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Three groups of black seabream (Acanthopagrus schlegeli) were fed with treatment diets containing cer-
tain concentrations of conjugated linoleic acid (CLA) and carotenoids. The control group feed con-
tained 0% CLA and 0% carotenoids, the CP10 group feed contained 1% CLA and 0.1% carotenoids,
and the CP25 group feed contained 2.5% CLA and 0.1% carotenoids. The CP10 and CP25 groups dem-
onstrated the enhanced growth and increased feed conversion efficiency of black seabream. The specif-
ic growth rates (SGRs) were 0.74, 0.81, and 0.97, while the feed conversion ratios (FCRs) were 2.65,
246, and 2.04 for the control, CP10, and CP25 groups, respectively. The total contents of high un-
saturated fatty acid (HUFA) for the control, CP10, and CP25 groups were 41.0%, 41.7%, and 43.5%,
respectively. CLA was deposited to the extent of 2.8% and 5.6% in the muscle, and 4.0% and 8.3%
in the viscera of the CP10 and CP25 groups, respectively. Meanwhile, treatment with the viscera lipid
extract (VLE) from CP25 fish evidently lowered 3T3-L1 adipocytes viability. The lipid extract from the
muscle and viscera of black seabream contained ample amounts of beneficial substances, such as CLA,
carotenoids, EPA, and DHA. CLA, which enriched black seabream muscle, could be categorized as
a functional food and serve as a well-being food. Meanwhile, the fish oil from its viscera could serve
as a high function supplement.
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Introduction

Fish and fishery products are one of the most traded
food commodities worldwide. Approximately 148 million
tons of fish were produced from wild-captured fisheries
and aquaculture in 2010. Total seafood supply was in-
creased by 2.5% more than in 2009 and forecasted would
reach 160 million tons in 2013. About 86% of total world-
wide fish product was consumed as food [11]. Recently,
many studies were made with respect to the role of poly-
unsaturated fatty acids (PUFAs) contained in fish. The
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health benefits of omega-3 polyunsaturated fatty acids (n-3
PUFAs), mainly eicosapentaenoic acid (EPA 20:5) and doco-
sahexaenoic acid (DHA, 22:6), have been long known.
Conjugated linoleic acid (CLA), one of the PUFAs, is the
natural and functional fatty acids in meats and dairy prod-
ucts from ruminant animals. Other significant biological ac-
tivities such as body fat reduction and modulation of cho-
lesterol content in blood were reported [5, 9, 13, 23]. PUFAs
are also major component of cell's membrane. It plays im-
portant roles in regulating physiological and biochemical
process in cells as well as chemoprotector [12, 39]. Long
chain (LC)-PUFAs have vital functions in regulating growth,
lipid metabolism, membrane fluidity, immune function,
nervous system and vision development [2, 32]. Specific ra-
tio of n-6/n-3 PUFA on diet were proofed influence on ag-
ing and degeneration on muscle tissue, brain, as well as
suppressed inflammatory and autoimmune diseases [29, 30].

CLA is a group of positional and geometric isomers of



linoleic acid. Naturally, this compound was found in varie-
ty of food product such as dairy product and poultry [7].
CLA is widely used in weight loss management to reduce
body fat mass. This fat mass is known as a key factor of
the metabolic syndrome like insulin resistance as well as
Type 2 diabetes [36]. Dietary CLA has been confirmed to
have some beneficial effects on body compositions in mam-
mals by decreasing its body fat mass and increase lean
body mass [25]. CLA combined with fish oil was proofed
to enhance insulin sensitivity, as well as lower bone mar-
row adiposity, inflammation, and oxidative stress in aging
mice [16]. Higher content of CLA in food products might
increase their nutritional and therapeutic value. Several re-
ports have been published for value added of CLA in fish
eg. 05 to 2% of CLA were given to rainbow trout [35],
Atlantic salmon with 0.5 to 4% of CLA in its feed [3], 0.5
to 1% of dietary CLA given to hybrid striped bass [33].
The results of those studies indicated that the abilities of
fish incorporated CLA were vary from species to species.
The developmental stage of the fish and the dietary CLA
level were shown affecting fish growth and the pattern of
lipid metabolism.

