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To examine the functional properties of conjugated linoleic acid (CLA) and ascidian tunic extracts in fish,
we compared mackerel fed ascidian tunic extract and CLA (CA25) and a control group. The daily growth
index of CA25 was 1.92 compared to 1.86 in the control group. The viscerosomatic index of CA25 was
36.7% lower than that of the control group. After 8 weeks, the protein content decreased from 19.7 to
17.5% in the CA25 group. The ascidian tunic extract content in the viscera was much higher than in
muscle (0.13 vs. 0.03 mg/100 g) after 8 weeks. At the start, the n-3 fatty acid content of the experimental
fish was 25.2% in muscle and 23.7% in viscera. The CLA content in muscle in the CA25 group was
2.1% after 4 weeks and 2.3% after 8 weeks. By contrast, the CLA content in viscera did not change

after 8 weeks.
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e, T8 22 FAoRE dlde = CLAY carotenmds
& Atge Hrtste] atstan, AARAALAENE AT
AT AR 7F BarE A Y (Guo, 2010). CLAE ©fv] % Aﬂ?ﬂ

Ao 2 43 linoleic acid] ]%7;3@ A g 78184
ol gAE FH = 7154 BEAEN B2 ATl 95k
getazl, AL A, rtstas, 5943, Gaksla )
Soll 73k Bazk B (Ip et al, 2002). ©] F CLAE €] =ol| A
7S S8 7154 ABREAR ATHALL, v A

2006 F-E] g2 55 0] oF 5P A (KFDA) A 717578 213
AZAFRS A Felueka, 200900 1LA]E A E o7
Q1A E] 7)ol o]2 7t} (KFDA, 2009). Carotenoids & A| 732 ¢t

abste & 7H AAAIS A=A oF A o]A], o] Fo] A
N T F&3 75 E et sleH eod A&
H7HE, oopgAl, AR H7HE SRk vk o] &+
2t} (Bauerfeind, 1981).

FA AR CLAYE H71e 35 o] 7o) 5] Hash
AA 20l gk -2 7F ATk (Twibell et al,, 2001). 1
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3 = Ag 2T g A ()
HE AR A AAFE o] 8 EP (extruded pellet) Ab=E
Fo] &L, AFAE ] £AL Table 13+ 2tk CLA 2 HA
Ad FEA0 AVMAIEE 8 JEF T e L3
SF 3L, CA259 & Control®] AF#HS &< THE CLA 2.5%
ARA FE34 1%E A7k BEssin 249

=
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A FEt] Az, AAANE F 1% &
(Choi et al., 1994).

CLAE (5)HKHFo] @ o 4 3}etz o7 A9 HA7+3
HAARE 593 CLAS AA| AR %] 25%7) == H718+9
o} B Ao A&% CLAE linoleic acidZ -8 4 a}ho]
9,t11-CLAC] A A 9} t10,c12-CLACI A A7} 2H2t 48%4 8-
Hol Slar 1 9] o]l vHe R TFE QUSdTh CLA
EEE 25%= AAE AL Kang and Choi (1998) CLAAES
Tolste] oJoje] s SAH A+ AE sk
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Table 1. Compositions of the experimental diets

Dietary treatments (g/kg)

Ingredients Control CA25
Fish meal 550 550
Soybean meal 70 70
Wheat flour 250 250
Yeast 10 10
Vitamin mix" 10 10
Mineral mix® 10 10
Soybean oll 40 40
Fish oil (squid liver) 60 19
CLA (purity 79%) 0 31
Carotenoids® 0 10

The values are mean+S.D. (n=3).

'Vitamin mixture (mg kg' diet or IU): thiamin, 50 mg;
riboflavin, 60 mg; calcium pantothenate, 200 mg; biotin
1 mg; folic acid 20 mg; pyridoxine, 40 mg;
cyanocobalamimin, 0.05 mg; niacin, 250 mg; ascorbic acid,
1000 mg; inositol, 400 mg; retinyl acetate, 8000 IU;
DL-cholecalciferol, 2400 1U; DL-alpha tocopherol acetate
300 IU; sodium menadione bisulphate, 5 mg.

*Mineral mixture (mg kg'): calcium carbonate, 850 mg;
magnessium oxide, 750 mg; copper sulphate, 25 mg;
manganese sulphate, 100 mg; ferric citrate, 150 mg; zinc
sulphate, 120 mg.

