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This study was performed to assess the antioxidative properties of lipid from aquacultured mackerel Scomber
Jjaponicus fed with a diet fortified with conjugated linoleic acid (CLA) and ascidian Halocynthia roretzi
tunic extracts by radical scavenging assay. The fish were separated into squid oil (Control) and 2.5% CLA
(CA25) groups during the 8-week feeding period. The reducing power of each sample showed high levels

of activity compared with a-tocopherol and butylated-hydroxyanisol (BHA) at 0.2-1.0

mg/mL of lipid.

Inhibition of linoleic acid oxidation in samples from Control and CA25 groups showed similar activity
after 2 days of incubation at 40°C. The 2,2-diphenyl-1-picrylhydrazyl (DPPH), superoxide, and hydroxyl
radical scavenging activities of CLA and carotenoid-deposited sample (CA25) were higher than those of
the Control group. The results indicated that the lipid extracted from the viscera of mackerel showed slightly

higher antioxidant activities than that from the muscle.
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Table 1. Compositions and proximate analysis of the basal
diets

Dietary treatments (%)

Ingredients

Control CA25
White fish meal’ 55.0 55.0
Soybean meal 7.0 7.0
Wheat meal 25.0 25.0
Yeast 1.0 1.0
Vitamin mix? 1.0 1.0
Mineral mix® 1.0 1.0
Soybean oil 4.0 4.0
Fish oil (squid liver) 6.0 1.9
CLA (purity 79%)" 0 3.1
Ascidian tunic extracts 0 1.0

Proximate analysis

Moisture 27.6 27.0
Crude protein 323 31.9
Crude lipid 5.8 7.3
Ash 8.8 8.1

'White fish meal supplied by Chunhajeil Feed Co., Dajeon,
Korea.

*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
IU; 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.

‘CLA (conjugated linoleic acid) supplied by HK Biotech Co.
Ltd., Jinju, Korea.
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DPPH radical scavenging activity (%) = [l - (Sample
Abs/Control Abs)] x 100
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Superoxide radical scavenging activity (%) = [1 - (Sample
Abs/Control Abs)] x 100
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Hydroxyl radical 2271842 Chung and Osawa (1998)<]
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Hydroxyl radical scavenging activity (%) = [1 - (Sample
Abs/Control Abs)] x 100
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Fig. 1. Reducing power of lipid extracted from muscle (A)
and viscera (B) of mackerel after fed with experimental diets
for 8 weeks. Final concentration of samples and standards
(0.2~1.0 mg/mL). a-Toco; a-Tocopherol, BHA; butylated
hydroxy anisole, 4GM; lipid extracted from mackerel muscle
fed without CLA for 4 weeks, 4CM; lipid extracted from
mackerel muscle fed with CLA 2.5% for 4 weeks, 8GM;
lipid extracted from mackerel muscle fed without CLA for
8 weeks, 8CM; lipid extracted from mackerel muscle fed
with CLA 2.5% for 8 weeks, 4GV; lipid extracted from
mackerel viscera fed without CLA 2.5% for 4 weeks, 4CV;
lipid extracted from mackerel viscera fed with CLA 2.5%
for 4 weeks, 8GV; lipid extracted from mackerel viscera fed
without CLA 2.5% for 8 weeks, 8CV; lipid extracted from
mackerel viscera fed with CLA 2.5% for 8 weeks.
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Fig. 2. Linoleic acid autoxidation of lipid extracted from
muscle (A) and viscera (B) of mackerel after fed with
experimental diets for 8 weeks. Final concentration of samples
and standards (100 pg/mL). L-A; Linoleic Acid, a-Toco;
a-Tocopherol, BHA; butylated hydroxy anisole, 4GM; lipid
extracted from mackerel muscle fed without CLA for 4 weeks,
4CM; lipid extracted from mackerel muscle fed with CLA
2.5% for 4 weeks, 8GM; lipid extracted from mackerel muscle
fed without CLA for 8 weeks, 8CM; lipid extracted from
mackerel muscle fed with CLA 2.5% for 8 weeks, 4GV;
lipid extracted from mackerel viscera fed without CLA 2.5%
for 4 weeks, 4CV; lipid extracted from mackerel viscera fed
with CLA 2.5% for 4 weeks, 8GV; lipid extracted from
mackerel viscera fed without CLA 2.5% for 8 weeks, 8CV;
lipid extracted from mackerel viscera fed with CLA 2.5%
for 8 weeks.
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Fig. 3. DPPH radical scavenging effect of lipid extracted
from muscle (A) and viscera (B) of mackerel after fed with
experimental diets for 8 weeks. Final concentration of samples
and standards (200 mg/mL). a-Toco; a-Tocopherol, BHA;
butylated hydroxy anisole, 4GM; lipid extracted from
mackerel muscle fed without CLA for 4 weeks, 4CM; lipid
extracted from mackerel muscle fed with CLA 2.5% for 4
weeks, 8GM; lipid extracted from mackerel muscle fed
without CLA for 8 weeks, 8CM; lipid extracted from mackerel
muscle fed with CLA 2.5% for 8 weeks, 4GV; lipid extracted
from mackerel viscera fed without CLA 2.5% for 4 weeks,
4CV; lipid extracted from mackerel viscera fed with CLA
2.5% for 4 weeks, 8GV; lipid extracted from mackerel viscera
fed without CLA 2.5% for 8 weeks, 8CV; lipid extracted
from mackerel viscera fed with CLA 2.5% for 8 weeks.
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Fig. 4. Superoxide radical scavenging activity of lipid
extracted from muscle (A) and viscera (B) of mackerel after
fed with experimental diets for 8 weeks. Final concentration
of samples and standards (200 mg/mL). a-Toco; a
-Tocopherol, BHA; butylated hydroxy anisole, 4GM; lipid
extracted from mackerel muscle fed without CLA for 4 weeks,
4CM; lipid extracted from mackerel muscle fed with CLA
2.5% for 4 weeks, 8GM; lipid extracted from mackerel muscle
fed without CLA for 8 weeks, 8CM; lipid extracted from
mackerel muscle fed with CLA 2.5% for 8 weeks, 4GV,
lipid extracted from mackerel viscera fed without CLA 2.5%
for 4 weeks, 4CV; lipid extracted from mackerel viscera fed
with CLA 2.5% for 4 weeks, 8GV; lipid extracted from
mackerel viscera fed without CLA 2.5% for 8 weeks, 8CV;
lipid extracted from mackerel viscera fed with CLA 2.5%
for 8 weeks.

