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Influences of Palm Oil Blended with Fish Oil on 

Growth Performances and lipid Profiles of 

Red Sea Bream Pagrus major 

Connie Fay KOMILUSl， Naoyuki SHICHI2， Shunsuke KOSHI02， Manabu ISHIKAWA2，*， 

Saichiro YOKOYAMA
2， Fady Raafat MIC臥 EL1，Jian GA02 

and Chihiro MAKITA
2 

Abstract:百1Isstudy was aimed to investigate the effects of replacing fish oil wi出 palmoil (P) 

blended with fish oilσ) as the lipid source on growth performance and lipid pro宣lesof red sea 

bream. A 50-day feeding trial for juveniles (initial body weight 3.68:!: 0.09 g) was conducted in 

triplicates using 4 isocaloric diets containing different ratio of fish oil and palm oil such as {10: 0 

(10FOP)， 8: 2 (8F2P)， 6: 4 (6F4P) and 4: 6 (4F6P). Growth performance in terms of specific growth 

rate (SGR)， body weight gain (BWG)， feed intake (FI)， feed conversion ratio (FCR)， and hepa-

tosomatic index (HSI) were taken. Protein， moisture， ash and lipid contents in both whole body and 

liver， fatty acid compositions in dorsal and ventral muscles， and liver were also compared among 

仕eatments.There were no significant differences in SGR of fish fed with 10FOP and 8F2P but the 

SGR in both廿eatmentswere significant1y higher than血atof 4F6P. Diet 6F4P and 4F6P groups 
demonstrated significant lower FI as compared to diet 10FOP and 8F2P groups. Whole body lipid 

deposition in fish fed diet 4F6P was significant1y lower than those of other dietary groups. On the 

other hand， the dorsal lipid contents gradually decreased with increased palm oil level but there 

was no significant difference in ventral muscle. Eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA) contents in bo出 dorsaland ven回 1muscles gradually declined wi出 increaseddietary 

palm oil. A similar gradient degradation in n-3/n-6 ratio was also demonstrated in bo出 dorsaland 

ventral muscles although no signs of EFA deficiency occurred throughout the experimental period. 

In conclusion， diets containing not exceeding 40% palm oil may be a suitable ratio in incorporating 

palm oil as a fish oil replacement. 

Key words: Pagrus mαior， Palm oil; Fatty acid composition; Growth performances 

In仕oduction

High dependency on marine fish oil as a 

major lipid source in aquafeeds has raised major 

concerns of sustainability for aquaculture in 

the future due to limited supply of fish oil and 

expanding global nature of aquacu1ture prod-
ucts. Therefore， many efforts have been made to 

find alternative oils in replacing fish oil. Several 

ongoing research projects that focus on the pos-
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sibility of using various vegetable oils indicated 

encouraging results. Soybean oil， rapeseed oil， 

linseed oil and sunflower oil were reported to 

give comparative efficiency in growth perfor-

mances and feed utilization to those fed with 

fish oil for several species like At1antic salmon 

ぐrortensenet al. 2000; Ng et al. 2004; Jordal et al. 

2007)， gilthead sea bream (lzquierdo et al. 2005)， 

European seabass (Mourente and Bell 2006) and 

red sea bream (Glencross et al. 2003). However， 

complete replacement for fish oil is not possible 
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due to the lack of essential fatty acid contents in 

those plant oi1s. 
Potentials of palm oi1 in efforts to partially 

replace marine fish oi1 have been accepted by 

researchers in recent years (Ng 2006). Besides 

being rich in linoleic acids， and a component of 

essential fatty acids required by fish to grow， 

palm oi1 is also affordable and avai1able. Based 

on the information avai1able in a few species， 

inc1usion levels of palm oi1 to replace fish oi1 
are simi1ar to those of other plant oils (Ng 

et a1. 2000， 2003; Bell et a1. 2002). However， 

researches on inf1uences of palm oi1 inc1usion in 

aquafeeds for Japanese cultured species are not 

yet available. 

Thus， the objective of this study was to exam-

ine the inf1uence of partial replacement of fish 
oi1 by palm oi1 on the growth performance of 

red sea bream， Pagrus major， which is one of 
the most important marine cultured species in 

J apan (Kato et a1. 2002). 

Materials and methods 

Experimentalβ'sh and feeding protocol 

Red sea bream juveniles were obtained from 

a commercial hatchery (Matsumoto Suisan 

Ltd.， Miyazaki Prefecture) and transported alive 

to Kamoike Marine Production Laboratory， 

Faculty of Fisheries， Kagoshima University. 

Fish were placed in the indoor stock tanks with 

filtered and aerated sea water， and acclimatized 

in the tanks a week prior to a feeding tria1. 

During the acc1imatization， fish were fed with 

commercial pellets (Higashimaru Foods Ltd.， 

Kagoshima， J apan). Each of fifteen juveni1es 
with mean weight of 3.68:t 0.09 g was distrib-

uted in 12 units of 100-L f1ow-through tanks. 
Rearing seawater parameters such as dissolve 

O苅rgen，salinity and ammonia were monitored 

everyda手 Fourexperimental diets with differ-

ent ratio of fish oil: palm oi1 σable 1) were fed 

manually to fish in triplicates twice a day (0800 

and 1600hr) until apparent satiation. Test diets 

contained different ratios of fish oi1 and palm oi1 
such as 10:0 (10FOP)， 8:2 (8F2P)， 6:4 (6F4P) 

and 4: 6 (4F6P). Tanks were c1eaned and 

uneaten diets were collected to determine feed 

intake dai1y basis. 

Test diets were isocaloric， isonitrogenic and 

isolipidic， and contained 52% protein， 10% lipid 
and 14% ash， respectively. Fish were exposed to 

a photoperiod condition of 12 h light/12 h dark， 

and water f10w was maintained at 2.5 L/min and 
temperature was at 28.7:t 1.5

0

C (mean:t SD) 

during the rearing period. Fish were weighted 

in bulk for each tank in every 10 days. At the 

end， fish were killed using hypothermia method 

by immersion into a slurry of ice cold sea water 

prepared and maintained at 3 ppt and OOC accord-

ingωIρsada et al (2005)， and individual weight 

of fish was taken. Liver samples were removed， 

pooled and stored at -80
0

C unti1 analysis. 

