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Abstract

The present study was carried out to investigate the antioxidant effects of onion and ginger
on the lipid peroxidation of mackerel during frozen storage. Mackerels were treated with onion
juice, ginger juice, tocopherol and BHA and stored at — 18% for 8 weeks. Lipid peroxidation
in samples was estimated by the periodical measurements of acid value, iodine value, peroxide
value, carbony! value, 2-thiobarbituric acid vatue and fatty acid composition. The treatments
with ginger and onion were effective on the suppression of acid value and carbonyl value
of makerel oil during 4 to 6 weeks of frozen storage. The iodine value was not affected by
the treatments with various antioxidants. The production of peroxides was delayed by ginger
or onion treatment. The TBA value of the sampfe muscles was not lowered by the treatments.
The treatment with onion resulted in less changes in the contents of ©-3 polyunsaturated
fatty acids and in the P/S ratio of fish oil than the control did. Resuits indicate that the applica-
tion of ginger or onion juice on the surface of fishes may be useful to iower the degree of

rancidity of fish during the frozen storage.
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Aol FARHE AFA @ Gt EA Y
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M o=

g2kl 24 A8 8 YT (Onion, Allium cepa)
&3 A7 (Ginger, Zingiber officinale) & 717}
3094 & F59 womke] e g Beloz S
ulaf3le] AL R551a0 g-tocopherol(Fluka Chemi-
cal Co.)@ BHA(3-tert-butyl-4-hydroxvanisole, Si-
gma Chemical Co) = Al FH&E ALEsled AR L
Hoz whEo] A28}, Tocopherol® BHA
E4e 7hg A AN $& glog pady
FEE FunRA 2RIt ANEE AHRE

’c:: o] (Mackerel, Scomber faponicus)= A E7F

S RE FINRAA Y FAFE EA RS

17-]"{1 AR E AMEEET

AR Ma! W ME
ZF4571E] 9] AlRoIE 5TLE Uy e
ol gd3tA g Ao
© 38T (Control, C) © &
@ uET

A s

CER

@ 4A 27 (Onion, 0) @ FHFL A
1509% 3mME FAEAN &K
XA (2%, v/w).

@ A73A e (Ginger, G) I AFELE A8
1509 IR S = ETHYH(2%, viw).

ey Tocopherol HZZ(T) ! Tocopherolo B2
AE AlEo] 1509F 3miY =EIACHOS
%, Wiw).

& BHA X (B) I BHA G& o8 Az
1500 3mé¥ = XIATHO002%, wiw).

kst A A2 F 718§ polyethylene £ Z A1 2

gtope ) A EAske] — 18Tl A 65F g
A% . M 2.4, 67A Airez Ry
e B 2 MR ojd s A4 §AE FEIG AL
(acid value), 8 2=7}(odine value), ¥3+3H4
7H peroxide value), 7+= 827} (carbonyl value)
=) ;qm;q.zzg_,] AxNAel WEE BEegon
ol o] P& g TBA7Hthiobarbituric acid
value) 2] Al R2 slgich. FSAE H2sA
R BEY AN RO 3ote)s) W3k —‘?’—"i‘ﬁqa
WEAd A 7leEAE AMEEAET BE 32
ARG 23] vrEsig,
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7ol =&

Aol %xl%M &2 Folch8 ¥ 2] 2%
A8 G F A4F 759 HF 15 FS chlo-
roform | methanol(Z | 1, v/v) EFE AL »}sle
homogenizer(Virtis 45, USA) 2 "hg F £l
A#HN2 ARste] AT} FAE Felshun
Fabel ohAl 15E e el E FHElY F2E
o}, ojgl @ g 33 eI A ogd s
R grated 2 EAuR ) WAl 1488 FRFE
7hate) A3 EZo] sty @HLZAA
2 AT & chloroform3 & st B4
sodium sulfate® EFAI7] & SF4 s HG}, o7
H2 rotary evaporatori 40T A AREES F
ZHRE gole dAviasiol ) fR18] FeAA
FARE 2A.
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548 gas chromatography(GC) ol 24} &t vt
19, §2) AR E 00594 # 35 sulfuric acid  be-
nzene © methanol(1: 30 : 90, v/v/wE 10méd)
SN A DEF F FepzolH 2547 HF
AlA  methylationl A . methylation¥ AE=
petroleum ether®2 F&831 ZHFE FM 5o
Aol elEHzFolo] HS JEMRA %o
744 wrEatgd, FAS® F FF sodium sul-
fate2 ©4-417)2 40Co) M rotary evaporaterZ
FH5A T F hexaned] £ H GCEHE A2 2
ALR-sh e}
GC¥4 &7 & Table 17} A},

Table 1. instrument and operation condition for
gas chromatographic analysis of macke-
rel lipid

Items

Conditions

Instrument Pye-Unicam series 304 chromato-

graph with PU 4810 computing

integrator

Column 15mX4mm(L.D.) glass column,
Alitech CS-10

Detector Flame ionization detector(F.I1D.)