Consumers are more aware of the relationship between
health and diet. This awareness drives them to choose food
which has more nutritional value and benefit to their
health. Dietary CLA was one of the ways to amplify its con-
centration in fish. However, this method has a drawback,
since CLA has prominent effect as body fat reducer thus
it will lower harvest weight. This study aims are to inves-
tigate the influence of dietary conjugated linoleic acid
(CLA) in alliance with carotenoids on growth and fatty acid
composition in black seabream, and to examine the impact
of black seabream lipid extract on 3T3-L1 cells. The addition
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of carotenoids will feasibly maintain the weight of the fish
as well as enhance meat coloring. In the market, CLA main-
ly sold in form of free fatty acid and derived synthetically
from meat and dairy products [24]. The incorporation of
CLA into black seabream feed would switch this free fatty
acid into triglycerides during its fat metabolism and de-
posited CLA in its muscle, thus will be safer and more ap-
pealing for the consumer.

Materials and Methods

Materials

Commercial diet for black seabream was obtained from
Kyeongnam Feed Co. (Tongyeong, Korea). The pellets (+6
mm in diameter) were analyzed for its general composition
(Table 1) and fatty acid content (Table 2). Feed pellet then
coated with 10% (v/w) fish oil contains designated concen-
tration of CLA and carotenoids (Control group: 0% CLA
and 0% carotenoids; CP10: 1% CLA and 0.1% carotenoids;
CP25: 2.5% CLA and 0.1% carotenoids). CLA (purity >
77%) was supplied by HK Biotech Co. (Jinju, Korea), which
consisted: 39% cis-9, trans-11 CLA; 39% trans-10, cis-12 CLA;
and 2% other CLA isomers (cis-9, cis-11; cis-10, cis-12; trans-
9, trans-11, and trans-10, trans-12 CLA). Commercial car-
otenoids that being used in this study was Carophyll Pink”
(contained 10% astaxanthin) obtained from Vixxol Co.
(Anyang, Korea). Fish oil was attained from E-Wha Oil Co.
Ltd. (Pusan, Korea). Black seabream (Acanthopagrus schlegeli)
(weight 130.0£16.1 g) were acquired from Jeil Fisheries Co.
(Tongyeong, Korea). Fishes were acclimatized to natural sea
conditions and fed with the control diet for two weeks prior
to the experiment.

Table 1. Proximate composition of the experimental feed and black seabream after treatment

Experimental feed'

Black seabream’

Control CP10 CP25
Control CP10 CP25 - - -
Muscle Viscera Muscle Viscera Muscle Viscera
Moisture 27.4+05"  283+0.3"  28.0+0.3"  75.4+0.1° 745+0.1° 74.2+0.3°
Ash 6.9+0.5% 6.3+0.3° 6.5+0.4° 1.6+0.1° 1.5+0.2° 1.3+0.1°
Crude protein2 40408  39.8t1.8"  40.6t29" 17.6£0.7° 18.6t1.5° 19.0+0.7°
Lipids 5.410.6" 5.8+0.3" 5.7+0.5% 2.7+0.2°  27.8%1.2° 2601 27.1£0.8" 24+02°  254+05°

Carbohydrate’  19.9+03"  19.8+06"  19.240.8°

'The values are mean + SD (1=3), % of dry basis. Different superscript letters within lipids of viscera group represent significant

differences between treatments (p<0.05).
*Crude protein=N x6.25,

*Total carbohydrates were calculated by subtraction: 100- (% moisture+ % ash + % protein+ % lipid).
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Table 2. Biological parameters and growth of black seabream
after feeding the experimental diets'

Dietary treatments
Control CP10 CP25

130.0+6.1 130.0t6.1 130.016.1
197.6£29.8 205.6£21.8 224.6t41.1

Item

Initial mean weight (g)
Final mean weight (g)

Final liver weight (g) 168145 17.0+16  14.2+4.1
Final viscera weight (g) 28+1.5 3.0£1.0 32404
SGR? 0.74° 0.81° 097
FCR® 2.65° 2.46™ 2.04°
vsr* 850" 827" 6.32°
HSI 1.42° 1.46° 1.42°

'Values are means from triplicate groups of fishes (n=15) where
the values in each row with different superscripts are sig-
nificantly different (p<0.05).

’SGR, Specific growth rate (% day) = 100 (Log. final weight-
Log. initial weight)/days.

