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Growth Performance of Nile Tilapia Oreochromis niloticus
Juveniles fed Sweet Potato and Soy Sauce
By-product Meal Diet in a Flow Through System

Gabriel Gana Bake!, Masato ENpo?, Atsushi Akimoto? and Toshio TAKEUCHT" *

Abstract: A 6-week feeding trial was conducted to evaluate the potential to use sweet potato and
soy sauce by-product as an ingredient in the diet of Oreochromis niloticus juveniles. Five experi-
mental diets D1 — D5 were formulated with 0, 10, 20 and 30% sweet potato, and a mixture of 10% soy
sauce by-product and 20% sweet potato, respectively. A commercial extruded pellet diet was used as
the control (D6). O. niloticus juveniles with an initial weight of about 3 g were reared in 30 / aquari-
ums illuminated by overhead fluorescent lights to maintain a constant photoperiod of 12 h light
and 12 h dark cycle. Water temperature was maintained at 25+ 0.5C. The control commercial diet
showed the best growth performance. Among the formulated experimental diets, D1 had the best
growth performance and D5 had the lowest growth performance in terms of the growth param-
eters measured. Whereas there was no significant difference between D2 and D3, but the perfor-
mance in both diets was much better than D4 and D5. These results demonstrated that a 10 —20%
inclusion of sweet potato meal could be used as a replacement of wheat meal in practical diets for
juvenile O. niloticus. With an appropriate recycling method, soy sauce by-product can be used as a
fish food ingredient if the offensive odours are removed.
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Aquafeed production is currently one of the
fastest growing agricultural industries, with an
annual estimated growth rate of 30% per year
(De Silva and Anderson 1994). Feed occupied
majority of the principal cost in finfish aquacul-
ture (Cowey 1992). The search for alternative
feed resources in aquafeed is gaining more
attention since conventional ingredients are
becoming more costly, less affordable and less
available (Alexis et al. 1985; Olvera-Novoa et al.
1990; Fontainhas-Fernandes et al. 1999; El-Sayed
1999; Naylor et al. 2000; Middleton et al. 2001,
Rinchard et al. 2002; Ali et al. 2003; Adewolu
2008). The use of alternative ingredients that
reduce feed costs yet maintain adequate levels
of growth and production can have a marked
impact on the sustainability and profitability of

aquaculture industry. The inclusions of uncon-
ventional plant ingredient sources depend on
other factors such as the nutrient content of
the plant, processing conditions and economic
feasibility (El-Sayed 1999). Tilapia is one of the
most cultured freshwater fish in the world and
can be grown year round with some variability
in fish yields depending upon seasonal differ-
ences (Green et al. 1990). Moreover, tilapia is
capable of digesting high levels of carbohydrate
in its diet (Brett and Groves 1979; Anderson et
al. 1984; National Research Council 1993). It also
effectively utilizes alternative feed ingredients
such as rice, cocoa, various flours, and soya-nut
oil (Jackson et al. 1982; Brown 1983).

The sweet potato, Ipomoea batatas L. is
cultivated in over 100 countries and ranks
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fifth among the most important food crops in
tropical areas (An 2004). The carbohydrate of
sweet potato is highly digestible and soluble.
It is low in fibre and consists predominantly
of starch with 4—7% of it occurring as sugar
(Oyenuga 1978), which consists of a large
extent of non-protein nitrogen. According to
Fuller and Chamberlain (1982), sweet potato
amino acid profile shows good nutritional qual-
ity although lower level of tryptophan and total
sulphur when compared to the reference amino
acid profile. Sweet potato is moderately high in
ascorbic acid, carotene and also contains other
vitamins such as thiamine, riboflavin and niacin
(Fuller and Chamberlain 1982). The nutritive
quality of sweet potato is reduced by the effect
of anti-nutritive factors, which can be reduced
by oven drying, sun drying or hot air drying
during feed ingredient processing.

With the advancement in technology more
efficient ways to reuse food by-products have
been developed. The production of soy sauce
usually gives rise to the production of soy sauce
cake. It has been reported that soy sauce cake
is a useful by-product containing good nutritive
rich fat, high anti oxidant fat-soluble vitamin E
as well as vitamin Kj which is indispensable for
blood coagulation and a lot of isoflavone that is
antioxidant and acts like female hormone (Luh
1994; Esaki et al. 2004). It is usually discarded
but with an improved dehydration method it
can be dried after fermentation without losing
its nutritional qualities.