Fi11eting was conducted by separating the dorsal 
and ventral flesh according to J apanese filleting 

method. Fi11ets from each仕eatmentwere pooled 

and maintained in ice before freeze-dried for 

further analysis.百lreefish were also randomly 

sampled from each respective tank and used for 

carcass proximate analysis. 

Table 1. Basal ratio of experimental diets containing 
different levels of palm oil 

Diets 
Ingredients (g/kg DM) 

10FOP 8F2P 6F4P 4F6P 

Brown :fish meal1 670.0 670.0 670.0 670.0 
Activated gluten 80.0 80.0 
α-Starch 40.0 40.0 
Dextrin 40.0 40.0 
Fish oil 100.0 80.0 
Palm oil 0.0 20.0 
Mineral mix2 30.0 30.0 
Vitamin mix3 26.5 26.5 
Stay-C4 3.5 3.5 
α-Cellulose 10.0 10.0 

Analytical contents (dry matter basis) 
Crude protein (%) 51.0 50.7 
Totallipid (九) 9.4 10.0 
Ash (%) 14.3 14.4 
Gross energy (kcal! g diet) 6.3 6.3 
1 Defatted brown fish meal 

80.0 80.0 
40.0 40.0 
40.0 40.0 
60.0 40.0 
40.0 60.0 
30.0 30.0 
26.5 26.5 
3.5 3.5 
10.0 10.0 

52.4 53.8 
10.2 9.5 
14.3 14.7 
6.3 6.3 

2Mineral mix (g/kg): NaCI， 0.183; MgS04' 7H20， 0.685; 
NaH2P04・2H20，0.436; KH2P04， 1.199; Ca(H2P04)z・2H20，

0.679; Fe Citrate， 0.148; Ca Lactate， 1.635; AlCI3・6H20，0.00009， 

ZnS04・7H20，0.017; CuCI2， 0.00005; MnS04・4H20，0.004; KC1， 

0.008; CoCI2， 0.005 
3Vitamin mix (g/kg): p-aminobenzoic acid， 1.45; biotin， 0.02; myo-
inosiω1， 14.5; nicotinic acid， 2.9; fo¥ic acid， 0.05; cho¥ine chloride， 

29.65. 
4 Stay-C: L-Ascorbyl-2-monophosphate-Na/Ca (DSM Nutrition 
Japan K K). 
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Proximate analyses 
Homogenized samples of whole body and 

liver were analyzed in duplicates for protein， 

lipid， ash and moisture. Protein was determined 

by using the Kjeldahl method (AOAC 1990)， 

lipid by Bligh and Dyer (1959) and ash was ana-

lyzed by combustion in muffle furnace at 550
0

C . 

Moisture was determined on approximately 5 g 

of minced samples by oven-drying at 110
0

C to 

constant weight according to AOAC (1990). 

Fαt砂αcidanalysis 

Fa均Tacid composition was analyzed based on 

the study of Querijero et a1. (1997) with slight 

modifications. Totallipid σL) was extracted by 

homogenizing 0.2 g sample according to Bligh 

and Dyer (1959). Fatty acid esters were then 

produced from total lipids aliquots. Samples 

were then methylated with boron triflou-

ride (BF3) in methanol. Methyl tricosanoate 

(Nu・ChekPrep. Inc) was used as internal stan-

dard at 1.000 mg/ ml hexane. Fat句Tacid methyl 

ester was analyzed with a gas chromatograph 

(Shimadzu GC 17 A) with flame ionization detec-

tor temperature maintained at 260
o
C; carrier 

gas He at 1 ml/min; column temperature at 

200
o
C; injector temperature at 250

0

C and helium 

(He). served as the carrier gas. The samples 

(1.0μ 1) were manually injected into injection 

port and identified fat句Tacids were presented as 

area percentage of total fatty acids. 

Statisticα1 a1J，alyses 
The statistical analyses were performed 

using an analysis of variance (package super-

ANOVA， Abacus19 Concepts， Berkeley， 

California， USA). Data were expressed as 

means :t S.E. Homogeneity of variance between 

treatments (5% level of probabi1ity) were ana-

lyzed using one-way ANOVA whi1e significant 

differences of mean values were determined at 

5% level of probability using Tukey Test. 

Results 

Growth performances 
Final weight， specific growth rate (SGR) 

and body weight gain (B羽TG)in 4F6P were 

significantly lower than those of 10FOP， 8F2P 

and 6F4P (Table 2). Although feed conversion 

ratios (FCR) of all treatments were simi1ar， 
fish fed with higher level of fish oi1 (10FOP and 

8F2P) indicated significantly higher (P < 0.05) 
feed intake (FI) than other treatments through-

out a 50・dayexperimental period. Results also 

showed that hepatosomatic indexes (HSI) were 

simi1ar (P> 0.05) among treatments. Survival 

rate (SR) in all treatments demonstrated at least 

96% without any significant differences (P> 

0.05) among treatments. 

Proximate analyses 
Whole body data demons仕atedno significant 

differences (P> 0.05) among 10FOp， 8F2P and 

Table 2. Growth performances of red sea bream (Pagrus major) fed wi出 differentdiets1 

diets 
Growth parameters 

10FOP 8F2P 6F4P 

lnitial weight (g/fish) 3.8:t 0.0 3.7:t 0.0 3.6:t 0.0 
Final weight (g/fish) 44.8:t O.Od 42.9:t 0.2c 39.5:t 0.3b 

SGR2 5.0:t O.Ob 4.9:t O.Ob 4.8:t O.Ob 
FCR3 1.2:t0.1 1.2:t 0.1 1.1:t 0.1 
BWG4 1091.2:t 10.1 b 1072.2:t 1.9b 998.7:t 11.6b 

HSl5 1.2:t 0.0 1.3:t 0.0 1.3:t 0.0 
FSRI7 (g/hh/50 days)6 49.9:t 1.9b 46.4:t 0.1 b 35.2:t 0.1" 

