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Iρng-term Feeding of the Yellowtail Seriolαquinquer，αdiαtα 

with Soy Protein Concentrate-based Non-fishmeal Diet 

Supplemented with Taurine 

Shusaku TAKAGr1・ 5・*, Hisashi MuRATA2, Takanobu GoTo3, Hideo HArATE2, 

Hirofumi YAMASHITA1, Al<lra TAKANo2 and the！蹴MasaharuUKAwA4 

Abstract: Previous studies have shown that the growth performance of the yellowtail Serio la quin-
queradiata fed non-fishmeal (non-FM) diets was improved by supplementing with dietary taurine. 
However, it has not been determined whether yellowtail can be reared from juveniles to adults on 

non-FM diets supplemented with taurine. The present study evaluated the growth performance of 

yellowtail fed a soy protein concentrate (SPC）・basednon-FM diet supplemented wi出 taurinefor 65 

weeks from juveniles to adults. Juvenile宣sh(initial body weight, 470 g) were fed with the taurine-

supplemented SPC-based non-FM （お） diet or an FM diet.官1eTS group could be reared for 65 

weeks. However, the growth rate of出eTS group was markedly lower than that of the FM group; 

the hemochemical indices, condition factor, and hepatosomatic index of the τ'S group were lower 
than those of the FM group because the lipid content of the τ'S diet was too low for yellowtail to 
grow sufficiently. These results show that yellowtail can be reared from juveniles to adults on an 

SPC-based non-FM diet by supplementing with taurine, suggesting that the growth performance 

and physiological conditions of yellowtail fed a TS diet could be improved by increasing the dietary 

lipid content. 

Key words: Yellowtail; Long幽termevaluation; Non－宣shmealdiet; Taurine 

Fishmeal (FM) is highly nutritious for fish, 

and formulated feeds for mariculture con-

tain high levels of FM as the protein source 

(Watanabe 2002; Tacon and Metian 2008; Fujise 

and Kanmuri 2010). In recent years, how-

eve乙thehigh worldwide demand for FM has 

made it difficult to ensure a consistent supply. 

Therefore, sustainable development of aqua-

culture, the mariculture industry in particular, 

depends on the creation of formulated feeds 

containing lower amounts of FM (Watanabe 

2002; Tacon and Metian 2008; Fujise and 

Received 14 February 2013; Accepted 5 September 2013. 

Kanmuri 2010). 

Previous studies have shown that FM in fish 

feeds could be substituted with plant proteins, 

and several treatments, such as amino acid 

supplementation of plant proteins (Hosokawa et 

al. 2001a), heating and pur坦cation(Shimeno et 

al. 1995), and combined use of alternative pro-

tein sources (Watanabe et al. 1994; Hosokawa 

et al. 2001b), were effective for replacing FM. 

However, the yellowtail Serio/a quinqueradiata, 

an important mariculture fish species in Japan, 

could not be successfully reared on low-or 
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non-FM diets with alternative protein sources 

created using the above treatments. This is 

because the宣shexhibited poor growth perfor-

mance and high incidences of green liver symp-

toms and serious anemia, thereby increasing 

the mortality rate (Maita et al. 1997; Watanabe 

et al. 1998; Aoki et al. 2000). 

To develop high-quality diets containing 

lower amounts of FM for fish, we have inten-

sively examined taurine deficiency as the cause 

of the physiological abnormalities and poor 

grow仕l performance of fish fed such diets, 

because FM is rich in taurine, but plant pro-

tein sources are not (Yamamoto et al. 1998). 

Further, taurine plays numerous physiological 

roles但uxtable1992）.百ieability to synthesize 

taurine in vivo is species-specific in fish and is 

markedly low or negligible in carnivorous fish 

species, including yellowtail (Goto et al. 2001a; 

Yokoyama et al. 2001; Takagi et al. 2005). Green 

liver symptom and anemia in yellowtail fed 

soy protein concentrate (SPC）ゐasednon-FM 

diets were shown to be caused by a reduction 

in bile pigment excretion from the liver and 

hemolytic overproduction of bile pigments due 

to taurine deficiency (Takagi et al. 2005, 2006). 