Although these materials are available, little
or no information exists on their use as fish feed
ingredient. This study was conducted to evaluate
the potential use of sweet potato and soy sauce
by-product in the practical diet of juveniles O.
niloticus through their growth performance.

Materials and Methods

Sweet potato

The sweet potatoes used for this experiment
were collected from Indonesia. This variety is
mainly cultivated for starch production with a
high root yield and high starch content. Freshly
harvested sweet potatoes were collected, sorted

out, washed, chopped into pieces and hot air
dried to reduce the effect of trypsin and then
ground into a powder.

Soy sauce by-product

Soy sauce by-product was produced at Yamasa
Corporation and processed by Nippon Formula
Feed Mfg. Co. Ltd. After the fermentation of soy-
bean and soy sauce extraction, the residual cake
was collected, dried and recycled by dehydration
to reduce the moisture to a very low level.

Experimental diets

The diets used in this experiment were
manufactured and produced at the Laboratory
of Formula Feed Mfg. Co. Ltd. Five experimen-
tal diets D1—D5 were formulated with sweet
potato of 0, 10, 20 and 30% and a mixture of 10%
soy sauce by-product and 20% sweet potato,
respectively. These diets were formulated as
shown in Table 1 and pelleted using an extruder
machine (DNDG-62; Buhler AG, Switzerland).
A commercial extruded pellet diet was used as
the control (D6).

Experimental conditions and fish rearing

The experiment was carried out at the
Laboratory of Fish Culture, Tokyo University
of Marine Science and Technology, Japan. A
freshwater flow-through system with filtered
and dechlorinated tap water at 9//h was used
for the study. This consists of twelve 30 [ aquari-
ums and water temperature was maintained at

Table 1. Formulation of the experimental diet for juveniles
O. niloticus

Diet code
Ingredients

DI D2 D3 D4 D5 D6
Wheat meal 460 360 260 160 17.8
Sweet potato 0.0 10.0 20.0 30.0 20.0
Soybean meal 100 100 100 100 100 =
Corn gluten meal 57 57 57 57 57 ;;
Fish meal 30.0 300 300 300 300 T
Soybean oil 40 40 40 40 30 g
Vitamin premix ** 05 05 05 05 05 £
Chorine chloride (50%) 05 05 05 05 05 O

Mineral premix *2 33 33 33 33 33
Soy sauce by-product - - - - 100

Total 100.0 100.0 100.0 100.0 100.0 -

*1 Ogino and Yang (1978).
*2 Ogino et al. (1979).
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25=0.5C using electric heaters. The aquari-
ums were provided with continuous aeration
through an air blower. Illumination was sup-
plied by overhead fluorescent lights to maintain
a constant photoperiod of 12 h light and 12 h
dark cycle (8:00—20:00) throughout the exper-
iment. The water temperature and dissolved
oxygen in the system were monitored weekly.

The tilapia O. niloticus juveniles (average
weight: 2.9 g) used for this experiment were
obtained from pure-bred tilapia broodstock, held
at the laboratory. Twenty fish were stocked in
each 30/ aquariums with a flow through system
for six weeks. Fish were weighed individually
at the beginning and thereafter at two-week
intervals using an electronic balance (EB-3200D;
Shimadzu Corporation, Kyoto, Japan) to observe
the growth changes and feed performance.

Biochemical analyses

The experimental diets were subjected to
chemical analysis. Proximate analysis and
lipid analysis were carried out according to
the methods of Takeuchi (1988) and Folch et
al. (1957). For fatty acid profile analysis, crude
lipid was saponified using 50% ethanol to pre-
pare methyl esters with 7% boron trifluoride
in a methanol solution (BFsmethanol). The
fatty acid profile was determined using gas
liquid chromatography (GC-14A; Shimadzu
Corporation, Kyoto, Japan). An amino acid
auto analyzer (JLC-500V; JOEL ILtd., Tokyo,
Japan) was used to determine the constitutional
amino acids of the diets in accordance with the
method described by Simpson et al. (1976).

Evaluation of growth parameters

Growth performance and diet nutrient uti-
lization were analyzed in terms of weight gain
(WQ), feed efficiency (FE), specific growth rate
(SGR), feed intake (FI) and protein efficiency
ratio (PER). The following formulas were used:
Weight gain (%) =

(final weight (g) — initial weight (g)) /

initial weight (g) < 100
Feed efficiency (%) =

(weight gained (g) / feed fed (g)) < 100
Specific growth rate (%) =

((In final weight (g) —In initial weight (g)) /
feeding period (day) x 100

Feed intake (mg/fish/day) =
dry feed (mg) fed / number of fish / feeding
period (day)

Protein efficiency ratio =
wet body weight gain (g) / protein intake (g)

Statistical analyses

Data were analyzed using a one way analysis
of variance (ANOVA) using SPSS, version 11.0
(SPSS Inc., Illinois, USA). Differences between
treatments were compared by Tukey’s mul-
tiple comparison test. Level of significance was
tested at P < 0.05.