100.0:t 0.0 100.0:t 0.0 96.7:t0.0 
lValues are expressed as mean::t S.E. (n=2). Data wi出 samealphabets are not significantly different (P> 0.05). 
2 SGR， specific grow出rate=100 x On final weight-ln initial weight) / (duration). 
3 FCR， feed conversion ratio = dry feed intake (kg) /weight gain (kg). 
4 BWG， body weight gain (%)= 100 x (final weight -initial weight) / (initial weight). 
5 HSI， Hepatosomatic index = 100 x Oiver weight/body weight). 
6 FI， Feed intake (g/fish/50 days) = (total feed intake (g) / number of fishes) in 50 days feeding period. 
7 SR， survival rate (%) = 100 x (initial fish number-dead fish number) / (initial fish number)ー

4F6P 

3.7:t 0.1 
31.7:t 0.2" 
4.3:t 0.1" 
1.3:t 0.2 

764.0:t 36.0" 
1.4:t 0.2 
34.2:t 2.5" 
100.0:t 0.0 
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Table 3. Lipid， protein， ash， and moisture contents of whole body， musc1es and liver in red sea bream (Pagrus majoのたd
with different diets1 

Parameters 10FOP 8F2P 6F4P 4F6P 

Lipid (%)2 
Whole body 9.1::t 0.3b 10.0::t 0.1 b 10.2土O.lb 7.6::t0.3a 

Dorsal musc1e 14.0::t O.Od 12.9::t 0.12c 11.8::t0.lb 1O.6::t0.la 

Ventral musc1e 23.2::t 0.1 24.3::t 0.2 24.7::t 0.3 24.7::t 0.6 
Liver 12.8::t 0.5 12.7::t 0.5 11.9::t 0.3 12.9::t0.8 
Protein (% whole body) 3 14.7::t 0.3a 16.0::t O.4b 15.8::t0.Ob 15.2::t O.4ab 

Ash (% whole body) 4.1 ::tO.Oa 4.6::t O.Oabc 5.1::t O.lc 4.2::t0.lab 

Moisture (% whole body) 72.3::t 0.5b 69.8::t0.7ab 68.6::t O.la 72.2::t0.8b 

1 Values are expressed as mean :t S.E. (n=2). Data with same alphabets are not significantly different (P> 0.05). 
2 Dry weight basis. 
3Wet weight basis. 

6F4P diets in lipid contents but lower level was Table 4. Fatty acid composition (% of total fatty acid) in 
shown in 4F6Pぐrable3). In dorsal muscle， lipid experimental diets1 

deposition was differed significantly (Pく0.05) Diet 

among treatments with inverse relation to palm 
Types of fatty acid 

8F2P lOFOP 6F4P 4F6P 

oil content. In contrast， ventral muscle demon- 14: 0 5.2 4.4 3.1 1.9 

s回 tedhigher lipid deposition出andorsal muscle 16: 0 17.0 21.9 24.5 25.9 

without any significant differences among仕eat-
18: 0 5.1 4.2 4.4 3.5 

I Saturated 27.3 30.5 32.0 31.3 
ments (P> 0.05). Lipid contents of liver in all 

16: ln-9 6.7 5.8 4.3 2.3 
treatments were higher than those of whole body 18: ln-5 0.1 0.2 0.2 0.0 
wi出 nosignificant differences (P> 0.05) among 18: ln-9 8.7 8.9 11.1 12.7 

treatments. Ash content in treatment 6F4P was 20: ln-9 0.3 0.2 0.4 0.6 
22: ln-7 0.1 0.2 0.1 0.2 

significant1y higher (Pく0.05)than those of 22・ln-9 0.8 0.5 0.7 0.5 
10FOP and 4F6P and moisture content in 6F4P 22: ln-ll 1.1 0.9 0.1 0.5 

was significant1y lower (Pく0.05)than those IMonoenes 17.8 16.7 16.9 16.8 

of lOFOP and 4F6P. On the other hand， protein 18: 2n-6 6.2 6.7 7.0 8.0 

contents in仕eatment8F2P and 6F4P were signifi-
20: 4n-6 0.7 0.9 1.0 0.7 
22: 4n-6 4.0 5.8 5.3 6.6 

cantly higher出m血atinlOFOP. 
In-6 fat句Tacids 10.9 13.4 13.3 15.3 

18: 3n-3 0.1 0.1 0.0 0.7 
Fatty acid comtosition 18: 4n-3 0.2 0.2 0.8 0.6 

Dietary profiles of fatty acid composition 20: 4n-3 0.8 0.4 0.3 0.3 

(Table 4) showed dominance of saturates and 
20: 5n-3 9.5 3.8 3.3 2.1 
22: 5n-3 2.0 1.3 1.2 1.0 

total polyunsaturates (PUFAs)， ranging from 22: 6n-3 14.9 13.2 12.7 12.0 

27.3 to 32% and 31.6 to 38.4%， respectively. I n-3 fatty acids 27.5 19.0 18.3 16.7 

In contrast， higher inc1usion of palm oil IPUFA2 38.4 32.4 31.6 32.0 

increased concentration of total n・6(particularly In-3HUFA3 27.2 18.7 17.5 15.4 
I n-3/n-6 ratio4 2.5 1.4 1.4 1.1 

C18:2n・6). エEPA+DHA5 24.4 17.0 16.0 14.1 
Saturates， total PUFAs and monoenes were 1 Values are expressed as means :t S.E. (n=2). Same superscripts 

more prominent in dorsal (Table 5) and ven- are not significant different (P> 0.05) 

tral musc1e (Table 6)， and liver (Table 7). 
2 Total PUFA is expressed as sum of total n-3 fat句Tacids and total 
n-6 fatty acids. 