kol Aol ow w2 Ao rIldva 4 H A (Park
et al, 2010a). WS Aol A S E

H=ol=5 sl slow, 53] s dEe] A
wol=9] £2 Fao] Hrkal 31T} (Ookubo and Matsuno,
1985). Choi et al. (1994)°l <3t YA HAd T4 7H= |
mol= 32 479 mg/100 golil, 5= /d&S alloxanthin
(31.3%), halocynthiaxanthin (15.5%), diatoxanthin (11.9%) %
astaxanthin (7.8%) 2.2 o]E°] g% F4EA<] carbonyl
D hydroxyl7] &} 3G ol5 Ao ol 93t radical 2AE
Aol ggkS mRtkal 33T (Zulueta et al., 2007).
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Fig. 5. Hydroxyl radical scavenging activity of lipid extracted
from muscle (A) and viscera (B) of mackerel after fed with
experimental diets for 8 weeks. Final concentration of samples
and standards (200 mg/mL). a-Toco; a-Tocopherol, BHA;
butylated hydroxy anisole, 4GM; lipid extracted from
mackerel muscle fed without CLA for 4 weeks, 4CM; lipid
extracted from mackerel muscle fed with CLA 2.5% for 4
weeks, 8GM; lipid extracted from mackerel muscle fed
without CLA for 8 weeks, 8CM; lipid extracted from mackerel
muscle fed with CLA 2.5% for 8 weeks, 4GV; lipid extracted
from mackerel viscera fed without CLA 2.5% for 4 weeks,
4CV; lipid extracted from mackerel viscera fed with CLA
2.5% for 4 weeks, 8GV; lipid extracted from mackerel viscera
fed without CLA 2.5% for 8 weeks, 8CV; lipid extracted
from mackerel viscera fed with CLA 2.5% for 8 weeks.

< (Kwon et al., 2007), o] 7]o] TCA (trichloroacetic acid) gy}
TBA (thiobarbituric acid) &S 7}5ke] 100°Col A 71L&
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A3= Fig. 59 Y. Hydroxyl radical A2AZAL «
-tocopherol®} BHAS] 4% 2+t 55.6%%} 68.1%%= L EFSEAL,
150 & A4 (A) A EQ 4GM, 4CM, 8GM, 8CM Y] 4%
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