Results and Discussion

Except for D6 (control), which is a com-
mercial diet, all the formulated diets used in the
present study were isonitrogenous. The chemi-
cal composition of the diets indicates increase
in the inclusion level of sweet potato in D2, D3,
and D4 led to an increase in the level of starch
content, while inclusion of 20% sweet potato and

Table 2. Proximate composition of the diets (%) and
constitutional amino acid content of the experimental diets
fed juveniles O. niloticus for 42 days (g/100 g)

Diet code D1 D2 D3 D4 D5 D6

Proximate composition
Crude protein 39.70 38.89 37.17 35.37 38.04 52.00

Crude lipid 8.33 827 851 793 8231226
Starch 37.13 22.31 22.68 28.41 15.89 18.20
Ash 8.27 9.04 9.07 894 8.42 12.20
Moisture 6.50 6.64 6.85 6.24 6.61 6.76
Essential amino acid
Arginine 265 292 282 274 258 3.15
Lysine 423 428 420 416 4.80 431
Histidine 1.72 153 1.73 1.72 184 1.70
Phenylalanine 237 261 244 232 240 2.51
Leucine 255 3.00 2.68 243 253 3.98
Isoleucine 3.10 326 3.09 3.09 3.02 2.23
Methionine 1.07 1.06 0.89 0.11 1.09 1.51
Valine 230 226 229 205 222 254
Threonine 326 320 331 3.09 3.30 3.49
Tryptophan 0.63 050 0.66 054 099 1.04
Non-essential amino acid
Taurine 0.09 0.08 0.08 0.07 0.11 0.50
Alanine 1.84 218 196 1.85 1.90 3.36
Glycine 1.57 1.85 1.60 1.60 1.71 3.25
Glutamic acid 591 6.81 581 517 552 7.49
Serine 141 1.67 147 137 149 224
Aspartic acid 3.65 320 3.84 3.83 3.88 4.85
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Table 3. The results of growth performances of juvenile O. niloticus in the 42 days feeding
Di Av. body weight (g) Body Specific Total feed Feed Protein
1et . . . . .
code nitial Final weight gain growth intake efficiency efficiency
nitia na %) rate (%) (g/fish) %) ratio

D1 290£0.04  209%2.0 6207+2.0%  547+023¢ 161+2.10° 111.9+25" 3.11%0.02
D2 291+0.01  186+04™ 539.2+04"  515+0.08 14.6+0.38 107.3+0.2"  3.10+0.01
D3 297001  19.2+0.3" 4565+0.3"  519+0.05°° 156+0.67° 104527  3.15+0.04
D4 296£0.04 16705 464.2+05%  4.81+0.04" 13.8+0.04®® 99.3+3.3? 3.24%0.03
D5 294+£0.04  147+14*  400.0+1.5 447+£0.03*  11.4£034* 103.2x0.6*  3.16=0.02
D6 293£0.03  224=0.79  664.5+0.7¢ 5.65+0.05¢  14.3+0.93" 136.4%4.4° 3.00+0.01

Mean =S.D. (n=2).

Values in the same column with different super script letters are significantly different (P<<0.05) from each other.

25r

Diet code

Average body weight (g)

0 2 4 6
Feeding period (week)

Fig. 1. Growth curves of juveniles O. niloticus during the
6-week feeding trial.

10% soy sauce in D5 had lower starch content.
This further affirms that soy sauce ingredient
is not a starchy material. Carbohydrate is the
least expensive form of dietary energy for both
human and domestic animals, but their utiliza-
tion by fish varies and the potential for their use
in diets remains unclear (Shiau 2002). It has
been reported that starch utilization by tilapia is
significantly higher than glucose (Shiau 2002).
Studies also show that tilapias have relatively
long digestive tract that allows the establish-
ment of polysaccharide, hence its ability to
effectively utilize starch materials. However in
the context and the result of this study show
that among the formulated diets the high starch

content in the diet may not be the only reason
for the weight gain since D2 and D3 did better
than D4, which has higher starch content.