With dietary increased palm oil， saturates and 3 Total n-3HUFA is expressed as sum of n-3 fat句racids in carbons 

monoenes levels elevated in ventral muscles 
more出an20 

4 n-3/n-6 ratio is expressed as total n-3 PUFA divided by total n-6 
and liver while gradual decline of total n・.3fa仕y PUFA. 

acids was shown in dorsal and ventral muscles. 
5 Sum of Eicosapentaenoic Acid (C20:5n-3) and Docosahexanoic 
acid (C22 : 6n-3) as essential fatty acids 

On the other hand， total n-6 concentrations 

were not affected by dietary treatment， except 

in liver. 
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Table 5. Fat匂Tacid composition (% of total fatty acid) in dorsal muscle of red sea bream (Pagrus major) fed with different 
diets1 

Dorsal 
Types of fatty acid 

10FOP 8F2P 6F4P 4F6P 

14: 0 3.5:t 0.1 d 3.0:t 0.1 c 2.2:t 0.1 b 1.8:t O.Oa 
16: 0 22.3:t 10.5 23.0:t 0.3 25.2:t 0.2 25.9:t 1.7 
18: 0 7.8:t O.la 8.5:t O.Ob 8.4:t 0.2ab 4.2:t 0.3ab 

ISaturated 33.6:t 0.6 34.5:t 0.2 35.8:t 0.4 31.9:t 1.4 

16: 1n-9 6.4:t 0.1 d 5.7:t O.Oc 4.7:t 0.2b 3.6:t O.Oa 
18: 1n-9 19.2:t 0.2a 22.9:t0.1b 25.2:t O.Oc 27.6:t 0.5d 

20: 1n-9 1.9 :t 0.4 b 1.5:t O.oab 1.3:t 0.1 ab 0.8:t O.Oa 
22: 1n-7 0.2土O.Ob 0.2:t O.Ob 0.2:t O.Oab 0.1 :tO.Oa 

22: 1n-9 0.5:t O.Od 0.5:t O.lc 0.3:t O.Ob 0.2:t O.Oa 

IMonoenes 28.2土O.4a 30.8:t 0.1 b 31.7:t 0.3b 32.3:t 0.6b 

18: 2n-6 3.1 :t0.1a 3.3:t 0.2a 5.2:t 0.2b 6.4:t 0.1 c 
18: 3n-6 0.3:t O.Ob 0.2:t O.Oa 0.2:t O.Oa nd2 

20: 4n-6 1.5:t 0.2b 1.3:t O.Ob 1.2:t 0.2b 0.3:t O.Oa 
22: 3n-6 0.2:t O.Ob 0.2:t O.Ob 0.1:t O.Oa nd 
22: 4n-6 6.4土O.4b 6.7:t O.lb 5.8:t 0.2ab 4.5:t O.4a 

22: 5n-6 0.2:t O.Ob 0.2:t O.Ob 0.1:t O.Oa nd 

In-6 fat匂Tacids 11.9:t 0.5 12.7:t 0.3 12.6:t 0.2 l1.7:t0.5 

18: 3n-3 nd 0.3:t O.Ob 0.3:t O.Oab 0.2:t O.Oa 
18: 4n-3 0.4:t O.Od 0.3:t O.Oc 0.3:t O.Ob 0.2:t O.Oa 
20: 4n-3 0.5:t O.Oc 0.4:t O.Ob 0.3:t O.Oa 0.2:t O.Oa 
20: 5n-3 6.6:t0.1b 5.7:t O.4ab 4.7:t 0.7ab 4.1:t 0.2a 

22: 5n-3 2.7:t 0.2b 2.4:t 0.1 ab 2.0:t 0.3ab 1.7:t O.Oa 
22: 6n-3 12.1:t 0.1 b l1.0:t O.lab 9.8:t 0.9ab 8.3:t O.4a 

In-3 fat匂Tacids 22.6:t 0.1 20.0士0.5 17.0:t2.9 14.8:t 0.6 

IPUFA3 34.6:t 0.4 32.7:t 0.3 29.6:t 3.1 26.5:t 1.6 
I n-3/n-6 ratio4 1.9:t 0.1 1.6:t 0.1 1.4:t 0.3 1.3:t 0.1 
IEPA+DHA5 18.7:t 0.2 16.7:t 0.3 14.5:t 2.8 12.4:t 0.6 

1 Values are expressed as means :t S.E. (n=2). Same superscripts are not signi且cantdifferent (P> 0.05). 
2 nd = Not detected 
3 Totai PUFA is expressed as sum oftotal n-3 fat句，acids and to凶 n-6fat句，acids 
4 n-3/n-6 ratio is expressed as total n-3 PUFA divided by totaJ n-6 PUFA 
5 Sum of eicosapentaenoic Acid (C20 : 5n-3) and docosahexanoic acid (C22 : 6n-3) as essential fatty acids. 

The incremental palm oil in diets intensi:fied 

palmitic (C16: 0) and linoleic acid (C18: 2n・6)

concentrations in fish samples. Oleic acid 

accounted in dorsal and ventral muscles， and 

liver gradually increased with higher inclu-

sion of palm oil while inverse relationship was 

demonstrated with monoenes compared to that 

in diets. Proportions of total n・3decreased sig-

nificantly between 10FOP and 4F6P in dorsal 

and ventral muscles but relatively inverse in 

liver. Similar pattern was observed in ratio of 

n-3 to n-6 in same samples. Declining of n-3 in 

both dorsal and ventral muscles was due to the 

decline of C20: 5n・3and C22:6n・3concentra-

tions respectively. 