These physiological abnormalities and the poor 

growth performance of fish fed SPC-based 

non-FM diets were improved by supplement-

ing with dietary taurine (Takagi et al. 2005, 

2006). The grow吐lperformance of yellowtail 

fed SPC diets was improved by supplement-

ing with taurine up to 4.5% of the total diet, but 

further supplementation with taurine did not 

improve their growth performanceσakagi et 

al. 2006). In addition, yellowtail could be reared 

for 39 weeks with a 4.5% taurine引 1pplemented

SPC-based non-FM diet, and the growth pe子

formance of the fish was slightly lower, but not 

significantly different than that of fish fed an 

FM-based diet (Takagi et al. 2008). 

Generally, in yellowtail aquaculture, wild 

seeds are caught between May and June, 

reared for more than 1 yea乙andharvested 

from the end of the next year (Nakada 2008). 

Hence, the present study evaluated the growth 

performance of yellowtail reared from juve-

niles to adults on an SPC-based non-FM diet 

supplemented with taurine comprising 4.5% of 

the total content, by continuously rearing a part 

of the experimental groups of a previous study 

(Takagi et al. 2008). 

Materials剖 idMethods 

E功erimentaldiets 
The ingredients and composition of the two 

experimental diets were the same as those 

of the previous studyσakagi et al. 2008). A 

non-FM diet containing 58% SPC (Danpro A, 

Aarhus Olie, Aarhus, Denmark) as the protein 

source was supplemented with 4.5% taurine 

（τ'S diet）σable 1) and a diet containing 58% 

FM (Chilean jack mackerel meal) as the pro-

tein source was used as the control diet (FM 

diet). The TS diet was supplemented with 

DL-methionine and L-lysine hydrochloride based 

on the methionine and lysine levels in the FM 

diet但osokawaet al. 2001a). These diets were 

made into extruded pellets. Five lots (lots 1-5) 

were prepared for the TS diet and 4 lots (lots 

1-4) were prepared for the FM diet to prevent 

quality deterioration (Table 2), and the lots 

were stored at 20℃until use. 

The proximate composition of each experi-

mental diet was determined as follows: (1) 

moisture content, the diet was oven-dried at 

105℃ until its weight became constant; (2) 

crude protein content, Kjeldahl method; (3) 

crude fat content, Soxhlet extraction method 

Table 1. Formulation of the experimental diets (%) 

Ingredient τ'S FM 

Fish meal a 
Soy protein concentrate b 

Starch 
Dextrin 
Sardine oil c 
Vitamin mixture d 

Mineral mixture d 

Feeding stimulant d 

L-Lysine hydrochloride 
DL-Methionine 
Taurinee 
α－Cellulose 

a Chilean jack mackerel meal. 

0 
58 

5 
6 

18 

3 
2 

0.4 

1 
0.53 
4.5 

1.57 

b Danpro A:, Aarhus Olie Co., Aarhus, Denmark. 
cueda Seiyu Co., Kobe, Japan. 
d See Takagi et al. (2005). 
e Ajinomoto Takara Co., Tokyo, Japan. 

58 

0 

5 
6 

14 

3 
2 

0.4 

0 
0 
0 
11.6 
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using diethyl ether; ( 4) crude carbohydrate con-

tent, glucose content after hydrolyzing the diet 

by boiling in 1 N sulfuric acid for 4 h; and (5) 

crude ash content, heating the diet in a muffle 

furnace at 600℃ until its weight became con-

stant.τ'he crude protein content of the τ'S diet 

was slightly higher [ 45-50% dry matterのM)]

than that of the FM diet (41-43% DM) due to 

the nitrogen (N) content of the supplemental 

taurine in the TS diet, since the protein content 

was calculated as N×6.25. The crude fat con-

tents (D M) of lots 3 and 4 of the TS diet were 

11.8% and 15.3%, respectively, and were lower 

than those of lots 1-4 of the FM diet (19-24% 

DM) due to a technical problem in preparing 

the experimental diets. The crude carbohy-

drate content of the τ'S diet was higher than 

that of the FM diet because of the difference 

in the crude carbohydrate content between 

the protein sources (Shimeno et al. 1995). The 

digestible energy content (kcal/kg diet) was 

3780-4170 for the TS diet and 3800-4070 for 

the FM diet.τ'he digestible ener田rcontent was 

estimated based on the following energy values 

(kcal/ g): protein, 4.5; fat, 8.0; and carbohydrate, 

2.8 (Shimeno et al. 1980). The calorie to protein 

(C/P) ratio of the τ'S diet was approximately 90 

except for the C/P ratios of lots 3 and 4 of the 

τ'S diet, which were 76.1 and 85.7, respectively. 