°FCR, Feed conversion ratio = [Wet weight gain (g)/dry feed
intake (g)] *100.

*VSI, Visceralsomatic index = [Visceral weight (g)/fish weight
(8)] ¥100,

°HIS, Hepatosomatic index = [Liver weight (g)/fish weight (g)]
x100.

Experimental procedures

One thousand and five hundred fishes were randomly
distributed into three groups (Control, CP10 and CP25) and
allotted to cages of 175 m’ (5 m x 5 m x 7 m) in size.
Treatments were conducted for 8 weeks, feed were given
3% of fish body weight, twice a day at 10:00 am and 17:00
pm until satiation. The experiment was conducted during
summer (June-August) in sea area of Tongyeong, Korea.
Water quality was monitored twice a week at 08:00-09:00
am. Data on feed intakes and weight gains were acquired
every 15 days. Fishes were fasted 24 hr before sampling.
Five fishes from each group were captured randomly and
exposed to lethal dose of MS-222 (anesthetic, ethyl m-ami-

nobenzoate methanosulphonate).

Fish diets

Commercial fish feed for this study was a mixture be-
tween white fish meal 55%, soybean meal 7%, wheat flour
25%, and yeast 1%. These were enriched with vitamins pre-
mixes up to 1% and minerals premixes 1%. This commercial
feed was later coated with 10% (v/w) fish oil contained
CLA and carotenoids. The result of proximate compositions
analysis of the feed was shown in Table 1. This composition
was within the range that suggested by Hardy and Barrows
[18].

Analyses of proximate composition and fatty acids
profile

Proximate composition of fish feed and black seabream
muscle were analyzed. Protein content was determined
with Kjeldahl method [1]. Total Lipid content was analyzed
with Bligh and Dyer [4] method. The moisture and ash of
the samples were determined with methods according to
AOAC [1]. For fatty acid methyl ester (FAME) analysis,
Park et al. [26] method was employed. In brief, fifty milli-
grams of lipid extract was added with 1.5 ml 1.0 N NaOH.
The mixture was heated at 100°C for 30 min and cooled to
room temperature afterward. Three milliliters of 1.0 N
H550, was added to solution and incubated at 55°C for 20
min. FAME was partitioned to isooctane by adding 1 ml of
it to the mixture. Isooctane fraction was analyzed with gas
chromatography (Shimadzu GC 17-A, Shimadzu Co., Kyoto,
Japan) and Omegawax-320 column (30 m x 0.32 mm ID)
from Supelco Co. (Bellefonte, PA, USA). Injector and
flame-ionization was set at 250°C. The carrier gas was heli-
um with column-inlet pressure set at constant value, 1.0
kg/ em’ and split ratio was 1:100. Oven temperature was set
at 180°C for initial time 8 min to 230°C with increasing rate
3°C/min, the final temperature was kept for 15 min. FAME
authentic standards (Sigma Chemical Co., St. Louis, MO,
USA) and an equivalent chain length (ECL) of menhaden

oil standard (Sigma Chemical Co.) were used as comparison.

Extraction and analysis of carotenoids content

Carotenoids from black seabream muscle and viscera
were extracted with acetone according to Rodriguez-Amaya
and Kimura [28]. Extract were concentrated under reduced
pressure and partitioned to diethyl ether. Carotenoids were
quantified by using UV Spectrophotometer (Shimadzu UV-
1700, Shimadzu, Co., Kyoto, Japan), at 460 nm. The total
carotenoids content was calculated using equation: Total
carotenoids (mg/g) = [O.D. (Amax) x Vol. x 1,000] / [E"10n
(2,400) x weight of sample (g)]. The analyses were con-
ducted in triplicate and data presented as meant standard

deviation.