Discussion 

Results from this experiment corroborate 

influences of dietary palm oil on fish growth 

performance. It is likely that growth perfor-

mances of red sea bream juveniles impeded 

gradually with incremental dietary palm oil 

although there are no significant differences 

among 10FOp， 8F2P and 6F4P. The declination 

in grow吐1could be caused by decline of docosa-

hexanoic acid (DHA) and eicosapentanoic acid 

(EPA)仕omdiets.官官 inclusionof palm oil at 

60% reduced EPA by 7.4% and DHA by 2.9% com-

pared to their concentrations in 10FOp， which 

signi:ficantly reduced SGR and BWG. However， 

replacement of fi.sh oil by palm oil up to 600，，6 did 
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Table 6. Fatty acid composition (% of total fatty acid) in ven仕almuscle of red sea bream (Pagrus majoけfedwith different 
diets1 

Ventral 
Types offat匂racid 

lOFOP 8F2P 6F4P 4F6P 

14: 0 3.2:t 0.0 2.8:t 0.1 2.6:t 0.3 2.6:t 0.1 
16: 0 21.8:t 0.2a 23.9:t 0.2a 27.5:t 1O.8b 27.6:t 0.5b 

18: 0 7.4:t 0.2 8.6:t 0.1 8.6:t 0.2 7.6:t 0.5 

2: saturated 32.3:t O.4a 35.2 :t 0.2ab 38.2:t 1.3b 37.8:t 0.9b 

16: 1n-9 6.1 :t0.1c 5.3:t 0.2bc 4.9:t 0.2ab 4.2:t 0.3a 

18: 1n-9 16.8:t O.4a 23.4:t 0.3b 28.2:t 0.2c 30.7:t 0.5d 

20: 1n-9 1.7:t0.1c 1.9:t 0.1 c 1.2:t O.Ob 0.7:t0.1a 

22: 1n-9 0.5:t O.Od 0.3:t O.Oc 0.3:t O.Ob 0.2:t O.Oa 

2:monoenes 25.0:t O.4a 30.9:t 0.2b 34.5:t 0.2c 35.7:t O.4c 

18: 2n-6 2.9:t O.Oa 3.9:t 0.2ab 4.3:t 0.1 b 7.3:t O.4c 

20: 4n-6 1.5:t O.Ob 1.3:t O.Oab 0.7:t 0.1a 0.7:t 0.2a 

22: 4n-6 6.7:t 0.3b 5.4:t 0.1a 6.3:t 0.1ab 5.3:t 0.3a 

2:n-6 11.1:t 0.3a 1O.6:t 0.2a 11.6:t 0.1ab 13.5:t O.4b 

18: 3n-3 nd2 0.3:t 0.0 0.2:t 0.0 0.2:t 0.0 
18: 4n-3 0.5:t O.Oc 0.3:t O.Ob 0.3:t O.Ob 0.2:t O.Oa 
20: 4n-3 0.7:t 0.0 0.4:t O.Oc 0.3:t 0.6 0.2:t O.Oa 
20: 5n-3 6.3:t 0.3c 5.2:t 0.1 b 4.8:t 0.2ab 4.1 :t0.1a 

22: 5n-3 3.6:t 0.1 b 2.0:t O.4a 1.54:t O.Oa 1.5:t 0.3a 

22: 6n-3 11.8:t 0.2c 1O.1:t 0.2b 10.3:t 0.3b 8.7:t 0.3a 

2:n-3 22.8:t 0.2c 18.2:t O.4b 17.3:t0.1b 14.8:t 0.6a 

2:PUFA3 33.8土0.1b 28.8:t 0.3a 28.9:t 0.3a 28.3:t 0.1 a 
2: n-3/n-6 ratio4 2.1土0.1c 1.8:t 0.1 bc 1.5:t O.Ob 1.1:t 0.1 a 
2: EPA+DHA5 18.1:t 0.1 c 15.3:t O.Ob 15.1:t 0.1 b 12.8:t O.4a 

1 Values are expressed as means :tS.E. (n=2). Same superscripts are not significant different (P> 0.05). 
2 nd = Not detected. 
3Total PUFA is expressed as sum of total n-3 fatty acids and total n-6 fatty acids 
4 n-3/n・6ratio is expressed as total n-3 PUFA divided by total n-6 PUFA. 
5 Sum of eicosapentaenoic acid (C20 : 5n-3) and docosahexanoic acid (C22・6n-3)as essential fatty acids. 

not alter yellow tail (Seriola quinqueradiαtα) 

growth (Watanabe 2002) and 50% for Atlantic 

salmon (Salmo sαlar) as reported by Bell et al. 

(2002). Previous studies using up to 15% palm oil 

blended with other vegetable oils also replaced 

60% fish oil with no marked effect on growth 

performance in European seabass (Richard et al. 

2006). Other vegetable oils such as soybean oil， 

linseed oil and rapeseed oil may substitute up to 

60% of fish oil (Izquierdo et al. 2005) for gilthead 

sea bream and linseed oil， rapeseed oil and olive 

oil (Mourente et al. 2005) for European seabass. 

As marine fish cannot synthesize n・3HUFA 

in vivo， the good growth in fish is highly con-

tributed from DHA and EPA available in diets. 

4F6P diet consisted of only 12.0% DHA and 2.1% 

EPA， which resulted in lowest SGR and BWG. 

In addition， DHA concentrations in dorsal and 

ventral muscles， and liver also illustrated sirnilar 

patterns to dietary DHA concentrations with 

slightly lower values in fish samples compared to 

diet. Thus， reduction of marine fish oil inclusion 

does markedly contribute to declining DHA and 

EPA in bo出 dietand muscle. Nevertheless， fish 
oil replacement wi仕1palm oil is possible as long 

as the portion of fish oil included could meet 

the essential fa向Tacid required by fish although 

the determination of optimal supplement level 

for palm oil in the diet would be depended upon 

some factors such as species， age， size and so on. 
Higher feed intake (FI) demonstrated in 

diets 10FOP and 8F2P during the trial suggests 

higher lipid deposition in whole body especially 

at dorsal area. Lipid content was higher in treat-

ment 10FOp， 8F2P and 6F4P with no significant 

differences among them although FI in 6F4P 

was significantly lower. Deposition of lipid also 

doubled in ventral muscle compared to those in 
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Table 7. Fatty acid composition (% of to凶 fattyacid) in liver of red sea bream (Pagrus major) fed with 柑 ferentdietsl 

liver 
Types of fatty acid 

10FOP 8F2P 6F4P 4F6P 

14: 0 2.8:t 0.2b 2.0:t 0.2ab 1.1:t O.4ab 1.3:t O.la 

16: 0 20.5:t 0.8a 23.5 :t 0.7ab 23.6:t 0.2ab 25.0 :t 0.42b 

18: 0 9.l:t0.2 9.5:t 0.2 9.1:t 0.1 10.0:t 0.2 

エSaturated 32.4:t0.7a 34.9 :t 0.6ab 34.8:t 0.4 ab 36.3:t 0.2b 

16: 1n・9 6.4:t 0.3b 6.4:t 0.3b 6.2:t O.Ob 4.9:t 0.1 a 
18: 1n-5 13.8:t 0.7 16.2:t 0.7 14.4:t 0.4 16.2:t 0.1 
18: 1n-9 9.8:t O.Oa 12.6:t 0.1 b 15.1:t 0.3c 17.3:t 0.2d 