百ieC/P ratio of the FM diet was 90.7-99.8. The 

taurine content (g/kg diet) was 31.3-43.0 for 

the TS diet and 2.17-3.26 for the FM diet. 

Fish and feeding conditions 

Two dietary groups from the previous study 

(Takagi et al. 2008) were continuously reared 

until 65 weeks; i.e., juvenile fish with an initial 

mean body weight of 4 70 g were kept in 2 rep-

licated floating net cages (3 m×3m×3 m) for 

each dietary treatment. Each cage contained 60 

fish.τ'he宣shwere fed the experimental diets 

to satiation once a day and 5 days a week for 65 

weeks from September 2001 to December 2002. 

The water temperature during the experimental 

period ranged from 13.9℃to 26.3℃． 

Sαmplingandαnαlytical methods 
In each group, 22-30 fish per cage were 

weighed individually each month. Moreover, 

5 fish from each cage at the end of the experi-

ment (65th week) were sampled.百iesefish 

were starved for 48 h prior to sampling and 

anesthetized using 0.4 ml/! 2同phenoxyethanol

during sampling. The body weight, fork length, 

and liver weight of the宣shwere measured indi-

vidually. The fish were also examined for green 

Table 2. Proximate composition of the experimental diets (% dry matter) 

Diet a Iρtl Iρt2 Iρt3 Iρt4 

τち
Crude protein 46.4 45.4 49.7 46.0 
Crude fat 18.2 19.9 11.8 15.3 
Crude carbohydrate 21.8 19.2 21.5 23.0 
Ash 5.5 5.6 6.0 5.8 
Digestible energy 4150 4170 3780 3940 
(kcal/kg) b 

C/P ratioc 89.4 91.9 76.1 85.7 
Taurine (g/kg) 43.0 36.5 35.6 34.1 

FM 
Crude protein 41.7 40.8 43.2 40.6 
Crude fat 21.7 23.9 20.3 18.8 
Crude carbohydrate 13.3 11.4 12.6 16.6 
Ash 10.4 10.6 11.0 10.1 
Digestible energy 3980 4070 3920 3800 
(kcal/kg) b 

C/P ratioc 95.4 99.8 90.7 
Taurine (g/kg) 2.17 3.26 2.46 

•Five sep訂atelots were prepared for the τ'S diet and 4 for白eFM diet to prevent quality deterioration. 
b Digestible energy (kcal/ g): protein, 4.5; fat, 8.0; and carbohydrate, 2.8 (Shimeno et al. 1980). 
ccalorie (kcal/kg) to protein(%) ratio. 

93.6 
2.46 

Iρt5 

44.4 
18.3 
18.8 
5.8 

3990 

89.9 
31.3 
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liver symptoms. The growth and feed perfor-

mances were calculated as follows: 

Condition factor = 103×body weight (g) I [fork 
length (cm) ]3 

Hepatosomatic index (HSI, %) = 102×liver 

weight (g) /body weight (g) 

Specific growth rate (SGR, %) = 102×(ln Wf-

ln Wi)/t 

Feed conversion ratio (FCR) = dry feed intake 

(g) /wet weight gain (g) 

Protein efficiency ratio (PER) = wet weight 

gain (g) /protein intake (g) 

Mor臼lity(%) = 102×number of dead fish/ Ni 

Daily feed intakeのFI,g feed/100 g BW I day) 
= 102×dry feed intake/[t×0.5×（日ゲ＋ Wi）× 

0.5×（NJ＋均］

Daily energy intakeのEI,kcal/100 g BW/day) 

= 102×digestible energy intake/ [t×0.5×（WI 
+ Wi）×0.5×（Nf+Ni)] 

where t represents the number of rearing days, 

Wi represents the initial body weight，日グrep-

resents the final body weight, Ni represents 

the initial number of fish, and Nf represents the 

宣nalnumber of fish. 