Cell culture

Lipid extract with the highest CLA content among treat-
ment groups (viscera of CP 25) along with control group
were analyzed for its effect on 3T3-L1 cells. Mouse 3T3-L1
pre-adipocytes were purchased from American Type
Culture Collection (Rockville, MD, USA) and cultured as



described in Kim et al. [20]. Briefly, 3T3-L1 pre-adipocytes
were inoculated into ten culture flasks and grown to con-
fluence at 37°C, 5% CO; in Dulbecco’s modified Eagle’s me-
dium (DMEM) containing 10% bovine calf serum (BCS)
(Gibco Co., New York, NY, USA) with 1% penicillin/
streptomycin. Two days after cell cultures were confluent;
cell differentiation was induced with a mixture of 1 uM
dexamethasone (Sigma Co. St. Louis, MO, USA), 0.5 mM
methyl isobutyl xanthine (Sigma Co.), 1 mM theophylline
(Sigma Co.) in DMEM plus 10% BCS and 5 ng/ml insulin.
In addition of inducer mixture, 1, 10, 50, 100 pg/ml of black
seabream viscera’s lipid extract (VLE) from control and
CP25 group were added respectively. After 48 hr in-
cubation, the medium was replaced with DMEM plus 10%
BCS, 5 ng/ml insulin and VLE of control and CP25 0, 1,
10, 50, 100 pg/ml respectively. Reference group was a cul-
ture without addition of VLE. Cultures were incubated for
another 96 hr. Cell viability was determined with MTS
[3-(4,5-dimethyl-thiazol-2-yl)-5-carboxyethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium]| assay. The treatment me-
dium was replaced with 100 ul fresh medium of 10% BCS
in DMEM and 20 pl of MTS reagents (Promega Co.,
Madison, WI, USA). Cells were then incubated at 37°C in
5% CO, for 24 hr. The absorbance of cells cultures were
read at 490 nm by a microplate reader (Spectramax M
Molecular Devices, Sunnyvale, CA, USA).

Calculation and statistical analysis

Growth performance, feed utilization efficiency and body
indices were calculated as follows: Specific Growth Rate
(SGR) was 100 x (log. final weight) - (log. initial weight)
over number of treatment days. Feed Conversion Ratio
(FCR) was dry feed consumed (kg) over wt weight gain
(kg). Viscerosomatic index (VI) was viscera weight over
body weight times 100, where viscera included liver.
Hepatosomatic index (HI) was equal to viscera weight over
body weight times 100. Data were analyzed for the degree
of variation and significant differences, based on Analysis
of Variance (ANOVA), along with the Tukey’s pair-wise
comparison test between treatment means and Duncan’s
multiple range test (DMRT) to determine the differences.
Analyses were conducted by using the JMP statistical soft-
ware (SAS Institute Inc.,, Cary, NC, USA).
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Results and Discussion

Environmental parameters and growth performance

Observation on sea water quality during rearing of black
seabream revealed that the water temperatures were ranged
from 23.7°C to 25.5°C, dissolved oxygen >6.8 mg/l, pH
7.9-8.1, total ammonia-nitrogen 0.026-0.038 mg/1, and sal-
inity 31.0 g/1. With high benefit for human health, CLA en-
riched meat and fishes will have a big market share.
Experiments for enhancing CLA level on fish muscle by
adding it on its diet have been done. Choi et al. [8] reported
that 1% CLA on diets increased weight gains in common
carp. However, addition of CLA more than 1% would slow
down growth rate in some fishes and lower their final
weight as reported by Yasmin and Takeuchi [40] on tilapia.
Similar effect also found on yellow catfish [31] and hybrid
striped basses [34]. Leaver et al. [22] reported different in-
clination on Atlantic salmon, its growth rate and FCR were
not affected by 1% CLA, but treatment with more than 2%
CLA was evidently lowering its final weights. Twibell and
Wilson [33] reported similar effect on channel catfish.
Experiments to enrich fishes by dietary CLA higher than
1% have shown that it has a tendency to slow down fish
growth and reduce its final weight. To overcome the bottle-
neck, in this study, CLA were given incorporated with
carotenoids.

Result showed that SGR was 0.74, 0.81, and 0.97 and FCR
was 2.65, 2.46, and 2.04 for control, CP10, and CP25 re-
spectively (Table 2). VSI of treatment groups was sig-
nificantly lower from control (p<0.05) but on the other hand
the treatments were raised no difference HSI. The SGR val-
ue of CP25 > CP10 > control, while FCR value CP25 < CP10
< control and VSI value were CP25 < CP10 < control. This
showed that CLA-carotenoid treatments were increased
black seabream growth performance and its feed conversion
efficiency with dose dependent manner. In the meantime,
it also suggested that CP25 was the most effective treatment
for promoting growth and muscle development in black
seabream.

