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Grow由 Performanceof Nile Tilapia Oreochromis niloticus 

Juveniles fed Sweet Potato and Soy Sauce 

By幽 productMeal Diet in a Flow Through System 

Gabriel Gana BAKE1， Masato END01， Atsushi A即MOT02and Toshio TAf住UCHI1，*

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 l aquari句

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土osc.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 be仕erthan 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 

atlention 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 
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aquaculture industry. The inclusions of uncon剛

ventional plant ingredient sources depend on 

other factors such as the nutrient content of 

the plant， processing conditions and economic 

feasibi1ity (El-Sayed 1999). Tilapia is one of the 
most cultured合eshwaterfish in the world and 

can be grown year round with some variabili匂r

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 Council1993). It also 
effectively utilizes alternative feed ingredients 

such as rice， cocoa， various flours， and soya-nut 

oil (J ackson et al. 1982; Brown 1983). 

The sweet potato， !pomoea batatas L. is 

cultivated in over 100 countries and ranks 
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fifth among the most important food crops in 

tropica1 areas (An 2004). The carbohydrate of 

sweet potato is high1y digestib1e and solub1e. 

立is10w in fibre and consists predominantly 

of starch with 4 -7% of it occurring as sugar 

(Oyenuga 1978)， which consists of a 1arge 

extent of non-protein nitrogen. According to 

Ful1er and Chamberlain (1982)， sweet potato 

amino acid profi1e shows good nutritiona1 qua1-

ity although 10wer 1eve1 of tryptophan and tota1 

su1phur when compared to the reference amino 

acid profi1e. Sweet potato is moderate1y high in 

ascorbic acid， carotene and also contョinsother 

vitamins such as thiamine， ribof1avin and niacin 

(Fuller and Chamberlain 1982). The nutritive 

quality of sweet potato is reduced by the effect 

of anti欄nutritivefactors， which can be reduced 

by oven drying， sun drying or hot air drying 

during feed ingredient processing. 

With the advancement in techno1ogy more 

efficient ways to reuse food by網productshave 

been deve1oped. 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 usefu1 by-product containing good nutritive 

rich fat， high anti oxidant fat-so1ub1e vitamin E 

as well as vitamin K1 which is indispensab1e for 

b100d coagulation and a 10t of isof1avone that is 

antioxidant and acts like fema1e hormone (Luh 

1994; Esaki et al. 2004). It is usual1y discarded 

but with an improved dehydration method it 

can be dried after fermentation without 10sing 

its nutritiona1 qualities. 

Although these materia1s are avai1ab1e， 1itt1e 

or no information exists on their use as fish feed 

ingredient. This study was conducted to eva1uate 
出epotentia1 use of sweet potato and soy sauce 

by-product in the practica1 diet of juveniles 0. 

niloticus through their growth performance. 

Materials and Methods 

Sweetρotato 
The sweet potatoes used for this experiment 

were collected from Indonesia. This varie句Tis 

main1y cultivated for starch production with a 

high root yield and high starch content. Fresh1y 

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 byψroduct 
Soy sauce by-product was produced at Yamasa 

Corporation and processed by Nippon Formu1a 

Feed Mfg. Co. Ltd. After the fermentation of soy-

bean and soy sauce extraction， the residua1 cake 

was collected， dried and recycled by dehydration 

to reduce the moisture to a very 10w 1evel. 

Experiment，αl diets 
The diets used in this experiment were 

manufactured and produced at the Laboratory 

of Formu1a Feed Mfg. Co. Ltd. Five experimen-

ta1 diets D1-D5 were formu1ated with sweet 

potato of 0， 10，20 and 30% and a mixture of 10% 

soy sauce by-product and 20% sweet potato， 

respectivel手 Thesediets were formu1ated as 

shown in Tab1e 1 and pelleted using an extruder 

machine (DNDG-62; Buh1er AG， Switzerland). 

A commercia1 extruded pellet diet was used as 

the control (D6). 

