximate composition of experimental feed

Meanvalues with the same alphaletcrossows are not significantly different atF0.05

The Pproximate composition ofll the experimental feed isummeredshownin tTable 4. The
ash content was very high in diet A and low in dewith 11.95 and 9.84 respectivelyhile the
percentage fat was high in diet E (3.70) and lowligt A (3.563). The highest ahmawvestcrude
protein was recorded in diet A (37.70) while 35w recorded for both dieb and E. Diet C
and B gave the highest (7.2ind 6.74) andlowest (6.40 and 6.42) fer-moisture content and
percentage fire respectively. The percentage soluble carbohydrate high in diet B (37.73)

Parameters Diet A Diet B Diet C Diet D Diet E
Ash 11.98 10.24 11.3%° 9.84 10.23
Moisture 6.54 6.4¢ 7.37 6.86 7.22
Crude protein 35.70 35.60 35.506 35.46 35.46
Fat 3.58 3.63 3.58 3.60 3.7G

| Fibere 6.54 6.42 6.74 6.64° 6.57

[ Formatted: Font: Not Bold
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CHO 35.2% 37.73 35.76 36.2% 37.72

| Meanvalues with the same alphalsetcrossows are not significantly different atF0.05

The proximate composition @larias gariepinuguvenile flesh issummarizedhewnin Ttable

5. The highest ash content was recorded in diet@*?@) and théowestin diet E (15.49)while
the highest moisture content was recorded in di€t1A41) andowestin diet D (10.26). Diet E
had the highest crude protein (67.54yhile thelowest was recorded in diet D (66.34). The
highest andowest percentage fat was recorded in die{Z/76) and Cwith-5-76-and(5.39
respectively. The percentage soluble carbohydratewery high in diet C (1.80) and low in diet

D (0.42). Low mortality was also observed in al¢ tieatments throughout the period of the
| experiment. Diet D had the highest mortality of38%, while Diet B recorded the lowest rate of
6.67%.

| Table 5: Proximate composition of experimental fish

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A __=

Parameters Diet A Diet B Diet C Diet D Diet E
Ash 15.35 16.39 15.35 16.44 15.49
Moisture 11.41 11.38 10.64° 10.26 10.69°
Crude protein 66.49 66.79 66.62 66.34 67.54
Fat 5.58 5.4% 5.39 557 5.76
CHO 0.88 0.41 1.8¢ 0.42 0.53

| Meanvalues with the same alphalsetcrossows are not significantly different atF0.05

DISCUSSION AND CONCLUSION
In the present study, fish fed the various dietsagid increase in weight without any external
sign of nutritional deficiencyven thoughgrowth performances of fish fed tiBombyx mori
diets with up to 100% replacemevdried and even better in terms of weight gain, % weight
gain, specific growth rate and protein efficien@tie when compared with the control. This
shows the possibility of using. morias alternative protein source in the dieCofgariepinusas

it contains all the necessary nutrients that acpiired for growth. Orilogborand Adewole

[Formatted: Font: Not Bold
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(2011) reported that insect meals have a highel lelvmethionine, lysine and valine compared
to soybean meal. Theresentstudy showed significant differences (P<0.05) irovgh
performance oflarias gariepinusfed the experimental diet at various inclusionBofmori as
diet B, E, D and C were shown to be more significghan diet A (control) in terms of weight
gain, percentage weight gain, specific growth eate protein efficiency ratiolhis result agrees
with the work of Olaniyi and Babasanmi (2013) olkworm meal used as a replacement for
fishmeal in the diet of African Catfish up to 100%he best performance of fish walsserved in
25% inclusion of BMM. This supports the work of ®eganet.al. (2006) that replacement of
fishmeal with 25% maggot meal gave the best perdoce in the fish. Also, more than 25%
BMM inclusion gave a better growth performance whempared with control. This contradicts
the report made by Sogbesanal. (2006) that higher replacement levels than 25% mesj
gave a lower growth.

The Clarias gariepinusjuvenile fed diet D (i.e. 75% inclusion Bbmbyx moi showed superior
feed conversion ratio. This agreed with the figdiof Davies & Gouveia (2010) who worked
on the dietary nitrogen utilization in African dah fed oil seed meal diets under sub- optimal
growth condition consistent with a restricted regjirtt was stated that fish fed the experimental
diets showed superior feed conversion ratio. Tlelt®f the proximate composition of carcass
of fish fed experimental diets showed significaiffedence at various levels dB. mori
inclusion. This however disagreed with the work eltnyy Nwanna (2003) where he reported no
significant difference (P<0.05) in the carcass cosifion and mineral deposition @larias
gariepinus fed chemically preserved shrimp head waste sildigés. Also, the higher lipid
deposits in the carcass of fish fed experimentaisdshowed better growth in terms of weight
which may be due to lipid rather than crude protgéin. This is supported by the report of
Adeparusi and Agbede (2004) on growth, nutriedization and carcass crude protein deposit in
Oreochromisniloticus fed diets with leaf protein cake which showed tleatf proteins made
from Gliricidia and Leucaenacould be viable means of improving fish feed eslscfor

herbivorous fish likéD. niloticus.

Alse—The result of this studglso showed the preference @flarias gariepinusjuvenile for
small amount of lipids in their diet for growth lerse the highesirowth performancevas
observed in fish fed diet B. This may be attribuigthe fact that the lipids of animal origin such

[Comment [KBW7]: ???

[ Comment [KBW8]: Avoid this and use and
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as silkworm have shorter chain and lower degrdatbf acids rather than Omega 6-fatty acid in
contrast to terrestrial animalhich require long chain of omega 6- fatty acidar{azawa,
1993).

In conclusionalthough25% gave the best resuitthis present study, howev&00%, 75% and
50% levels of replaceent offish meal proteirBombyx morin the diet ofClarias gariepinus
juvenile are acceptable to the fish without affecting the growtid feed utilization. This will
ultimately reduce the cost of fish meal to be ideld in the diet and consequently reduce the cost
of fish production. It can be said that whatevesweasponsible for a drop in weight gain and
feed utilization of fish fed diet C (50®. moriinclusion) could be taken care of by using a loette
processing method. MoreoveB, mori replacement can be tested later stage othe fishto

make a general conclusion.
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