The hepatic and plasma taurine concentra-

tions (Sakai and Nagasawa 1992), hematological 

and hemochemical variables (Goto et al. 2001b), 

and serum osmolality and osmotic tolerance 

of the erythrocytes (EC50 value) (Takagi et al. 

2006) were measured according to the methods 

described in the references in this papeι 

Stαtis ticαlα%α：lysis 

Data for each group were presented as the 

mean values of the duplicate cages. The statisti-

cal difference between the TS and FM groups 

was determined by a two-sided Student’s t-test. 

Statistical analysis of the difference was pe子

formed using 4 Steps Excel 2nd edition (OMS 

Publishing Inc., Saitama, Japan), and the differ-

ences were considered significant at P < 0.05. 

Resul白

Gγowthαnd feeding peγfoγ悦αれces

The palatabili句rof the experimental diets was 

not in血iencedby dietary treatments.τbe mor-同

tality of the τ'S group (6.7%) was similar to that 

of the FM group (9 .2%) at the end of the experi-

ment (Table 3）.百iegrowth of the τ'S group 

was retarded after February 2002, particularly 

after August 2002, compared to the FM group 

(Fig. 1). In each measurement period, the SGR, 

DFI, and DEI of the TS group tended to be 

lower than those of the FM group throughout 

the experiment (Fig. 2). In particular, the SGR 

of the TS group was 20-50% that of the FM 

group between August and December 2002. 

The DEI of the TS group was approximately 

85% that of the FM group between June and 

November 2002, except for the period between 

July and August 2002, when it was approxi-

mately95%. 

At the end of the experiment (65th week), 

the SGR of the TS group was significantly lower 

than that of the FM group (Pく 0.01)(Table 3). 

The FCR of the TS group was inferior to that of 

the FM group, although the difference was not 

significant. The PER of the TS group was sig-

nificantly lower than that of the FM group (Pく

0.05). 

Condition fiαctoγα汎dHSI 

At出e65th week, the condition factor of the 

TS group was significantly lower than that of出e

FM group (Pく0.05)(Table 4）.τbe HSI of the 

TS group was lower than that of the FM group, 

although the difference was not significant. 

Table 3. Growth performance and feed utilization of yellowtail fed the experimental diet for 65 weeks t 

Body weight (g) Specific Feed Protein Diet ！坦 growth rate(%) conversion efficiency ratio 
Mortality (%) 

Initial Final ratio 

TS 2 482 1991 ** 0.31 ** 3.10 0.69* 6.7 

FM 2 468 3206 0.42 2.36 1.02 9.2 
一一τbevalues represent仕1emeans of 2 net cages. The means with asterisks in the same column are significantly different(*, P<0.05; * *, 
P<0.01). 
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Table 4. Body indices and hepatosomatic index of yellowtail used in biochemical analysis at the end of the experiment 1 

Hepatosomatic index 

（%） 

Condition 
factor 

Fork length 
(cm) 

Bodyweight 
(g) 

n Diet 

15.3* 49.4 ＊ネ1856* * 0.88 2 TS 

1.08 

TThe values r巴presentthe means of 2 samples, each of which contained 5 fish. The means with asterisks in the same column are 
significantly different(*, P<0.05; * *, P<0.01). 

18.1 56.3 3229 2 FM 
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Fig. 2. Changes during the measurement periods in (A) 
the daily feed intake, (B) the daily ener幻rintake, and (C) 
the specific growth rate of yellowtail fed the experimental 
diets for 65 weeks. Closed column represents TS group, 
and open column represents FM group. Relative value （・）
represents the ratio of the TS group to the FM group (%). 

Values with asterisks at the same period are significantly 
different ( *, Pく0.05;* *, P< 0.01). 
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Table 5. Taurine concentrations in plasma and liver of 
yellowtail fed the experimental diets at the end of the 
experiment「

SOX  DJ  F:UAMJ  J AS  Ol'i"D 

Liver (mg/ g) 

2.30* * 

Taurine concentration 

Plasma (μg/ml) 
n Diet 

1.60 

「Thevalues represent the means of 2 samples, each of which 
contained 5 fish. The means with asterisks in the same column 
are significantly different ( * *, P < 0.01). 