3Carotenoids; Ascidian tunic extracts.

e ARG ALSE FAauSelE &3
g A E-2 AOACH (1990)°) F3}o] =5
105°Col A A7t d Az, 2388 550°ColA A2 3] 8}
W, Z2A 2 semi-micro Kjeldahl o2 HAZFA 5 o
A A (6.25)% o] &3FR o, A4S Bligh and Dyer'H
(1959) 0.7 B3

FAQe) 223 AW 24

A A o] %2 Bligh and Dyer® (1959)l w2} chloroform:
methanol &3H-&-1] (2:1, viv)& HHE 353 o} X324
S o] g3t ANA FRE BE T, AHF S 553519
ZEEXE 100 mLE F&3 o FAE 54 el
o} A A 28-S Y8 AOCSH (1990)° Wl 50 mg2)
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o A& F3% F, 100ClA 323 7HEste] Astatdith
W F 10 N HSO4 2 mLE T§F -, 55°CollA] 207 7 s}
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ratex= 1:1000.% A3k} 7F 944 Aike] s B35
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Carotenoids =] 54

% carotenoids®] -2 460 nmol A Umeda et al. (1971)2]
W o whE} UV/VIS spectrophotometer (Shimadzu UV-1700,
Shimadzu Co., Kyoto, Japan)Z =743}l th3-2] Ao 2|5}
AR,

OD (Amax) x Vol x 1,000

Total carotenoids (mg/100 g) =—
E"1cn (2,660) x weight sample (g)

oluj B, = extinction coefficientsS EFUI™, AlHo] &
v chloroform®] 3714+ 2,660% AF&3F3ITH (Whang, 1999).
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Table 2. Proximate composition of the experimental diets

Dietary treatments (%)

Proximate composition

Control CA25
Moisture 27.6+0.3° 27.0£0.1°
Crude protein 32.3+5.17 31.9+1.6°
Crude lipid 5.8+0.5 7.3+0.5°
Ash 8.8+0.2° 8.1+0.2°

The values are mean+S.D. (n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
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Table 3. Fatty acid compositions of experimental diets (%
of total fatty acids)

Fatty acids Control CA25
14:00 3.9+0.0 3.4+0.2
15:00 0.5+0.0 0.4+0.0
16:00 16.1£0.1 14.2+0.0
18:00 45+0.1 4.0£0.0
> Saturates 26.8 24.0
16:1n-7 5.0+0.1 4.4+0.0
18:1n-9 18.9+0.2 17.2+0.1
18:1n-7 3.0£0.1 2.6+£0.0
20:1n-11 0.9+0.0 1.4£0.1
20:1n-9 1.3£0.9 1.6£0.0
22:1n-11+13 1.7£0.0 1.3£0.0
22:1n-9 0.4+0.0 0.4+0.0
> Monoenes 321 29.0
16:2n-4 0.5+0.0 0.5+0.0
16:3n-4 0.7£01 0.8+0.1
16:4n-1 0.9+0.0 1.2+£0.0
18:2n-6 15.2+0.1 12.1+£0.2
18:3n-3 2.0+£0.2 1.4+£0.0
CLA-1" 0.0£0.0 6.5+ 0.1
18:4n-3 1.3£0.0 1.2£0.0
CLA-2 0.0£0.0 6.7+ 0.1
20:4n-6 0.8+0.1 0.6+£0.0
20:5n-3 6.0+ 0.1 5.8+ 0.1
22:5n-3 1.6£0.1 1.4+0.0
22:6n-3 7.7+ 0.6 5.8+0.0
> Polynenes 42.0 48.0
Total CLA 0.0 13.1
>n-6 17.0° 13.3°
>n-3 19.9% 16.5%
>n-3/>n-6 1178 1.24%

The values are mean+S.D. (n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
'CLA-1: ¢9,t11-CLA, *CLA-2: t10,c12-CLA.
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Table 4. Growth performance of mackerel fed with different
diets for 8 weeks

Control CA25
Initial body weight (g) 272.0£22.6° 272.0£22.6°
Final body weight (g) 423.3+25.8 431.3+27.4°
Initial viscera weight (g) 26.0£5.1% 26.0£5.17
Final viscera weight (g) 44.8+6.8° 37.5+3.9°
DGI" 1.86° 1.92°
FCR? 1.00° 1.00°
vsP® 12.0° 7.60°

The values are mean+S.D. (n=6). Different superscript letters

within rows represent significant differences between

treatments (P<0.05).

'DGI; Daily growth index=100x[(Final body weight)m-
(Initial body weight)'”]/days.