Proximate compositions and fatty acid profile

The proximate compositions of the fishes muscle (Table
1) shown that there was no significantly (p<0.05) different
among the groups. This indicates that the muscle composi-
tion of fishes was not changed after treatment for 8 weeks.
Fatty acid profile of the diets was shown in Table 3. The
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Table 3. Fatty acid compositions' of the experimental feed and black seabream after treatment'

Experimental feed

Black seabream

Fatty acids Muscle Viscera

Control  CP10 CP25 Control  CP10 CP25 Control ~ CP10 CP25
14:00 39401 3100  3.2%00 17401  15%01 1301 23+05 2401  1.7+0.1
15:00 0500 0300 0300 03+0.0 0300  04%00 03+0.0  02+0.0  0.1%0.0
16:00 161403 14303 137409  21.6+04 21.0+1.2 193+17  133+04 13.6+12 11.9+0.9
17:0+phytane 1.0£0.0 09+0.0  0.8+0.0 - - - - - -
18:00 45401  43+01  3.9+0.1 54+00 5401  61+05 24404 25407  2.8+0.1
20:00 03+01 0302 0401 - - - - - -
>Saturated 263" 232 ° 23 ° 318 30.1° 28.9% 185° 18.9° 16.4°
16:1n-7 50405  42+01 42404 52400  66+03  6.706 90414 4407 5701
16:1n-5 02+01 01201  0.2+0.0 03+0.1 02400  0.2+0.0 03400  03%0.0 -
16:1n-9, 7 - - - 195+1.2 190404 187+0.6  258+12 241+11 235+09
18:1n-9 18.9+0.8 17402  165+0.9 - - - - - -
18:1n-7 30401 2601  25%02 - - - - - -
18:1n-5 - - - - - - 03:0.0 0502  02+0.0
20:1n-11, 9 13402 1302  15%04 17402 1801  1.60.1 22402 21402  24%02
22:In-11, 9 17+01  15+01  1.3+0.1 04+0.0 09400  0.6+03 11402 0601  1.1+0.1
SMonounsaturated 30.1° 27.1° 26.2° 27.1° 28.5° 27.8° 38.6° 32.4° 33.0°
16:2n-4 05+0.0 0400  05+0.0 05400  05+01  05+0.0 02400  03%0.0 -
16:3n-4 07+0.0 0602  08+0.0 02400  02+0.0  02%0.0 03+0.0  03%0.1 -
16:3n-1 02+0.0  0.1%0.1 - 2500  3.6+01  3.8%03 - 03+0.1 -
18:2n-6 152402 133+02  11.6+0.0 81+02  64+07  71+04  11.2¢02 109+0.7  10.1+0.4
18:3n-3 20400  17+01  1.4+0.0 08+0.1 0401  04+0.1 11+01 1602  1.1+0.1
CLA1 - 39404  62+03 - 13+0.0  24%0.1 0 23402  41+05
18:4n-3 13+00 12400  1.2+0.0 07+0.0  01x00  01+0.0 13400  05%0.0  05%0.0
CLA2 - 44402  64+02 - 15402  3.2+0.0 0 17402  4.2+0.0
18:4n-1 02+0.0  02:00  02+0.0 0.3+0.0 - - 0.4+0.1 - -
20:2NMID 01+0.0  02:01 0200 - - - - - -
20:2n-6 03+02 0301  0.3+0.0 03+00  02+00  02+0.0 02+0.0  02+00  02+0.0
20:4n-6 08+0.0  05%00  05+0.0 04+01 02400  0.2+00 04+01 0300  03%0.0
20:3n-3 02+00 0100  0.1+0.0 16+03 1402  1.6+0.0 15403 12402  1.6%03
20:4n-3 05+0.0 0401 04200 0501 0401  03%0.0 1.0£01  11+01 11200
20:5n-3 60+0.0 5500  5.6%0.0 62+0.1 5601 55408  102+12 11.7+1.3  10.8+0.8
22:4n-6 - 0.1+0.0  0.1%0.0 03+0.0 0400  03%0.0 03+0.0  02+0.0  03%0.0
22:5n-6 02+0.0  02#00  0.2+0.0 04+0.0  05%00  03+0.0 04400 0300 04200
22:5n-3 16+01 13200  1.3+0.0 21400  21+00  1.8+0.1 29403 30403  3.0+0.1
22:6n-3 77+06  71#01  56+00 15403 162+04 158+14  104+11 11.8+13 127+03
>:Polyunsaturated 37.5° 05 438° 41.0° 41.7° 435° 09 484° 50.5°
Total CLA 0° 93¢ 13.8° 0.0° 28" 5.6 0.0° 40° 8.3°
n-6 165 144 12.7 11.3° 12.4° 15.0° 13.9° 17.2 21.2°
=n-3 213 193 15.6 25.7° 24.8° 23.8% 27.6° 30.0° 29.0°
*n-6/3n-3 0.77 0.75 0.81 0.44 0.50 0.63 050 057 0.73

