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Accumulation of the Conjugated Linoleic Aacid (CLA) in Tilapia
(Tilapia nilotica) Fed Diets on Various Levels of CLA
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Effects of conjugated linoleic acid (CLA), known as an effective anticarcinogen in several animal models, on the tilapia were
investigated. The CLA was made from safflower oil by alkaline isomerization method. Isomers in CLA such as cis9, frans-11 and
trans-10, cis-12 occupied over 80%, and other isomers was below 20%. In experiment, 250 fishes (average weight is 32 g) were
divided into 15 fishes per five treatment and triplicate group for 8 weeks: control, 1.0% CLA, 2.5% CLA, 5.0% CLA, and 10%
CLA diets. Daily growth rate and feed coefficiency were measured every week. The most effective diet for the growth rate and feed
coefficiency of tilapia was 1.0% CLA diet group. Every two weeks, sampled and determined the contents of CLA in the muscle and
liver. After 8 weeks, 1.0% and 10.0% of CLA fed group accumulated the CLA as 41.3 and 180.9 mg/g of fat in their muscle
respectively. Also, n-9 and n-3 fatty acid (FA) compositions were almost not changed in the muscle and liver. But n-6 fatty acid
was changed according to the contents of fed CLA. The 1.0% CLA fed group was shown the highest contents of n-6 FA and the
10.0% CLA group was shown the lowest contents of n-6 FA.
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Table 1. Composition of the diets used in the experiment
Amount (%, w/w)

Feed Ingredients

Fish meal” 450

Soybean meal 70

Wheat flour 30.0

Dried yeast culture (product) 1.0

Vitamin mixture? 20

Mineral mixture® 1.0

Lipid supplements 15.0
Diet 1 150 SFQ®
Diet 2 10% CLA+140% SFO
Diet 3 25% CLA+125% SFO
Diet 4 50% CLA+100% SFO
Diet 5 100% CLA+ 5.0% SFO

U Fish meal: crude protein 45%; crude fat 5%, crude fiber 3%,
crude ash 16%, P 18%, Ca 1.5%, moisture 15%.

?Vitamin mixture (mg/kg diet): thiamin HC}, 2,000; riboflavin,
2,000; D-calcium panthothenate, 5,000; biotin, 10; folic acid,
500; vitamin By, 5; niacin, 10,000; pyridoxine HCI, 2,000, as-
corbic acid, 1,000; inosotol, 5,000; choline chloride, 55,000;
DL-carnitine, 10,000; vitamin A, 500,000 IU; vitamin D, 100,000
1U; vitamin E, 5,000 IU; vitamin K, 1,000.

¥ Mineral mixture (mg/kg diet): manganese, 50; iron, 60; zinc,
120; copper, 25.

% Safflower oil. The chemically isomerized safflower oil has 75%
of CLA. '
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FAA9 %22 Bligh and Dyer B (1959)¢] @i chloro-
form¥ methanol& AHESAT AWAF fEAsE AOCS
(1990)e wstct. &, A8 dZFH HEEEEH (Cyuo methyl
ester) 1mL (I mg Cuo)E cap tubedl #3321, 0.5N NaOH-me-
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Gas liquid chromatograpy (GC)

A upat BAo] A48 GCE Omegawax-320 (bonded polygl-
ycol phase) open-tubular column (30 mX0.32 mm, id, Supelco
PA, USA) S £9) Shimadzu GC 14A% ©| §33th 24z
column& = 185C~230C (3C/min), injector2E 250C, detector
2% 250C 22)2 carrier gast He (1.0 kg/em» S AH&8H${Th

Aate] 4L FAdxdAA £48 EFF9 ECLY vl s
o FAFHLH, AW BFFL 14:0, 1610, 18: 1n-9, 18:2n-6,
18:3n-3, 2010, 22:1n9, 24:0 (D-104 Doosan Serdary Research
Lab., Kyungki-do, Korea)$} GC-MSZ #% ¥ menhaden oil&
A& g Tk
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Fig. 1. GC chromatogram of CLA methylester synthesized from safflower oil.

Peak identification of CLA isomers: 9, t11-®, 110, c124®, &9, c11-®), c10, c12-®, M, t11-B), 110, 112-CLA® by
comparison of their equivalent chain lengths (ECL) to those of standard CLA isomers.