48.3 

42.7 

2 

2 

TS 

FM 

Fig. 1. Changes in the mean body weight and the sched 

ule of the lot of the experimental diets given to yellowtail 

for 65 weeks. Dietary groups are TS （・） and FM （・）．

Dotted line represents water temperature. The values with 

asterisks at the same period are significantly different 

(*,P<0.05; **,P<0.01). 

R日 ringperiod(Mont註）
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Table 6. Hematological characteristics of yellowtail fed the experimental diets at the end of the experiment t 

Diet n RBC (106 cells/mm3) Hb (g/100 ml) Ht(%) MCV (μm3) MCHC (%) MCH (pg) 

TS 2 3.58 * 15. 7 46.6 * * 130 * 33. 7 43.8 
FM 2 4.01 19.0 56.4 141 33.7 47.4 

1 The values represent the means of 2 samples, each of which contained 5 fish.τ'he means with asterisks in白esame column are 
significantly difたrent(*,Pく0.05;**, pく0.01).

Tαurine cone側tγαtionsin the争las：悦 ααndli悦 γ

At the 65th week, the plasma taurine con-

centration of the TS group was similar to that 

of the FM group (Table 5). The hepatic taurine 

content of the TS group was significantly higher 

than that of the FM group (Pく 0.01).

Incidence of green liver symptoms and 
hematological characteristics 
At出e65血 week,green liver symptoms were 

not observed in either group (data not shown). 

百iered blood cell count侭BC),hematocrit 

value但t),and mean co叩uscularvolume (MCV) 

of the TS group were significantly lower白m

those of the FM group (Pく0.05,pく0.01,and 

Pく0.05, respectively) (Table 6）.官官 hemo-

globin concen仕組on但b)of the TS group was 

lower than出atof the FM group, although the 

difference was not significant. The mean co叩us-

cular hemoglobin concentration (MCHC) and 

the mean corpuscular hemoglobin (MCH) of the 

TS group were similar to仕ioseof the FM group. 

Table 7. Osmotic tolerance of erythrocytes (EC50) and 
serum osmolality of yellowtail fed the experimental diets 
at the end of the experiment t 

Diet n EC50 a Serum osmolality b 

TS 2 0.54 404 
FM 2 0.47 402 

Tτ'he values represent the means of 2 samples, each of which 
contained 5 fish.τ'he differモncesbetween the 2 groups were not 
statistically significantσ＞0.05). 
a The values were measured as the sodium chloride 
concentration (g/100 mのat50% hemolysis. 
b官1evalues were measured as mOSM/kg. 

EC50vαlue and serum osmolality 
At the 65出 week,the EC50 value of the TS 

group was higher白anthat of the FM group, 

although the difference was not significant 

(Table 7）.百ieserum osmolality of the TS 

group was similar to that of the FM group. 

Hemochemical characteristics 
At the 65th week, the total protein and total 

cholesterol concentrations in the plasma of the 

TS group were significantly lower than those of 

the FM group (Pく0.01）σable8）.百iealbumin 

and triglyceride concentrations in the plasma of 

the TS group were lower than those of the FM 

group, although the differences were not sig-

n国cant.The glucose and blood urea nitrogen 

(BUN) concentrations in the plasma of血eTS 

group were similar to those of the FM group. 

Discussion 

In previous studies (Maita et al. 1997; 

Watanabe et al. 1998; Aoki et al. 2000), yel-

lowtail could not be reared for more than 7 or 

8 weeks on alternative protein-based non-FM 

diets, since the fish fed such diets suffered from 

high incidences of green liver symptoms and 

serious anemia, resulting in a high mortality 

rate. However, the physiological conditions and 

growth performance of yellowtail fed an SPC-

based non-FM diet were markedly improved 

by supplementing dietary taurineぐTakagiet al. 

