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£ f A, B A Bl of i, S50 A ARl S (B il 4 Table 1. Recovery of antioxadant in fish, fish feed
LA and fish meal by HPLC analysis
= AT ARAELEZ HRE S No. of pocovery ()
—_ ° Sample* Chcate Mean=5.D.
R L2, JIA2. 51 & 2 1 EL 5T (n-hexane) P BHT BHA
Y 1 min, EHIIAT.51E 822 Z 5 (acetonitrile) ¥ Fish muscle 6 94.4+2.6 101.3+34
11 minf&, B G, 8 T AR R S Ui Y Fishery feed 6 99.1+5.2 00.9%3.1
WK, (%#@‘Z%{‘" iR , LA PIRZ (isopropanol): Fish meal 6 101.1+7.0 01.5+2.0
ZHs | v/V)EHE B2 10 ml, £3 24045 pm ¢« Amount of each antioxidant added to sample was
PVDP hilter (Gelman Co. )R IR AT . 59 5 000
N LUE TS 288 7 BE (acety] acetate)Z BHTHIBHA X ~ ,ug.* L o
BT (Siama) SRR IT2000 e fe 49200 £ 4. Recov.ery'-----w-am@ant of antioxtdant detected / amount
e PRI ZE T S B Z B Z A 1 o antioxidant added
A AR ERET L [ 2R,

BHTAIBHA B 5 HT, 1R %

rbonneau ©HY & M F

i Page and Cha-

H w%%ﬂ)\:?:ﬁi’ﬁ{tﬁj BHTHIBHATEfA .
HE & RE J& AT 158 70 A1 i (high Uk R K EE B 2 B 2R, T AR YE & BHT A
performance liquid chromatography, HPLC): BHA 752000 ygﬁ}ﬁU&”&ﬁDAmg% A U AR EE
FH & A& ¥R F Lichrosorb RP-18 (18 um, 150 mm gk, SR R EISHIBHTHE & A BRIk E
X 4.6 mm i.d), B 85 IA A ¥ B 5% BE BR (acetic ga b 2 BN ZR R A F594 412 6(mean+=S.D., n
acid VB TE , B & S BRl 2 ZBRUE, @t e =6),101.1+7.0F199.1£5.2%, BHAR#£5101.3+
B EATEAFIBIE Y 57 B-EE HI(0 - 7 minF3 AR - B 3.4, 101.5+2.081100.9+2.0%(Table 1), #i~Page
=60 : 40; 7-15 minfFEBAZ) , VLR 2 ml/min, FTH et al. HFEEAR AN, AN AIKEEEHHBHT
YERELA280 nmAg I LB, N T PTE LA fﬂBHAZ*ﬁR{ﬁ *
BHTHIBHA & kg HARYERTAR , (RER AR ¥ESL BHT PR ?3%%3}2?‘#?%%%é@*ﬁiiﬂﬂ?ﬁﬂﬂ
FIBHA (Sigma), i HIERENEE: LB 1 v/v) B AL E T aVER & B1R R SRR
VARG, K8 ERHPLC A sRis. MFRAL A & /T*”f““%)km*’ﬁ*)ﬂzﬁ%utﬁﬂ T gk
BT P S5 B BHT, H 3 2 R EIKR0.8-9.4
= Btk Es Pz EEAE S ppm, PHIE53.9+1.3 (mean®S.D.) ppm: BB 0 -
S0, U R i S PP ST IR08E04 pome S HIR02- 12
TSR ), FE B AR AOAC A H:01 04T ppm, IR 5. 7728 ppm: AiBH0.4 - 8.2 ppm.
" * 52, 6‘*‘1 6 ppm; 0 -1.2 ppm, FHE04E
B2 15 (acid value, AV)HI#E E/LY)1E (peroxide va- 0.2 pom: S0 £ 0- 0.8 ppm, 7 255 0.140.2
lue, POV), 548 Pryor et al. /7 i 0 Dl & TBA f p'pmpp ' U S PRI Rk
(thiobarbituric acid value). | Gﬁﬁ SEETEND 2 A T2 B Sk ) 2 5 KA
FERANFE =R, B E A TiE bRz £ 2
R IR 0575 BHT, 5 oh i i ¥ 2 BHT & 2 £58.3 - 46.4
ypm, 7 5526.6£8.4 ppm: #EFAEPEIFS12.2 - 59.8
o o U B e RO | T éﬁfaﬁ%: . THE A ppm, H5534.2+8.6 ppm: B H B EIEFE3.4-28.8
A ERE T 2 BHTHIBHA S &, /7 LIAR¥E N, ppm, 2P E514.7£1.8 ppm; A EIE F24.4 - 16.6
BHTHIBHA %0.67 ugit AHPLC ,-rﬁf'r {FHIBHT ppm, P FER8.6+34 ppm; REAEI A EE0-6.2
HIBHA & ¥ ¥ [l (retention time)73 A/ F510.224] ppm, 5524108 ppms BEA B 2.4 - 14
5.30 min, A LI EALHBHTHIBHAZ Bl & fﬂﬁ ppm, FHE6.514.0 ppm. HIREEIFINZHME
F2280 nm B KO IE I AE BE R, B R BHT 212 18 < BHA, EE 09104 ppm. f5 S LLE R IE A
FRESY —42481X — 2883 (r=0.99),BHAHIR Y = K8 R CH AR
71911X ~ 2762 (r==0.99), H iy & F g mHEE T,
X Ehiad b A R .