Table 2. Growth and feed efficiency of tilapia fed CLA for 8 weeks

Division _ Stocking (g) __ Yield ® Feed (2  Gain ( FC” DGR (%)?
Weight (No) Mean Weight (No) Mean

Diet 1 1,721.2 (50) 344 2,335.3 (50) 487 715.0 714.1 1.00 2.5099°

Diet 2 1,737.6 (50) 347 2,4483 (50) 490 715.0 7117 1.00 24837

Diet 3 1,545.5 (50) 30.9 2,172.0 (50) 434 715.0 626.5 1.14 24605

Diet 4 1,516.3 (50) 303 2,135.0 (50) 27 712.3 618.7 1.15 2.4744%

Diet 5 1416.5 (50) 283 1,876.6 (50) 375 696.7 460.1 1.51 2.0294°

D Feed coefficiency. Feed intake/(Wt—Wo), Wt=Woe® (Stickney, 1979), Wt; weight of fish at time t, Wo; the initial weight, ¢; the
natural logarithm, g; the growth coefficient or daily growth rate.

? Daily growth rate (%). Values in the same column not sharing a common superscript letter are significantly different at P<0.05.

o3 2 HEY AR, AEAs 2 4U4A &Y ZHE I Table 3. CLA contents and isomers composition in muscle li-

A% 4 CLAY HAAA7/MEL 10%9 Aog JeRh pid of tilapia fed for 8 weeks
Total CLA CLA isomers (%)
o = Mol = Divisions  contents

AE DR CLA 543 ¥ ojdA 7 ( [y A1 A0cl2 Sl cloc2 ‘3»0‘”1;

9% 2% Fol 345 CLA 333 2 o 4AY THE Table _ (mggolfa X:
39 A AR Fol 8% ¥ dzTFode cLat B8 g Dl 00 8 e 00 08 Y
om 1.0% CLA xdﬂ?oﬂﬁ‘: 413 mg/g of fat, 2.5% H7pFelA Diet 3 840 57 452 51 00 4l
€ 840mg/g of fat, 50% H7FFAAE 118.1 mg/g of fat, 100% Dict 4 1181 01 99 4l 61 48

A7 e Ad ZHFQA 1809 myg of fatd YERAIS A Diet 5 1809 439 440 43 29 50
FbgtEkol 74 =& 100% H7MFEE A AASTIME B3k 27)
de 43 F713dey 67 F3H (1748 mg/g of fa) & ¥ o] FAHE Aol AU (4F F 1026 mg/g of fat, 65
B7F vdebA efgken, 50% HrbFeME 2F FRE A 4 F 1170 mg/g of fat, 8F ¥ 118.1 mg/g of fat).
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39, 95 T8 Fo 2T JAAE 6 TR/ AEHUL
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peaks CLA 1 (&9, 11-C18:2) CLA 2 (10, c12—-CI8: 2% 2
o UyeAe AA CLAZY 20% o3tz 3L Fo] ZHHY
CLA 19 74H]< 422~457% 9121, CLA 29 744 < 418~
452%2 o] A 9 80% o]F& AAFH,

CLAY Z22X|&e| X =Hof o|x|= dgt

CLAT] 85 ¥ 9& &9 Fa AP 242 Table 49 21},
544 F CLA7 AASe ¥ $L 503~2330% 2 H7 ko]
7t wet FRF e F718A T n9 ALY FAQ Zn-9oA
2 27E AYF A AFTFAN 1798~1625% M CLAR
7b FEFe] e TR ol B £ ATk 1811099 A CLA
HArleo) BEFE WARTF 2235% 904 100% T 1478% 2 ZAe
Ak n3 ALY FAQ Zn3diME A ATl AAHA 1201~
1285% 2 Zt AFF HZ dA AolE & F ¢lon, n3AY

Table 4. Major fatty acid compositions (%) of muscle lipid
in tilapia fed CLA for 8 weeks

Fatty acids Diet 1 Diet 2 Diet3 Diet4 Diet5s
14:0 3229 3.86 3.51 429 392
16:0 17.60 17.28 19.96 18.80 18.46
16:1n-9 045 0.09 0.11 0.10 0.12
16:1n-7 497 451 - 490 478 471
18:0 448 6.55 8.26 7.57 7.19
18:1n-9 22.35 16.01 1591 15.11 14.78
18 1n-7 0.01 2.64 2.54 2.63 2,67
18:2n-6 2518 2487 17.84 12.55 6.33
18:3n-6 044 0.43 0.20 0.14 0.09
18:3n-3 0.61 0.55 0.64 0.55 0.54
CLA 1 0.00 238 5.02 6.63 10.07
CLA 2 - - 0.00 221 -4.94 6.76 10.58
CLA 3 0.00 0.27 0.54 0.63 095
20.0 0.19 0.17 0.19 0.19 0.18
CLA 4 0.00 0.00 0.00 0.83 0.56
20 1n-9 1.52 147 1.75 1.13 122
20 1n-7 0.11 0.13 0.15 0.15 0.16
CLA S 0.00 0.17 0.42 0.75 1.14
20:3n-6 047 027 0.19 0.14 0.12
20:4n-6 0.72 0.59 0.51 047 0.45
20:4n-3 0.29 028 0.33 0.35 0.38
20:5n-3 1.78 1.69 1.85 191 1.81
22:1n-11 045 042 0.50 0.46 0.50
22:1n9 0.13 0.09 011 000 0.13
22.4n-6 0.38 0.16 0.13 0.10 0.10
22:5n-6 0.18 0.14 0.12 0.11 0.10
22:5n-3 329 318 332 3.30 338
22:6n-3 6.67 6.18 6.44 6.40 6.24
ZCLA 0.00 5.03 10.92 15.60 23.30
Zn-9 2994 17.78 17.98 16.43 16.25
Zn-6 3453 26.99 1791 13.82 7.34
Zn-3 16.15 12.01 12.82 12.85 12.76