2005, 2006). Thus, the fish could be reared for 

Table 8. Hemochemical characteristics of yellowtail fed the experimental diets at the end of the experiment t 

Diet Total protein Albumin Total cholesterol Triglyceride Glucose BUN 
n 

(g/100 mの (g/100 mの (mg/100 mの (mg/100 ml) (mg/100 ml) (mg/100 ml) 

TS 2 3.11 ** 0.87 188** 58.3 120 10.8 
FM 2 4.46 1.38 361 92.9 129 13.3 

1The values represent the means of 2 samples, each of which contained 5 fish. The means with asterisks in the same column are 
significantly different ( * *, Pく0.01).
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39 weeks on an SPC diet supplemented with 

4.5% taurine (Takagi et al. 2008). In the present 

study, although the experiment (feeding仕ial)

was extended until 65 weeks, neither green 

liver symptoms nor anemia was observed in 

the TS group, which received the 4.5% taurine 

supplemented SPC diet, and the mortality rate 

of the TS group was similar to that of出eFM 

group. These results show that yellowtail can be 

reared for 65 weeks on an SPC-based non-FM 

diet by supplementing with taurine. This is the 

first study showing that yellowtail can be reared 

for a long period, from juveniles to adults, on a 

non-FM diet. However, the growth rate of the 

TS group sharply decreased after August 2002, 

and the growth performance of this group was 

markedly inferior to that of the FM group by 

the 65th week. 

The poor growth performance of the TS 

group was not caused by dietary taurine defi-

ciency, because the tissue taurine concentration 

of this group was similar to or higher than that 

of the FM group at the 65th week. The SGR, 

DFI, and DEI of the TS group tended to be 

lower than those of the FM group throughout 

the experiment. A recent study (Nguyen et al. 

2011) showed that yellowtail fed diets in which 

FM was partially replaced with soybean protein 

had slow growth due to the adverse effects of 

the undigested high-molecular-weight fraction 

(HMF) of the soybean protein, which resulted 

in a decrease in the bile acid level and lipid 

digestion, even though the diets contained tau-

rine. In addition, during the period in which the 

TS diet with a low crude fat content was used 

after June 2002 in particular, the SGR of the TS 

group was markedly lower than that of the FM 

group after August 2002. The optimal levels of 

dietary protein and lipids for yellowtail were 

reported to be 45-55% and 15-30%, respectively 

(Takeuchi 2001). Moreover, the optimal level 

for the C/P ratio for yearling yellowtail (BW 

1700--3900 g) was 93-107 for diets with a crude 

protein level of 45-49%のM)(Chubu Shiryo 

2002). In the present study, the crude protein 

content in the experimental diets was calculated 

as N×6.25, but taurine is not a constituent of 

protein (Huxtable 1992). Therefore, the actual 

crude protein content of the TS diet without 

counting taurine was estimated to be 42-47%, 

which is 2-3% lower than the crude protein 

value shown in Table 2. However, the actual 

crude protein content of the TS diet was similar 

to or slightly higher than that of the FM diet. In 

addition, bacteria utilize taurine as an energy 

source, but higher organisms such as mam-

mals are unable to oxidize taurine (Huxtable 

1992). Since fish cannot oxidize taurine, they 

are unable to use taurine as an ener田rsource 

(Van Waarde 1988). Hence, the actual digestible 

energy content of the TS diet without count-

ing taurine was estimated to be 3670-4060 

kcal/kg, which is 100--140 kcal/kg lower than 

the digestible energy content shown in Table 

2. In particular, without counting taurine, the 

actual digestible energy contents of lots 3 and 

4 of the TS diet, which were used between 

June and November 2002, were estimated to 

be 3670-3890 kcal/kg due to the low crude fat 

content in the diet.官1eC/P ratios of lots 3 and 

4 of the TS diet without counting taurine were 

estimated to be 78-88 and were lower than the 

required optimal C/P ratio for yearling yel-

lowtail (Chubu Shiryo 2002). Therefore, the 

low growth of白eTS group after August 2002 

was considered to be due to the shortage of 

metabolic energy, since ener部rintake was low 

because of the low lipid contents of lots 3 and 

4 of the TS diet. Rainbow trout Oncorhynchus 
mykiss have been shown to voluntarily con-

trol digestible energy int北eirrespective of 

the dietary energy content or energy source 

(Yamamoto et al. 2000). However, yellowtail 

seemed unable to control the digestible energy 

intake sufficiently when the dietary energy con-

tent of the TS diet was low Oots 3 and 4), since 

the dietary energy requirement of yellowtail 

was reported to be higher血m白atof rainbow 

trout (Watanabe et al. 2000). 