’FCR; Feed conversion ratio=100x[Total fed amount/(Final
body weight-Initial body weight)].

*VSI;  Viscerosomatic index=100x(viscera weight/body
weight).
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Table 5. Proximate composition (%) of the mackerel fed with
different diets for 8 weeks

0 week 4 week 8 week
Control Control CA25 Control CA25
Moisture 65.1£3.1 58.0+0.5 57.0+0.4 57.0+0.8 54.8+0.8
Protein 18.0+2.3 21.2+3.0 19.740.9 17.4+1.0 17.5%£2.5
(51.6) (50.4) (45.8) (40.4) (38.7)
Lipid M 11.1£2.6 18.6£0.3 19.240.9 23.1x2.4 24.3+0.1
(31.8) (44.3) (44.7) (51.7) (54.6)
Lipid V2 141£26 19.1£3.2 21.1+0.2 32.1+2.7 26.5+3.1
(40.4) (51.7) (49.1) (71.8) (59.6)
CLA M 21 2.3
CLA V 1.8 1.8
Ash 1.6£0.4 1.310.4 1.8+0.2 1.4+0.0 1.310.3
(3.6) (2.9) (4.0) (3.1) (2.9)

The values are mean+S.D. (n=3). Parenthesis is dry basis.
Control, CA25; refer to the comment in Table 1.
1M; Muscle, 2V; Viscera.

Table 6. Carotenoids content of muscle and viscera in
mackerel fed with different diets for 8 weeks

Feeding Dietary treatments (mg/100 g)

periods Samples Control CA25

4 week  Muscle 0.01+0.0° 0.08+0.0°
Viscera 0.02+0.1° 0.15+0.0°

8 week  Muscle 0.03x0.0° 0.10%0.0°
Viscera 0.030.0° 0.130.0°

The values are meantS.D. (n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.

aso]l F3 WA carotenoids3H W3}
3150 AFS 4, 85 3 &3 9] carotenoids
Table 6o YEFSTE & A3 E YAHHANA F53
carotenoidsE AH-8-3F =] ©]i= Lee et al. (1994)°l] 2]3}] 47|
A4 FEEo] FAAHZIAS  carophyll pink (Hoffman
La-Roche, Basle, Switzerland)2} 22 A g 371 o] A5
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ksl 7S W’E}”]E} (Tee, 1992). [3-carotene ¥}
astaxanthin =< 7F2lak a2k3F 53 8 olyzl AFE A
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Table 7. Fatty acid compositions of muscle and viscera lipid
in mackerel at the start of the experiment (% of total fatty
acid)

Fatty acids Muscle Viscera
14:0 3.6+ 0.0 3.7+ 05
15:0 0.4 % 0.0 0.4 + 0.1
16:0 171 £ 0.0 19.3 + 0.8
17:0 05+ 04 0.5+ 0.1
18:0 48+ 1.1 +5.2+ 0.1
> Saturates 271 29.7
16:1n-7 6.3+ 0.1 6.4 + 0.6
18:1n-9 19.3 £ 0.1 19.8 £ 0.6
18:1n-7 3.9+ 0.1 39+ 0.2
20:1n-11+9 25+ 0.0 21+ 0.8
22:1n-11+13 1.6 = 0.1 1.5+ 05
22:1n-9 0.5+ 0.1 0.6+ 0.3
> Monoenes 35.6 36.1
16:2n-4 1.1+ 0.0 1.0+ 0.1
16:3n-4 0.7 £ 0.0 09+ 0.1
16:4n-1 0.6 £ 0.1 0.4 + 0.1
18:2n-6 1.7 £ 0.1 1.3+ 05
18:3n-4 05+ 0.4 0.2+ 0.0
18:3n-3 0.8+ 0.1 0.6 + 0.1
18:4n-3 1.7 £ 0.0 14 + 0.0
20:2NMID 04 % 0.1 0.4 + 0.1
20:4n-6 1.2+ 0.0 1.2+ 0.0
20:4n-3 0.6+ 0.5 0.5+ 0.1
20:5n-3 76+ 0.0 7.7+ 06
21:5n-3 0.5+ 0.1 05+ 0.2
22:5n-3 1.8+ 0.6 19+ 0.3
22:6n-3 11.7 £ 0.0 109+ 0.5
>.Polyenes 34.5 31.6
Total CLA 0.0 0.0
>n-6 4.4° 3.5°
>n-3 25.2° 23.7%
>n-3/>n-6 5.7° 6.7°