Zn-3 HUFA? 1495 11.46 12.18 12.12 11.96

V Standard deviation for these analysis was less than 0.90%.
? HUI;A; Highly unsaturated fatty acid (above 20 carbon fatty
acid).

FAME gaF 20 o)A n-3 TEEFFHALAY FA9 203
HUFAYIME 1146~12.18% £ n-3 A9 vj&d AS Yehld,
Jed 9F9] GFAWAe R 4EA e 18:2n-698 A9 s
£ dZzFdAE 25.18%, 1.0% CLA A7MFAME 2487%, 2.5%
CLA A7FFolM= 17.84%, 50% CLA FA7HFAAE 12.55%, 10.0%
CLA #7l7dME 633%2 CLAY #3o] F7HE+3 HA
72y o)e CLAY A7l Fvtd g Adi3A 18:2n-69]
Zag Yo g AEAEY 240l £AAY A FAd a2
g E Aog A g n6 ALY AWAE o)g} FAFSE
AL UEdo CLA #%°] /1858 d2T9 3453% 04
10% CLA #7179 734% 2 @A 3] A48 9. 234 18:3n-6,
20:4n-6, 22:4n-6 T2 A A7 A

CLAV} ZIX|Z ol x| X Mo DIRE D&
g5 7hAAe M 4L Table 59 2l AR F
CLA7} A8 ¥ &L 525~2731% 2 A71eko] Z713d) 257

Table 5. Major fatty acid compositions (%) of liver lipid in
tilapia fed CLA for 8 weeks

Fatty acids Diet1 Diet2 Diet3 Diet4 Diet5
14:0 3.06° 327 3.56 3.81 3.09
16:0 14.19 14.59 15.50 17.64 15.43
16:1n-9 0.63 0.55 046 0.50 0.43
16:1n-7 5.14 3.88 361 3.74 296
18:0 575 9.69 10.84 10.03 11.45
18:149° 25.53 21.35 17.25 16.03 13.99
18 1n-7 3.61 297 267 2.64 2.35
18:2n-6 24.12 2228 16.39 10.37 473
18:3n-6 040 0.00 0.00 0.00 0.00
18:3n-3 0.35 0.37 0.40 042 0.35
CLA 1 0.00 2.51 593 793 12.03
CLA 2 0.00 1.90 476 744 11.27
CLA 3 0.00 0.26 0.56 0.75 1.14
20:0 - 0.00 - 0.00 0.00 0.00 0.19
CLA 4 0.00 0.38 0.63 0.79 131
20:1n-9 1.68 1.16 1.08 1.08 1.20
20:1n-7 014~ 000 0.13 0.16 0.21
CLA S 0.00 0.20 033 0.85 1.56
20:3n-6 0.94 045 025 0.15 0.00
20:.4n-6 0.81 0.64 0.61 0.64 0.53
20:4n-3 0.20 0.30 0.39 0.40 0.57
20:5n-3 0.52 0.70 0.80 1.23 093
22:1n-11 0.17 0.16 0.23 0.31 0.28
22:1n-9 r? tr tr tr tr
22:4n-6 042 023 0.15 0.14 0.12
22:5n-6 0.18 0.00 0.00 0.00 0.10
22:5n-3 244 2.85 299 3.02 294
22:.6n-3 6.07 7.53 7.81 7.68 7.82
2CLA 0.00 5.25 12.15 17.76 2731
Zn9 28.06 23.06 19.00 17.61 15.74
Zn-6 28.30 2484 18.28 11.75 5.81
Zn-3 9.68 11.75 12.64 13.18 13.39

Zn-3HUFA? 923 11.38 11.99 12.33 12.38

D Standard deviation for these analysis was less than 0.90%.

D tr: Trace.

» HUI;A; Highly unsaturated fatty acid (above 20 carbon fatty
acid).
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