Experimental conditions andβsh reαring 
The experiment was carried out at the 

Laboratory of Fish Cu1ture， Tokyo U出 ersity

of Marine Science and Techno1ogy， Japan. A 

freshwater f1ow-through system with filtered 

and dech10rinated tap water at 9l/h was used 
for the study. This consists of twelve 30 l aquari-

ums and water temperature was maintained at 

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

Dietcode 
Ingredients 

D1 D2 D3 D4 D5 D6 

Wheatmeal 46.0 36.0 26.0 16.0 17.8 
Sweet potato 0.0 10.0 20.0 30.0 20.0 
Soybean meal 10.0 10.0 10.0 10.0 10.0 -て+4ー4 コJ 

Corn gluten meal 5.7 5.7 5.7 5.7 5.7 
Fish meal 30.0 30.0 30.0 30.0 30.0 
Soybean oil 4.0 4.0 4.0 4.0 3.0 
Vitamin premix * 1 0.5 0.5 0.5 0.5 0.5 
Chorine chloride (50%) 0.5 0.5 0.5 0.5 0.5 
Mineral premix吋 3.3 3.3 3.3 3.3 3.3 
Soy sauce by-product 10.0 

Total 100.0 100.0 100.0 100.0 100.0 
*1 Ogino and Yang (1978). 
* 2 Ogino et al. (1979) 



Sweet Potato and Soy Sauce by-product Meal Diet 195 

25:t 0.5
0

C 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 1ight and 12 h 

dark cycle (8: 00 -20: 00) throughout the expe子

iment. The water temperature and dissolved 

oxygen in the system were monitored weekly. 

The tilapia 0. niloticus juveni1es (average 

weight: 2.9 g) used for this experiment were 

obtained from pure幽bredtilapia broodstock， held 

at the laboratory. Twenty fish were stocked in 

each 30 1 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， ]apan) to observe 

the growth changes and feed performance. 

Biochemicαlαnαlyses 

The experimental diets were subjected to 

chemical analysis. Proximate analysis and 

1ipid analysis were carried out according to 
the methods of Takeuchi (1988) and Folch et 

al. (1957). For fat句Tacid profile analysis， crude 

lipid was saponified using 50% ethanol to pre-

pare methyl esters with 7% boron trifluoride 

in a methanol solution (BF 3-methanol). The 

fa句Tacid profile was determined using gas 

liquid chromatography (GC開 14A; Shimadzu 

Corporation， Kyoto， ]apan). An amino acid 

auto analyzer (JLC-500V; ]OEL Ltd.， To勾0，

]apan) was used to determine the constitutional 

amino acids of the diets in accordance with the 

method described by Simpson et al. (1976). 

Evαluαtion ofgrow的戸αrameters

Growth performance and diet nutrient uti-

lization were analyzed in terms of weight gain 

(WG)， feed efficiency (FE)， specific growth rate 

(SGR) ， feed intake (FD and protein efficiency 

ratio (PER). The following formulas were used: 

Weight gain (%) = 
(final weight (g) -initial weight (g)) / 

initial weight (g) x 100 

Feed efficiency (%) = 
(weight gained (g) / feed fed (g)) x 100 

Specific growth rate (%) = 

((ln final weight (g) -ln 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) 

St，αtisticαlαnαlyses 

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閏

tiple comparison test. Level of significance was 

tested atPく0.05.

Results and Discussion 

Except for D6 (control)， which is a com-

mer・cialdiet， 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 
fedjuv'eniles 0. niloticus for 42 days (g/100 g) 

Diet code D1 D2 D3 D4 D5 D6 

p仰'ximatecomtosition 
Crude protein 39.70 38.89 37.17 35.37 38.04 52.00 
Crude lipid 8.33 8.27 8.51 7.93 8.23 12.26 
Starch 37.13 22.31 22.68 28.41 15.89 18.20 
Ash 8.27 9.04 9.07 8.94 8.42 12.20 
Moisture 6.50 6.64 6.85 6.24 6.61 6.76 

Essential amino acid 
Arginine 2.65 2.92 2.82 2.74 2.58 3.15 
Lysine 4.23 4.28 4.20 4.16 4.80 4.31 
Histidine 1.72 1.53 1.73 1.72 1.84 1.70 
Phenylalanine 2.37 2.61 2.44 2.32 2.40 2.51 
Leucine 2.55 3.00 2.68 2.43 2.53 3.98 
Isoleucine 3.10 3.26 3.09 3.09 3.02 2.23 
Methionine 1.07 1.06 0.89 0.11 1.09 1.51 
Valine 2.30 2.26 2.29 2.05 2.22 2.54 
Threonine 3.26 3.20 3.31 3.09 3.30 3.49 
Tryptophan 0.63 0.50 0.66 0.54 0.99 1.04 