20: 1n-9 2.2:t 0.1 b 1.8:t 0.1 ab 1.9:t 0.1 ab 1.5:t 0.1 a 
22: 1n-7 0.2:t O.Ob 0.2:t O.oab 0.1:t O.Oa 0.1:t O.Oa 
22: 1n-9 0.2:t 0.01 0.2士0.0 0.2:t 0.0 0.1士0.0
24: 1 0.2:t 0.0 0.2:t 0.0 0.2:t 0.0 nd2 

IMonoenes 32.7:t 0.9a 37.5:t 0.5b 37.9:t 0.5b 39.9:t 0.2b 

18: 2n-6 2.3:t 0.2a 2.2:t 0.2a 3.4:t 0.3ab 3.8:t 0.3b 

18: 3n-6 0.4:t 0.0 O.l:t 0.0 O.l:t 0.0 0.1:t 0.0 
20: 4n-6 0.7:t 0.2b 0.7:t O.lab 0.6:t O.lab 0.2:t O.la 

22: 3n-6 0.1:t 0.0 O.l:t 0.0 0.1:t 0.0 0.1:t 0.0 
22: 4n-6 16.6:t 0.6b 10.6:t 1.0a 9.4:t 0.6a 9.0:t 0.4a 

22: 5n-6 0.3:t 0.1 b 0.1:t0.1a 0.1:t O.Oa 0.1:t O.Oa 

In-6 20.3:t 0.7b 13.5:t 1.6a 13.7:t 0.3a 12.6:t 0.9a 

18: 3n-3 0.3:t 0.1 0.2:t 0.1 0.3:t 0.0 0.2:t 0.1 
18: 4n-3 0.1:t 0.1 0.1:t 0.0 O.l:t 0.0 O.l:t 0.0 
20: 4n-3 0.4:t O.Ob 0.4:t 0.1 b 0.4:t 0.1 b 0.2:t 0.1 a 
20: 5n・3 1.8:t 0.1 a 1.7:t 0.2a 2.0:t 0.2ab 2.5:t 0.1 a 
22: 5n-3 1.3:t 0.3 1.6:t 0.1 1.7:t 0.0 1.6:t 0.1 
22: 6n-3 9.0:t O.4a 9.1 :t 0.3ab 10.6:t 0.5ab l1.2:t O.4b 

I n-3 12.6:t 0.2a 13.0:t 0.3a 15.0:t O.4b 15.7:t O.4b 

IPUFA3 33.0:t 1.0 26.5:t 2.0 28.7士0.7 28.3:t 1.3 
I n-3/n-6 ratio4 0.6:t 0.0 1.2:t 0.3 1.1:t 0.0 1.3:t 0.1 
工EPA+DHA5 10.7:t 0.5a 10.8:t O.la 12.5 :t 0.4 ab 13.7:t 0.3b 

1 Values are expressed as means :t S.E. (n~2). Same superscripts are not significant different (P> 0.05). 
2 nd '~ Not detected. 
3To匂1PUFA is expressed as sum of total n-3 fatty acids and total n-6 fatty acids. 
4 n-3/n-6 ratio is expressed as total n-3 PUFA divided by total n-6 PUFA. 
5 Sum of eicosapentaenoic Acid (C20 : 5n-3) and docosahexanoic acid (C22 : 6n-3) as essential fatty acids. 

dorsal one and this is regarded as common in 

cultured :fish (Suzuki et al. 1986) due to antero-

posterior swimming mechanism (Toussaint et 

al. 2005). Gradual declining of FI speci:fically 

in 6F4P and 4F6P indicate reduction of dietary 

acceptance with at least 40% palm oil， which 

may be due to the palatability preferences by 

:fish. However， no tendency of liver inflamma-

tion in :fish fed with incremental dietary palm oil 

as shown in HSI in all treatments. Instead， FCR 

and SR notably indicated that :fish regardless of 

treatments grew economically and were in con-

siderably healthy condition. 

Replacing :fish oil by feeding palm oil to :fish 

reduced EPA and DHA contents in dorsal and 

ventral muscles and this conforms to Ghioni et 

al. (1999) study on turbot， Mourente and Bell 

(2006) on European seabass， Bell et al. (2002) 

on Atlantic salmon and Ng et al. (2003) on 

A企icanca凶sh.Gradient reduction of fat句Tacid 

compositions particularly DHA and EPA in both 
diet and muscles suggest inherent complexity 

due to interactions between various fatty acids 

and catabolism mechanism (Robin and Skalli 

2006)， and Stubhaug et al. (2005) also observed 

similar complexity in Atlantic salmon fed with 

rapeseed oil. Excessive palmitic (C16: 0) and 

linoleic (C18: 2n・6)acids due to incremental 

palm oil may have interrupted the β-oxidation 

metabolism which caused inherent complexity. 

In addition， red sea bream may also have lower 

ability to synthesize these fatty acids de novo 
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from palm oil based diet. Izquierdo et al. (2005) 

has reported similar observation on gilthead 

sea bream and Regost et al. (2003) on turbot 

regarding inability of these fish in synthesizing 

C18:2n・6into C20: 4n・6.

This study also showed inverse relationship 

between inc1usion level of palm oi1 and body 

EPAandDHA.τbose concentrations decreased 

in both dorsal and ventral musc1es in fish fed 

with higher inc1usion of palm oil. Concurrently， 

similar gradient degradation in n-3/n-6 ratio was 

also demonstrated in both dorsal and ventral 

musc1es， and this observation relatively con-

forms to reports by Torstensen et al. (2004) on 

salmon. Reduction of EPA and increment of n-6 

in fish musc1e when fed with palm oil may lever-

age complication in fish hea1th. However， such 

adverse effects were not detected in all treat-

ments. Although the highest inc1usion of palm 

oil resu1ted lowest SGR and BWG， symptoms of 
EFA deficiency indicated in Huang et al. (2008) 

report on red sea bream were not detected 

in fish throughout the experimental period. 