'The values (in % of total fatty acids) are mean + S.D. (1=5).

Different superscript letters on the same rows of enclosed column

represent significant differences between treatments (p<0.05). Xn-6: incorporated total CLA; Total CLA: sum of isomers cis-9, trans-11

and trans-10, cis-12.

total CLA detected in Control, CP10, and CP25 feed were
0%, 9.3%, and 13.8% from total fatty acid respectively. The
EPA and DHA level for Control, CP10, and CP25 feed were
6.0£0.0% and 7.7+0.6%, 5.5+0.0% and 7.13+0.1%, 5.60.0%
and 5.6£0.0% respectively. The fatty acid profile of black

seabream muscle showed decreasing concentration of satu-
rated fatty acid (SFA) in treatment groups, whereas the
monounsaturated fatty acid (MUFA) concentration showed
no differences among the groups. Dietary inclusion of 2.5%

CLA was proofed to boost polyunsaturated fatty acids



(PUFA) concentration on seabream muscle, which was
41.0%, 41.7%, and 43.5% for control, CP10, and CP25 feed
group compare to those of hybrid striped bass, respectively
[34]. Previous studies [8, 40] suggested that final weight,
growth performance, EPA, and DHA contents of fish would
be declined with the increasing dietary CLA levels. These
were one of the immense problems with dietary CLA for
fish. This study showed that CLA incorporated with car-
otenoids on diets could augment PUFA level in black
seabream. The percentages of CLA deposited in muscle of
CP10 and CP25 feed group were 2.8% and 5.6%, while their
levels in viscera were 4.0% and 8.3% respectively. These ex-
hibited significant differences (p<0.05) between the two
(Table 3). The level of CLA deposited in muscle and vis-
cera of black seabream were linearly affected by its concen-
tration in the diet.

Total PUFA in viscera of control, CP10, and CP25 feed
group was 42.9%, 484%, and 50.5% correspondingly.
Increasing n-6 and decreasing of n-3 will be resulted on in-
creasing of n-6/n-3 ratio. N-6 and n-3 concentrations on
back seabream viscera were 13.9%, 17.2%, 21.2% and 27.6%,
30.0%, 29.0% for control, CP10, and CP25 feed group
respectively. The increase of n-6/n-3 ratio (Table 3) could
be attributed to increase of CLA. Some studies suggested
that high ratio of n-6/n-3 pose greater risk of cancer [6, 38]
and cardiovascular disease [37]. However in this study that
risk was outweighed by the merit of CLA. There is a pos-
itive relationship between plasma n-6/n-3 ratio with in-
flammatory marker such as IL-6 and TNF-a in healthy adult
as was reported by Ferrucci et al. [10]. An observational
study of dietary n-3 and n-6 fatty acids intake in relation
to plasma inflammatory markers in healthy men and wom-
en suggested that the combination of n-6 and n-3 fatty acids
was associated with the declining levels of inflammation

and might inhibit inflammatory cytokines [27].