TBHTZ B =8 (R TMERS), 2
g Bl 2 BHT 2 =
Al

£50.8 ppm, {HE EEHH
£%34.2 ppm, HA= R MR E v AR, &
28
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Table 2. Antioxidant cultent 1n the coutured fish

Concentration” (ppin)

Sample (No.)

BHT BHA
Tiger prawn (12) muscle ND ND
hepatopancreas 3913 ND
(0.8 - 9.4)
Fel (12) muscle ND NI
lver (J.8:=0.4 ND
(ND - 1.8)
Milktish (12) muscle ND ND
liver 57128 ND
(0.2 12.3)
Black bream (12) muscle ND ND
liver 2.611.6 ND
(0.4 - 8.2)
Carp (10) muscle ND ND
hepatopancreas 0.4=x0.2 ND
(ND-1.2)
Tilapia (10) muscle ND ND
hver 0.34+0.2 ND
(ND - 0.8)
“ Mean=S.D. (range of concentration) and ND = not detected.
| Table 3. Antioxidant content and hipid quality of fish teed
o Concentration (ppm) Liptd quality
Sample (No.) | | T S | v
BHT BHA POV{meq/Kg)* TBA(mg/Kg) AV(mg/g)
Shrimp feed (3) 26.618.44 0.9+0.4 54+04 139457 23.5+8.1
(8.3~ 46.4) (0.2~ 2.2) (1.6 - 12.6) (8.5 20.2) (18.8 - 32.1)
Fel teed (6) 34.2+8.6 ND# 2281214 31114 40.1120.6
(12.2 -~ 59.%) (14.4 - 50.6) (20.5 - 44.5) (30.4 - 70.4)
Milkfish feed (6) 147218 ND [9.5014.6 222198 30.6112.6
(3.4 - 28.8) (11.2 - 44.4) (12.5- 34.4) (26.4 - 45.5)
Trout feed (4) [2.7+54 ND 1.511.0 [5.5+6.8 39.11+12.4
(4.4 - 25.8) (02.2 - 3.4) (8.9~ 25.5) (28.3 - 56.8)
Garp feed (6) 86134 ND 2474258 2971139 3281188
(4.4 - 16.6) (8.6 -60.8) (23.4 - 45.6) (25.6 — 53.6)
Tilapia feed (8) 247108 ND 198226 28.518K.5 3421204
(ND —-6.2) (12.6 - 52.2) (24.6 - 40.2) (16.8 — 66.6)
Perch feed (4) 6.5:£4.0 ND 7.2£8.3 122131 12.4+6.2
(2.4 —14.1) (2.4 - 20.6) (6.4~ 16.0) (7.8 - 24.4)

“ POV =peroxide value (milliequivalents of free iodine 1odine per Kg oil).

b TBA =thiobarbituric acid number (mg of malonaldehyde per Kg feed).

© AV=acid value (mg of potassium hydroxide consumed consumed per g oil).

¢ See footontes i Table 2.
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Table 4. Antioxidant content and lipid quality of fish meal

| Concentration (ppm) Lipid quality

Sample (No.) - | N , =

BHT BHA POV(meq/Kg)* TBA(mg/Kg)’ AV(mg/g)
Local brown fish  32.0+16.8¢ ND* 27.918.6 4271113 42.6 8.6
meals (10) (11.2 - 78.6) (5.6 ~ 51.2) (28.8 - 64.8) (35.7-70.1)
Peru brown fish 30.1E£11.5 1.6x1.1 39.1222.4 54.620.6 40.7122.5
meals (6) (6.6 —64.4) (0.2 ~5.2) (12.6 — 78.4) (10.9 —84.4) (25.6 — 66.8)
Chile brown tish  47.1x20.7 0.93+0.8 424121 48.51+20.2 42 61+ 14.6
meals (5) (12.3 - 150.0) (ND —35) (16.3 — 85.6) (10.2 — 88.6) (28.1 - 59.2)
Japanese brown 5.601.2 ND 20.13.8 34.6X18.6 43.416.8
fish meals (5) (1.2 - 14.3) (15.6 - 28.4) (16.2 — 58.4) (25.6 — 56.4)
Norway white ND 1.2+1.4 14014 242412.6 23.6£8.7
fish meals (4) (8.2-29.7) (6.6 — 36.8) (6.2 — 34.6)
Alaska white {0.7+4.4 ND 14.6+3.9 19.4+3.5 26.516.8
fish meals (4) (2.7 - 25.3) (7.2~ 29.4) (4.6 — 28.2) (13.3 - 42.2)
“7¢ See footnotes in Table 3.