The food quality of a diet is directly propor-
tional to its ability to support growth, and its
dietary content is of paramount importance.
One of the limiting growth factors in fish is pro-
tein, and it is well known that 10 standard amino
acids are essential for building new tissues (Lu
et al. 2002). Table 2 compares the constitutional
essential amino acid (EAA) composition of the
diets with the minimum quantitative require-
ment of O. niloticus reported by Santiago and
Lovell (1988). The good growth of tilapia fed the
diets in this study indicated that the EAA values
of these diets were sufficient despite being
lower than the recommended EAA requirement
levels for O. niloticus except for D4, which was
very low in methionine and tryptophan. The
richness of these diets in the essential amino
acids is evident in the growth performance of
fish fed the experimental diets. Therefore a pro-
gressive reduction in the growth performance
in accordance with the inclusion level may not
be necessary due to deficiency of amino acid
in the diets. This is in agreement with El-Sayed
(1999) that most plant sources of ingredient in
tilapia feeds may usually not be deficient in EAA
but in minerals. The fatty acid compositions of
the experimental diets agree with the minimum
requirements of essential fatty acid for tilapia
according to Takeuchi (1997).

The growth performances of juvenile
Oreochromis niloticus in terms of WG, SGR,
FE, FI and PER are shown in Table 3 and Fig.
1. Juvenile O. niloticus fed the commercial diet
(D6, control) gave the best growth performance.
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Among the formulated experimental diets, juve-
nile O. niloticus fed on D1 had the highest WG,
SGR and FI while D5 had the lowest WG, SGR,
and FI. However, there was no significant (P<<
0.05) difference among D1, D2 and D3.

FE decreased with increase of the inclusion
level of sweet potato. There was no significant
difference between D2 and D3, D5, however
obviously it was much better than D4. This
indicates that D5 has a high nutritive content
and its low intake may be responsible for low in
WG and SGR. This result is similar to the find-
ings of Gerpacio et al. (1978) where two-week
old broilers (chickens) were fed sweet potato
root meal replacing 0, 50, 75 and 100% of corn
for six weeks. The growth performance of the
birds fed sweet potato decrease with increase
in sweet potato inclusion but can be used as a
good source of ingredient in the diets of the
birds. Olukunle (2006) reported that increasing
the inclusion of sweet potato peels in the diet of
advance fry of Clarias gariepinus reduced their
growth performance. When the PER was com-
pared with the control, there was no significant
difference among treatments (P>0.05).

No fish mortality was recorded during the
feeding trial in all the treatments. Moreover, all
the experimental fish remaining in the tanks
were morphologically normal at the end of the
feed trial. The water temperature 25+0.5C and
the dissolved oxygen 6.6 — 8.3 mg/I were within
the acceptable range for tilapia culture (Balarin
and Hatton, 1979).

In summary, the growth performance of O.
niloticus fed diet with sweet potato and soy sauce
by product as presented in Table 3 shows that
there was no feed rejection during the experi-
ment, the diets were accepted and ingested feeds
actively by the fish, although the acceptability
differs among the treatment as could be seen in
their total feed intake. When plant materials are
used in fish diets, one common problem is the
palatability of the diet (Rodriguez-Serna et al.
1996). The inclusion level of sweet potato does
not affect the palatability of the diet as the fish
fed better on D3 than D2. There was no signifi-
cant difference between D2 and D4. The unpal-
atable odour from the inclusion of soy sauce

by-product might be responsible for the lowest
FI of D5. The strong offensive smell was attribut-
able to the production of the soy sauce through
fermentation, which the dehydration process
during recycling process could not remove.
Proper processing of feed ingredients usually
increases the palatability of a diet (Fagbenro
1999; Francis et al. 2001; Siddhuraju and Becker
2003). Another factor may be the use of high salt
content during soy sauce production, according
to Hano et al. (2004) one of the major constrain
of using soy sauce cake for livestock feeding is
the presence of high salt content found in the
cake, since chlorine in the soy sauce cake is usu-
ally as high as 5— 7%, this may have likely affect
the ability of the fish to feed effectively on the
diet. The high FI obtained in this study may be
ascribed to the processing technique employed
during the feed formulation with extrusion
process. This may have reduced the effect of
anti-nutritive factors in the sweet potato roots.
In conclusion, the results of this study demon-
strate that 10 —20% of sweet potato can be used
to replace wheat meal in the fish diet, and can
also be used effectively as an ingredient in the
practical diet of juvenile Oreochromis niloticus.
However, a method should be developed to
reduce the unpleasant smell that characterizes
the high-nutritive soy sauce ingredients.
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