Non-essential amino acid 
Taurine 0.09 0.08 0.08 0.07 0.11 0.50 
Alanine 1.84 2.18 1.96 1.85 1.90 3.36 
Glycine 1.57 1.85 1.60 1.60 1.71 3.25 
Glutamic acid 5.91 6.81 5.81 5.17 5.52 7.49 
Serine 1.41 1.67 1.47 1.37 1.49 2.24 
Aspartic acid 3.65 3.20 3.84 3.83 3.88 4.85 
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Table 3. The results of growth performances of juvenile 0. niloticus in the 42 days feeding 

Diet Av. body weight (g) Body Specific Total feed Feed Protein 

code weightgain growth intake efficiency efficiency 
Initial Final (%) rate (%) (g/fish) 例) ratio 

D1 2.90:!: 0.04 20.9土2.0cd 620.7:!:2.0cd 5.47 :!: 0.23cd 16.1:!: 2.10b 111.9:!: 2.5b 3.11土0.02
D2 2.91 :!:0.01 18.6ごとO.4bc 539.2:!:0.4bc 5.15 :!: 0.08bc 14.6:!: 0.38ab 107.3:!: 0.2ab 3.10:!: 0.01 
D3 2.97:!:0.01 19.2:!: 0.3bc 456.5 :!: 0.3bc 5.19:!: 0.05bc 15.6:!: 0.67b 104.5:!: 2.7ab 3.15:!: 0.04 
D4 2.96:!:0.04 16.7:!:0.5ab 464.2 :!: 0.5ab 4.81:!: 0.04ab 13.8:!: 0.04ab 99.3:!: 3.3a 3.24土0.03
D5 2.94:!: 0.04 14.7:!: 1.4a 400.0:!: 1.5a 4.47:!:0.03a 11.4:!: 0.34a 103.2 :!: 0.6ab 3.16:!:0.02 
D6 2.93:!: 0.03 22.4:!: 0.7d 664.5:!: 0.7d 5.65:!: 0.05d 14.3:!: 0.93ab 136.4:!: 4.4c 3.00土 0.01

Mean:t S.D. (n=2) 
Values in the same column with different super SCI旬tletters are significantly different (P< 0.05)企omeach other. 
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Fig. 1. Growth curves of juveniles 0. niloticus during the 
6-week feeding tria1. 

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欄

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 betler 

than D4， which has higher starch content. 

The food quali句Tof 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欄

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 0. 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 fat匂Tacid 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く

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幽

ings of Gerpacio et al. (1978) where two-week 

old broi1ers (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:tOSC and 

the dissolved oxygen 6.6 -8.3 mg/l 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闘

ment， the diets were accepted and ingested feeds 

actively by the fish， although the acceptability 

d紅白.samong 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).τbe inclusion level of sweet potato does 

not affect the palatabi1ity 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 s仕ongoffensive smell was attribuι 

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 palatabi1ity 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幽

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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ティラピア Oreochromisniloticus稚魚の成長に対する

飼料用甘薯および醤油粕添加飼料の有効性

Gabriel G. BAKE .遠藤雅人・秋元淳志・竹内俊部

テイラピア Oreochromisniloticus稚魚用飼料への餌料用甘薯と醤油粕の添加効果を検討するため

に， 5種類の試験飼料を用いて 6逓聞の飼育試験を行った。飼料はタンパク質35%，指質7.5%に調整

したものを使用し，試験区 D1-D5には甘薯0%，10%， 20%， 30% (D1 D4)，甘薯20%と醤油粕

10% (D5) を添加した 5種類の試験飼料を，対照区には市販飼料を給与した。飼育試験は，魚、体重

約 3gのティラピア稚魚、を30l 水槽に収容し，水温25
0

C，照明12L:12Dで、行った。飼育終了時の増重率，

餌料効率，成長率，摂餌量は，対照区で最も高い値を示した。試験飼料を給餌した区では， Dlで最

も高い値を示し， D5で最も低い{直を示した。また， D2とD3の嵩に有意差は認められず， D4や D5

よりも高い値を示した。これらの結果から，小麦を甘薯で10-20%代替できることが明らかとなり，

ティラピア稚魚、の飼料として飼料用甘薯が使用可能であると考えられた。また，醤油粕は独特の臭い

を取り除くことが出来れば使用できると考えられた。
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