AL AR AR R, I RESIRE S /g, B /R EE R R < e B L B e rH B AL
fettrem AN L 8IEE, MBI AFIEE Z BB OE, 7, 5T S K EE R AR
FACTEFENT AL AT SR MR A B BHT 2 4500 T VA A T 28 PR (L0, DA MIBHT 73
A RE S TBER B B R — 2 BT £, S ERmESHE, BREE200 ppmiZ R E A

S e SR N IS 5 R = R Pl = RiE, BIEABREBAEME T RES B EFE,H
VYRR, 5 EIBHT & & £ B N & 8 5 11.2 Bl RERI HHBHABBHTZ A7, IR R %
- 78.6 ppm, P E32.0116.8 ppm: B E & A 4 [ ZEEE,
£56.6 - 64.4 ppm, ¥ 5530.1£11.5 ppm: & F|#5
B E512.3 - 150.0 ppm, B F547.1£20.7 ppms = B4
IR HT N B F32.7 - 25.3 ppm, FHIF10.714.4
T e e AFRAITEGORE ATRAR G E: CDA

80-7.1-F-18-6)f28), sE I EEH,

b GEMIRBHT S, fEMAE B F0.2-5.2

ppm, P E1.6+11.1 ppm: HHR B A E0-3.5
ppm, P E50.910.8 ppms A H B E0.2-3.4 &R
ppm, FHEE 1245 1.4 ppm: BRE B ANE B B
HT D0 SO AT Zii%%%#ﬁ}ﬁﬁ*ﬁ;:é’%‘%BHA 1. BB B, BRI, MRFATAE 1989 IHIKE B o R R
AKEEEPE R 2 BEE SV, R =n] A, GRS {EHI(BHT & BHA)Z ¥ E A YR iR
Ao E2E 0K, LQMI:W%KZ%‘” i[E]7£0.2 - 60.8 B R AT SR8 - 312 - 314,
meq/kg, TBAfE 2 & [E7E6.4 - 45.6 mg/kg, IRIEZ 2.Hwang, D.F., Tsai, M.R., Jeng, S.S5., Im-
HiERFET .8 - 70.4 mg/g{}@%“mﬁﬁg AR amura Kojyma, H., and Yoshida, T.1991.8Sub-
K, SEALYME < #[EFES.6 - 85.6 meq/kg, TBATH lethal effects of butylated hydroxytoluene
< EHEE4.6 - 88.6 mg/kg, B2 #[EHITE6.2-70.1 (BHT) through feed in common carp. Nippon
mg/g(i%ﬂ*) Suisan Gakkaishi. 57 : 1153 - 1157.
e EuREE SR, SR K EE RS AE 3.Hwang, D.F., Tsai, M.R., Yoshida, T. and
H, e %%%{b}}ﬁ EA SR ZHRE R Jeng, S.S. 1992. Toxicity and excretion of bu-
%L{ CEY), HERRE R TBAER G 2 #E, B tylated hydroxytoluene (BHT) through feed
OO E BRI AETE FONCBRER19.7 - 147.2 mg in Japanese eel. Nippon Suisan Gakkaishi.58
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Level of Synthetic Antioxidant in Cultured Fish and Fish Feed

DENG-FWU HWANG, JUI-HSING LIN AND HONG-MING CHENG

Department of Marine Food Science, National Taiwan Ocean University, Keelung, Taiwan, R.O.C.

ABSTRACT

Attempts were made to determine the level
of synthetic antioxidants and hipid quality in fish
feeds and in cultured fish in Taiwan. Sixty -
eight samples of six fish species, thirty - seven
feed samples for seven fish species and thirty-
- three samples of fish meal from six countries

were collected from markets and/or from manu-
facturers, and analyzed. It was found that BHT
(dibutylated hydroxytoluene) was the major anti-
oxidant n cultured fish, fishery feed and fish

meal. BHT level ranged 0-12.3 ppm, 0-59.8

ppm and 0 - 150.0 ppm 1n fish hver (or shrimp

Key Words . Antioxidants, BHT, cultured fish, feed.
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hepatopancreas), feed and fish meal, respective-
ly. There was no residue of antioxidant in fish
muscle. The lipid quality of fish feed was as fol-
lows : peroxide value (POV) 0.2 - 60.8 meq/kg,
thiobarbituric acid (TBA) value 6.4 - 45.6 mg/kg
and acid value (AV) 9.8 - 66.6 mg/g; and for fish
meal POV was 5.6 - 85.6 meq/kg, TBA value 4.6
- 88.6 mg/kg and AV 6.2-70.1 mg/g. There 1s

no safety concern on the synthetic antioxidant
residue 1n cultured fish, fish feed and fish meal.

However, the lipid quality in fish feed and fish
meal should be improved.