The values are mean+S.D. (n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).
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ZA8) = 11.7%= Ve e A9 C16:03 C18:12
Z+ZF 19.3% 2 23.7%93 2L, EPA 244 7.7%, DHA ZA1H)
T 10.9%= 3 Ugde] AAal 24 & Afole Sl
T3 S U B2 717} 35.6%, 36.1%, 8] ik
34.5%, 31.6%, n-3 HUFA ZAIH|= 25.2%, 23.7%= &l

o] 1g] & zkol & HolX| gkt 53] 1159] 9] HUFAQ
A9 AA AHWAE 31.6-34.5%S 2FA|EH=H| ©] 5 n-3 HUFA
7} 2HA] s Bl F 0] 73.0-75.0% ©l At

Table 8. Fatty acid compositions of muscle lipid in mackerel
after feeding the experimental diets for 4 week (% of total
fatty acid)

Fatty acids Control CA25
14:0 29+ 05 3.1+ 0.2
16:0 19.0+ 0.6 18.6 + 0.4
17:0 0.5+ 0.1 0.5+ 0.1
18:0 56+ 0.2 69+ 04
>.Saturates 28.9 30.0
16:1n-7 58+ 0.2 56+ 0.3
18:1n-9 257+ 0.8 232+ 03
18:1n-7 41+ 01 3.8+ 0.2
20:1n-11+49 24+ 06 3105
22:1n-11+13 14+ 04 14+ 0.3
>Monoenes 40.8 38.5
16:2n-4 1.0+ 0.1 06+ 05
16:3n-4 0.9+ 01 0.8+ 0.0
18:2n-6 3.0+ 05 3.3+ 08
18:3n-6 0.3+ 0.0 0.3+ 0.0
18:3n-4 0.3+ 0.0 0.2+ 01
18:3n-3 0.7+ 0.0 0.6 + 0.1
CLA-1" 0.0+ 0.0 1.1 +40.5
18:4n-3 1.1+ 01 1.1+ 01
CLA-29 0.0+ 0.0 1.0+ 05
20:2NMID 0.6+ 0.1 05+ 01
20:4n-6 1.3+ 0.1 08+ 0.5
20:4n-3 0.5+ 0.0 05+ 0.0
20:5n-3 56+ 0.2 57+ 0.2
21:5n-3 0.3+ 0.0 0.3+ 0.0
22:4n-6 0.4+ 0.0 0.3+ 0.1
22:5n-3 1.8+ 0.1 1.8+ 0.1
22:6n-3 9.7+ 1.0 9.2+ 0.9
> Polyenes 29.6 30.5
Total CLA 0.0 21
>n-6 5.6° 5.3%
>n-3 20.0° 19.4°
>n-3/3n-6 3.6° 3.6°

The values are mean£S.D. (n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
'CLA-1; ¢9,t11-CLA, *CLA-2; t10,c12-CLA.
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Table 9. Fatty acid compositions of viscera lipid in mackerel
after feeding the experimental diets for 4 week (% of total
fatty acid)

Fatty acids Control CA25
14:0 3.0+£0.3 3.0+ 01
15:0 04 +0.1 04+ 01
16:0 17.8 £ 1.7 182+ 0.7
17:0 05+0.1 04 +0.1
18:0 8.1+38 71+04
> Saturates 30.3 29.7
16:1n-7 57+04 55+02
18:1n-9 253 +1.2 242+ 16
18:1n-7 42 +0.4 39+02
18:1n-5 0.3+£0.1 0.3+0.1
20:1n-11+9 3307 3005
22:1n-11+13 17104 1.7+ 0.6
> Monoenes 41.6 39.9
16:2n-4 1.1+0.1 1.0 £ 0.1
16:3n-4 09+0.2 0.8 +0.1
18:2n-6 27 +0.6 30+£04
18:3n-6 04 +0.3 0.2+0.0
18:3n-3 0.6 £ 0.0 22+28
CLA-1" 0.0 £0.0 09+02
18:4n-3 1.1+£0.2 0.9 £ 0.0
CLA-2? 0.0 £0.0 0.8+0.2
20:4n-6 1.5+0.0 1.3+0.1
20:4n-3 0.6 £0.1 06+0.3
20:5n-3 56 +0.7 53+04
22:4n-6 0.3+£0.0 0.3+0.0
22:5n-3 1.7+0.2 1.5+ 0.1
22:6n-3 74+ 3.6 8.3+09
>Polyenes 27.5 30.2
Total CLA 0 1.8
>n-6 5.7° 5.4°
>n-3 17.5° 19.2°
>n-3/>n-6 3.1% 3.6°