The shortage of metabolic energy in the TS 

group was also shown in the hemochemical 

indices; i.e., the concentrations of total protein, 

albumin, total cholesterol, and仕iglycerides

in the plasma and the levels of the condition 

factor and HSI were lower in the TS group 

than in the FM group. Generally, protein is 
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the most easily metabolized ener部rsource for 

fish. When dietary fat is at an optimal level, 

nitrogen utilization is the highest. However, 

digestible carbohydrates have limited utility as 

an energy source and reduce the net energy 

supply (Kaushik and Seiliez 2010). Hence, the 

low levels of plasma total protein and PER of the 

TS group might increase the consumption of 

dietary protein as an energy source, since the 

metabolic energy of the fish was insufficient, 

as mentioned above. The plasma total protein 

concentration was shown to be low in pacu 

Piaractus mesopotamicus fed a diet containing 

protein and energy contents below the required 

limits; further, the concentration increased as 

the dietary protein and energy contents of the 

diet were increased (Bi cu do et al. 2009). 

The hematological indices and EC50 value 

of the TS group were inferior to those of the 

FM group at the 65th week in the experiment. 

These results suggest that the erythrocytes of 

the TS group were more fragile than those of 

the FM group.百iefragility of the erythrocytes 

of the TS group was considered to be due to 

the low content of n・3highly unsaturated白句r

acids但UFAs)in the erythrocyte membranes, 

because of the low intake of n-3 HUF As owing 

to the low lipid content in their diet; studies 

have shown that the n-3 HUFA content in eryth-

rocyte membranes is associated with the pre-

vention of hemolysis (Van Den Berg et al. 1991; 

Kiron et al. 1994; Mabile et al. 2001) and the n-3 

HUFA content in biomembranes affects the flu-

idity and rigidity of the cell membrane structure 

(Sugano 1987; Glencross 2009). Furthermore, 

yellowtail have been shown to mature from 

winter to spring (Umeda 1991) at 2 years of age 

(Shiraishi et al. 2001). Several nutrients, includ-

ing n-3 HUFAs, involved in reproduction are 

mobilized from the body tissues into the repro-

ductive tissues during the maturation period 

(Takashima 197 4; Glencross 2009). Hence, at 

the 65th week in the experiment, the fragil-

ity of出eerythrocytes might be influenced by 

the maturation and low lipid intake of the fish. 

Further studies are required to elucidate the 

influence of nutrition on the physiological condi-

tions associated wi血matureyellowtail. 

The results of the present study show that 

yellowtail can be reared for more than 1 year 

from juveniles to adults on an SPC-based 

non-FM diet by supplementing with taurine. 

However, the growth performance and physio-

logical conditions of the TS group were inferior 

to those of the FM group, since the metabolic 

energy of the TS group was insufficient due 

to the low ener幻rintake associated with low 

dietary lipid content. These results suggest that 

the growth performance and physiological con-

ditions of yellowtail fed a taurine-supplemented 

SPC diet could be improved by increasing the 

dietary lipid content. 
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タウリン補足濃縮大豆タンパク質ベース無魚粉飼料による

ブリの長期飼育

高木修作・村田 害・後藤孝信・幡手英雄・山下浩史・高野晃・故宇川正治

無魚粉飼料で飼育したブリの飼育成績は，飼料へのタウリン補足により改善されることが明らかに

されている。しかし，ブリをタウリン補足無魚粉飼料で，稚魚から成魚まで飼育できるかは明らかに

されてない。本研究では，魚粉飼料（FM）を対照とし，タウリンを補足した濃縮大豆タンパク質（SPC)

ベースの無魚粉飼料（τ'S）で，ブリ稚魚（開始時体重470g）を65週間飼育して飼育成積を調べた。

τ3区では，タウリン補足SPC飼料でブリを稚魚から成魚、まで65週間飼育できた。しかし， TS区の飼

料脂質含量が低かったため， FM区に比べて τ3区の成長率は著しく低く，血紫化学成分，肥満度お

よび、比肝重の各値は劣った。以上の結果から，タウリン補足により SPCベース無魚粉飼料でブリを

稚魚から成魚、まで飼育可能で、あり その飼育成績や生理状態は飼料の脂質含量を高めることにより改

善できると示唆された。
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