Carotenoids content of black seabream muscle
and viscera

Addition of 0.1% carotenoid in the diet resulted higher
carotenoids content on CP10 and CP25 muscle and viscera
compare to those in control (Table 4). The additions of same
concentration of carotenoid incorporated with different lev-
el of CLA were yielded different deposition of carotenoid
in muscle and viscera. The carotenoids level in muscle of
control, CP10, and CP25 were 0.02£0.01, 0.04+0.0, and
0.05£0.01 mg/g, while in viscera were 0.38+0.00, 0.62+0.08,
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Table 4. Carotenoids content of muscle and viscera (mg/g) in
black seabream fed with different diets

Control CP10 CP25
Muscle 0.02+0.01° 0.04+0.01° 0.05+0.01°
Viscera 0.38+0.00° 0.62+0.08" 0.56+0.03"

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

and 0.56+0.03 mg/g respectively. There is an extensive at-
tention to incorporation of dietary carotenoids in con-
sumption and ornamental fishes. The effects of carotenoids
on growth performance are consistent with the acknowl-
edged relationship between carotenoids signals to growth
and health [14]. This study demonstrated that even though
the CLA has fat reducing activity, addition of 0.1% car-
otenoids would diminish that effect and promoted growth

on black seabream.

Effect of black seabream viscera’s lipid extract
(VLE) on 3T3-L1 cells viability

3T3-L1 preadipocytes were treated with black seabream
VLE at various concentrations (1, 10, 50 and 100 pg/ml) for
24 hr during differentiation steps. Cells viability was de-
termined with MTS assay. Fig. 1 showed that adipocytes vi-
ability was alleviated after treatment with 1 yg/ml VLE of

120
100
30 I e e f
60

40

Cell Proliferation (%)

Reference (] 10 €50 C-100 CP25-1  (P25-10  CP25-5C  CP25-100

Treatment Groups

Fig. 1. Effect of black seabream viscera lipid extract (VLE) on
3T3-L1 preadipocytes. Cells viability was determined
with MTS assay. All values are mean + SD. of
triplicate. Different letters above the bars indicated sig-
nificant differences between the treatments (p<0.05).
C-1, C-10, C-50, and C-100 contain 1, 10, 50, and 100
ug/ml respectively of VLE from control group fishes;
CP25-1, CP25-10, CP25-50, and CP25-100 contain 1, 10,
50, and 100 pg/ml respectively of VLE from CP25 fish
which is contain sum of isomers cis-9, trans-11 and
trans-10, cis-12 of CLA.
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control fish group but it was lower on the other concen-
trations. Cell viability after treatment with 1, 10, 50 and 100
ug/ml VLE from control fish group were 107.9+1.2,
86.8+0.5, 83.9£0.8, and 81.9+0.9% respectively. Meanwhile,
treatment with VLE from CP25 fish group were proofed
lower adipocytes viability compare to those of reference
and VLE of control group. They were 85.9£0.8, 74.8£0.9,
75510.6, 72.1£0.7% for 1, 10, 50 and 100 pg/ml of CP25 feed
group’s VLE respectively. The effect of the treatment was
dose dependent.

The declining viability of 3T3-L1 after treated with VLE
during differentiation could be attributed to the present of
PUFA on the VLE from control group and PUFA plus car-
otenoids on VLE CP25. This was aligned with study from
Kim et al. [21] that suggested DHA inhibits adipocytes dif-
ferentiation and induces apoptosis in 3T3-L1 preadipocytes.
Han et al. [17] recommended that most of PUFA reduced
triglyceride level and DHA inhibited palmitate-induced ex-
pression of SAA3 and MCP-1 which resulted smaller lipid
droplet in adipocytes. Furthermore Inoue et al. [19] sug-
gested that carotenoids especially astaxanthin would inhibit
lipid accumulation trough modulation of PPARy target
genes in 3T3-L1 adipocytes.

In conclusion, the present research demonstrated dietary
CLA in corporate with carotenoids will increase CLA de-
posit in black seabream without hinder its growth. This diet
regime generated higher final weight on black seabream,
which are 205.6+21.8 and 224.6+41.1 g for CP10 and CP25
feed group, respectively and lower the VSI, therefore
CLA-carotenoids enriched feed could be recommended as
seabream growth enhancer. Dietary CLA 1% and 2.5% were
resulted its deposit to the extent of 2.8% and 5.6% on mus-
cle, and 4.0% and 83% in viscera of black seabream,
respectively. The lipids extract from muscle and viscera of
black seabream contain ample amount of beneficial sub-
stance such as CLA, carotenoids, EPA and DHA. These sub-
stances are known to have positive effect on human health.
CLA enriched black seabream muscle could be categorized
as functional food and serve as well-being food. Meanwhile,
the fish oil from its viscera which declined the viability of

3T3-L1 cells could be utilized as high function supplement.
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