The values are mean+S.D.(n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
'CLA-1; ¢9,t11-CLA, *CLA-2; t10,c12-CLA.
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Table 10. Fatty acid compositions of muscle lipid in mackerel

after feeding the experimental diets for 8 week (% of total
fatty acid)

Fatty acids Control CA25
14:0 29+ 0.1 29 0.0
15:0 0.3+ 0.0 0.3+ 0.0
16:0 181+ 05 179 £ 0.0
17:0 0.4+ 0.0 0.4+ 0.0
18:0 54+ 0.1 6.7 £ 0.1
20:0 0.2+ 0.0 0.3+ 0.0
> Saturates 27.5 28.8

16:1n-7 6.0 £ 0.1 5.7+ 0.1
18:1n-9 28.2+ 0.5 254 + 0.1
18:1n-7 44 + 0.1 40+ 0.0
20:1n-11 1.1+ 0.3 09+ 0.0
20:1n-9 22+ 04 21+ 0.1
22:1n-11+13 1.6 + 0.1 1.8+ 0.1
>Monoenes 44.6 41.0

16:2n-4 0.3+ 0.0 0.4+ 0.0
16:3n-4 0.8 0.0 0.7 £ 0.0
18:2n-6 3.1+0.2 3.5+ 0.1
18:3n-3 0.7 £ 0.0 0.7 £ 0.0
CLA-1" 0.0+ 0.0 1.2+ 0.2
18:4n-3 09 0.0 1.0+ 0.0
CLA-2? 0.0 £ 0.0 11202
20:2NMID 0.6 £ 0.1 0.5+ 0.0
20:4n-6 1.3+ 0.1 1.2+ 0.0
20:3n-3 0.3 0.0 0.0+ 0.0
20:4n-3 0.5+ 0.0 0.5+ 0.0
20:5n-3 55+ 0.1 5.8+ 0.1
22:5n-3 1.7 £ 0.1 1.7+ 0.0
22:6n-3 9.0+ 0.3 89+ 03
> Polyenes 29.4 31.9

Total CLA 0.0 2.3

>n-6 5.6° 5.7%

>n-3 19.0° 19.0°

>n-3/>n-6 3.4° 3.3%

The values are mean+S.D.(n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
'CLA-1; ¢9,t11-CLA, *CLA-2; t10,c12-CLA.

Table 11. Fatty acid compositions of viscera lipid in mackerel
after feeding the experimental diets for 8 week (% of total
fatty acid)

Fatty acids Control CA25
14:0 26+ 0.1 26+0.2
16:0 175+ 0.4 174 £ 0.5
17:0 04 0.0 04 +0.0
18:0 57+0.2 71+04
> Saturates 27.0 28.5
16:1n-7 52+0.3 56+ 1.3
18:1n-9 29.0 £ 0.3 26.8+ 1.4
18:1n-7 45+ 0.0 42+ 0.2
20:1n-11 0.7+ 0.0 0.8+ 0.2
20:1n-9 25+ 0.1 22+ 041
22:1n-11+13 1.5+ 0.1 1.5+ 0.2




Table 11. continued

Fatty acids Control CA25
> Monoenes 447 42.0
16:3n-4 0.7+ 0.0 0.7+ 0.0
18:2n-6 26+ 0.2 2.8+ 0.3
18:3n-3 0.6 +£0.0 0.6 +£0.0
CLA-1Y 0.0 +£ 0.0 1.0+ 0.2
18:4n-3 1.1+£0.3 0.9+ 01
CLA-2? 0.0+ 0.0 0.8+0.2
20:2NMID 0.8+0.3 0.7+ 0.2
20:4n-6 14 £ 0.1 1.3+ 0.1
20:4n-3 0.6 £ 0.1 0.5+ 0.0
20:5n-3 54 +0.2 56+ 0.3
22:5n-3 1.7+ 01 1.7 £ 0.0
22:6n-3 9.3+ 0.1 91+04
>.Polyenes 29.8 30.7
Total CLA 0.0 1.8
>n-6 5.3° 5.2°
>n-3 19.3% 18.8°
>n-3/>n-6 3.6° 3.6°

The values are mean+S.D.(n=3). Different superscript letters
within rows represent significant differences between
treatments (P<0.05).

Control, CA25; refer to the comment in Table 1.
'CLA-1; ¢9,t11-CLA, *CLA-2; t10,c12-CLA.
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