According to Takeuchi et al. (1991)， juvenile 

red sea bream requires EFA comprising 1% 

EPA and 0.5% DHA. All test diets used in this 

study met the 0.5% DHA requirement but indi-

cated lower EPA.τbis conforms to Huang et al. 

(2008) observation that DHA showed higher 

efficacy than EPA by using dietary canola oil 

on red sea bream. In addition to that， n-3 HUFA 

in the test diets of this study ranging from 1.54 

to 2.72% is still within the requirement of most 

marine fish species (0.5 to 1.9%) as reported 

by Xue et al. (2006). Therefore， encouraging 

growth performance shown in diets 8F2P and 

6F4P may have been sufficiently sourced from 

n-3HUFA within limited rations in test diets. 

Increase of ash content in fish with incremen-

tal dietary palm oil except in treatment 6F4P 

(40% palm oil inc1usion) in this study illustrated 

similar ash content pattern up to 50% palm oil 

inc1usion in European seabass as reported by 
Bell et al. (2002). Although this presumably 

reflects improvement of mineral utilization in 

fish with inc1usion of palm oil， the underlying 

mechanism determining interaction between 

palm oi1 and mineral utilization in fish is still 

unc1ear and requires further studies in future. 

It can be conc1uded that diets containing not 

more than 40% palm oil blended with 60% fish 

oil may be a suitable ratio for red sea bream. 

Growth performances， EFA deposition in both 
dorsal and ventral musc1es and absence of detri-

mental EFA deficiencies indicated the possibil-

ity of incorporating palm oil in red sea bream 

juvenile diets as partial replacement for fish oil. 

Acknowledgments 

The authors wish to thank Ms. Risako 

Saruwatari on her contribution in the feed-

ing experiment and analyses. The Malaysian 

Government and the Department of Fisheries 

Sabah are also warmly thanked for their finan-

cial support to the first author.τbe research is 

partially funded by the Kagoshima University 

Grant provided to S. Koshio. 

References 

A.O.A.C. (1990) Official Methods of Analysis of the 
Association of Official Analytical Chemists， 15thed. 
Association of Official Analytical Chemists， Arlington， 

VA， USA 

Bahurmiz， O.M. and w.K. Ng (2007) Effects of dietary 
palm oil source on growth， tissue fatty acid composi-
tion and nutrient digestibility of red hybrid tilapia， 

Oreochromis sp.， raised企omstocking to marketable 
size. Aquaculture， 262， 382-392. 

Bell， ].G.， R]. Henderson， D.R Tocher， F McGhee，].R. 
Dick， A Porter， R. P. Smullen and ]. R. Sargent (2002) 
Substituting fish oi¥ with crude palm oil in the diet of 
Atlantic salmon (Salmo salar) affects musc1e fatty acid 
composition and hepatic fatty acid metabo1ism. ]. 
Nutr.， 132， 222-230. 

Bligh， E.G. and w.]. Dyer (1959) A rapid method for total 
lipid extraction and purification. Can. ]. 01 Biochem. 

Physiol.， 37， 911-917. 
Figuieredo-Silva， A， E. Rocha.， ]. Dias.， P. Silva.， P. Rema.， 

E. Gomes and L.M.P. Valente (2005) Partial replace-
ment of fish oil by soybean oi¥ on lipid distribution and 
liver histology in European sea bass (Dicentrarchus 

labrax) and rainbow仕out(Oncorhynchus mykiss) juve-
ni¥es. Aqua. Nutri.， 11， 147-155. 

Ghioni， C.， D. R. Tocher， M. V. Bell， ]. R. Dick and ]. R. 
Sargent (1999) 1ρW C18 to C20 fatty acid elongase 
activity and 1imited conversion of stearidonic acid， 

18: 4n-3， to eicosapentaenoic acid， 20: 5n-3， in a cell 
line from the知rbot，Scoththalmus maximus. Biochim. 
Biothys. Acta.， 1437， 17Cト181.

Glencross， B.D.， w.E. Hawkins and ].G. Curnow (2003) 



Influences of Palm Oil on Red Seabream 325 

Restoration of the fatty acid composition of red sea 

bream (Pagrus auratus) using a fish oil finishing diet 

after grow-out on plant oil based diets. Aqua. Nutr.， 9， 

409-418. 

Huang， S.S.Y.， C.H.L. Fu， D.A. Higgs， S.K. Balfry， P.M. 

Schulte and C.]. Brauner (2008) Effects of dietary 

canola oil level on grow出 performance，fat句Tacid 

composition and ionoregulatory development of 

spring Chinook salmon parr， Oncorhynchus tshawyts-

cha. Aquaculture， 274，109-117. 

lzquierdo， M. S.， D. Montero， L. Robaina， M.]. Caballero， 

G. Rosenlund and R Gines (2005) Alterations in fillet 

fa町T acid profile and flesh quality in gilthead sea 

bream (Sparusaurata) fed vegetable oils for a long 

term period. Recovery of fatty acid profiles by fish oil 

feeding. Aquaculture， 250， 431-444. 

Jordal， AE.O.， 0.lie叩 dB.E. Torstensen (2007) Complete 

replacement of dietary fish oil with a vegetable oil 

blend affect liver lipid and plasma lipoprotein levels凶

Atlantic salmon (Salmosalar L.). Aqua. Nutr.， 13， 114-

130. 

Kato， K.， R Hayashi， D. Yuasa， S. Yamamoto， S. Miyashita， 

O. Murata and H. Kumai (2002) Production of cloned 
red sea bream， Pagrus major， by chromosome manip-
ulation. Aquaculture， 207， 19-27. 

Losada， v.， J. Pineiro， C. Barros-Velazquez and S. P. 

Aubourg (2005) Inhibition of chemical changes 

related to freshness loss during storage of horse 

mackerel (Trachurus trachurus) in slurry ice. Food 

Chem.， 99， 61Sト625.

Mourente， G and ]. G. Bell (2006) Partial replacement of 

dietary fish oil wi出 blendsof vegetable oils (rape-

seed， linseed and palm oils) in diets for European sea 
bass (Dicentrarchus labrax L.) over a long term 

growth study: Effects on muscle and liver fatty acid 

composition and effectiveness of a fish oil finishing 

diet. Comp. Biochem. Physiol.， Part B， 245， 389叩 399.
Mourente， G.， ].E. Good and ].G. Bell (2005) Partial substi-

知tionof fish oil with rapeseed， linseed and olive oils 
in diets for European sea bass (Dicentrarchus labrax 

L): effects of flesh fatty acid composition， plasma 
prostaglandins E-2 and F-2 alpha， immune function 

and effectiveness of a fish oil finishing diet. Aqua. 

Nutr.， 11，25-40. 

Ng， W. K. (2006) Palm oil: Malaysia's gift to the global 

aquafeed industry. In “Asian Aquafeeds: Current 

Developmenぉinthe Aquaculture Feed Industry" (ed. by 

Ng， w.K， and C. K. Ng)， Malaysian Fisheries Society 

Occasional Publication， Vol. 13. Kuala Lumpur. pp 40-54. 

Ng， W. K.， M. C. Tee and P. L. Boey (2000) Evaluation of 

crude palm oil and refined palm 

叩 dfatty acid digestibility in Atlantic salmon (Salmo 

salar L.) fed finishing diets containing different 

blends of fish oil， rapeseed oil and palm oil. Aquac. 

Res.，35，1228-1237. 

Querijero， B. V. L.， S. Teshima， S.】{oshioand M. Ishikawa 

(1997) Utilization of monounsaturated fatty acid 

(18: ln-9， oleic acid) by freshwater prawn 
Macrobrachium rosenbergii (de Man) juveniles. 

Aquaculture Nutrition， 3， 127-139. 

Regost， C.， J. Arzel， ]. Robin， G. Roselund叩 d].Kaushik 
(2003) Total replacement of fish oil by soybean oil 

with return to fish oil in turbot (Psetta maxima): l. 

Growth performance， flesh fatty acid profile and lipid 

metabolism. Aquaculture， 217，465戸 482.

Richard， N.， G. Morente， S. Kaushik and G. Corraze (2∞6) 

Replacement of a large portion of fish oil by vegetable 

oils does not affect lipogenesis， lipidむ加sportand tissue 
lipid uptake in European seabass (Dicentrarchus labrax 

LよAquaculture，261， 1077-1087. 

Robin， ]. H and A Skalli (2006) Incorporation of dietary 
fatty acid in European sea bass (Dicentrarchus 

labrax)-A methodological approach evidencing losses 

of highly unsaturated fatty acids. Aquaculture， 263， 

277-237. 
Stubhaug， 1.， L. Froyland and B.E. Torstensen (2005) Beta-

oxidation capacity of red and white muscle and liver in 
Atlantic salmon (Salmo salar L.)-effects of increasing 

dietary rapeseed oil and olive oil to replace capelin oil. 

Lipids， 40(1)， 39-47. 

Suzuki， H.， K. Okazaki， S. Hayakawa， S. Wada and S. 

Tamura (1986) lnfluence of commercial dietary fatty 

acids on polyunsaturated fatty acids of cultured fresh-

water fish and comparison wi出 thoseof wild fish of 

same species.]. Agr. Food Chem.， 34， 58-60. 

Takeuchi， T.， Y. Shiina and T. Watanabe (1991) Suitable 

protein and lipid levels in diet for fingerlings of red 

sea bream Pagrus major. NiPpon Suisan Gakkashi， 57， 

293-299. 

Torstensen， B. E.，の， Lie and L. Froyland (2000) Lipid 

metabolism and tissue composition in Atlantic salmon 

(Salmo salar L.)-effects of capelin oil. palm oil and 

oleic-enriched sunflower oil as dietary lipid sources. 

Lかids，35， 653-664. 
Torstensen， B. E.， L. Froyland， R のrnsrudand 0. Lie 

(2004) Tailoring of a cardioprotective muscle fatty 

acid composition of Atlantic salmon (Salmo salaのfed

vegetable oils， Food Chem.， 87， 567-580. 

Toussaint， C.， B. Fauconneau， F. Medale， G. Collewet， S. 
Akoka， P. Haffray and A Davenel (2005) Description 

of the heterogeneity of lipid distribution in the flesh of 
brown trout (Salmo trutta 



326 C. F. Komilus， N. Shichi， S. Koshio， M. Ishikawa， S. Yokoyama， F. R. Michael，]' Gao and C. Makita 

マダイの成長と脂質組成に及ぼす魚油混合パーム油の効果

Connie Fay KOMlLUS .志知直之 ・越塩俊介 ・石川 学

横山佐一郎 ・FadyRaafat MICHAEL・高 堅 ・横田千尋

魚油供給量の減少から，飼料脂質源として魚油に替わる植物性油脂の利用に関心が高まっている。

本研究では魚油とパーム油の配合比を10: 0 (10FOP)， 8: 2 (8F2P) ， 6・4(6F4P)および4:6 (4F6P) 

の4段階に変えた混合脂質を用いて，マダイ稚魚、の成長と脂質組成に及ぼす影響を検討した。増重率

および日間成長率 (SGR)に関しては，パーム油添加量が増加するにつれて，低下する傾向が見られ

たが， 10FOPと8F2P及び 6F4Pの問に有意差は検出されなかった。6F4Pと4F6P区の摂餌量は，他

の区に比べ有意に低かった。また，パーム油添加量の増加に伴い，全魚体および背筋の脂質が減少す

る傾向が見られたが，腹筋の脂質に区間差はなく ，全魚体の EPAおよび DHA含量も減少する傾向

が見られた。しかし，肝臓肥大などは観察されず，魚油の40%を超えない程度までパーム油での代替

が可能であると示唆された。
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