Initial 1807, final 210C, pro-
gramed rate : 1.5C/min.

Injection temp. 240C
Detecter temp, 240C

Column temp.

Carrier gas  Np(30mf/min,}
Chart speed  0.25(M/min.
Attenuation  10°x128

FXl2| 3HEbN MHalol £

ARFY At APW o8 2HEPR
22278 AL WisE"el vk Fa
FE7Hs 805 HAY Leatl o] AP
24897 728 d}= 24-dinitrophenyl hyd-
razine(DNPH) & oj 8§ fEZe) 4 9Wol 23
R TBA7}:= Uchiymast Mihara®) *H200]
g8 ZF3Ah.

ApEe| SHME

EE datat= one way ANOVA(analysis of varia-
nee) 2 FAHHFL, 7 BATLY zeld] o
Fr 9] 4d-& Tukey’s multiple comparision test2 o=

0.055F A Fgsdrk

2z

rZ

7tef M
T5oje] WEAF wE Ad v} Wie
Table 28} #th

A4 A A7 e 1L99ey 2F T i ELS
el BE Fo HAkes dEzFEel vty
oo, 53 BHAX I 2Fo AA4 7t
AAof Aol om gaTd Ha foHd
Aozt T AAAZHY ATl wE WEE
B, BHede 2,45 # A F718d 65
W FrelddA FAstden ofut, AATE
2F o ot FUbelgln 2 F2E A wgst
819it}h, Tocopherol, BHAY & A4 &71¢ 85|
4,6F W 2zt frejx o U8, 65 W

o

Table 2. Changes in acid value of the mackere! oil during frozen storage

?\iﬁlﬁg :ks) Control Onion Ginger Tocopherol BHA
0 179+ 0.214a% ** 1794 0.2182 179+ 0.2172 179+ 02172 1794 0.2142
2 2964 039882 2,58+ 0,414 207+ 0.624% 2,174 0.138B 1.874 0.224Bb
4 3.37+ 0.424B4b 2.59+ 0,632 2524 0.624% 275+ 0.9652 246+ 0.198C2
6 548+ 0.8330 2.82+ 0.9042 2,69+ 0.5244 341+ 0.64C2 2,58+ 0.35%2
*Méanz S.D.

* * Capital letter superscripts in the same column and small letter superscripts in the same line that are different
indicate significant differences{p<{0.05) between groups by Tukey's multiple comparision.
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Table 3& 250 A% o 222719 HatE
238 Az JAv|e] ARgo wat ¥ E
Foll Al gpbEt AE BHou) 4 #ihe §9
Hel Feolw ATk HAgAre A oE
Waks 2w FAEde] HFE e v 4,65
o gojHow o, Fo, AAFE A
713 F< A9 WErt 9192 ™ tocopherol &
2,45 o 0 gastel 65 Wi FAFHoR
HAsgrr. =8 BHAT S 65 o <z 7ha-3)
k.

oHAEE It

57 kel x7|AN A Y sz AHH
¥ #askEvhel WSk Table 494 2o

RE HgTol 2574 HEI Hlenu

- olg 4

ML 45 G ST 6FAE 2
&z s, 5, AT & 6374 Sk
F2l 3l 210] 8 YebR I, tocopheroli & 657
8675 ZA Frlskd BT FoFd Aol
H oo BHAT R 4,65 42 f21ze] aol&
H4o, ¢53A 2 FE olas] B, £43
T3 FakEkA) AT E ol zhz &olrh 9
on akmt, M7FFEo| tocopherolw B.oh #9 & A)
& A2 ENE el

Ft2edrtel et

#FtzRyrte] WakE Table 591 Wbt vl
2oh AFR7Y FFEBHOME 2110190 A
AHezEs 435 ZA S78IA, £A3L,
BHAY, AALL 457 Az71d vsh f9
Al Wag Byen 4HTE 658 7 F
batd v, 45 A kb, BHAT-Z BlFd ¥
F7HEo) frYFor Y¥Wen, 1 gdioas
A7, tocopherolite| FA el vl Fo7
22 W A FAEe g vl

Table 3. Changes in iodine value of the mackerel during frozen storage

?@221?5) Contral Onion Ginger Tocopherol BHA
0 13551+ 0768 * ¥ 13551+ 0.76% 13551+ 0.76% 13551+ 0.76% 13551+ Q.76
2 123,72+ 36848« 134.94+ 9.76M 13445+ 02284 12761+ 42784 13105+ 89144
4 120.64+ 6.6882 134.90:+ 3341 12068+ 9254 125204 7.09°B2 12970+ 564784
6 117.13+ 5.878a 127.66+ 6,048 12697+ 59282 11743+ 84952 12641+ 24022
*Mean+ S.D.

* * Capital letter superscripts in the same column and small letter superscripts in the same line that are different
indicate significant differences(p<(0.05) between groups by Tukey's multiple comparision.

Table 4. Changes in peroxide value of the mackerel oil during frozen storage

Periods

(weeks) Control Onion Ginger Tocopherol BHA
0 1.794 0.338a% * * 1.79+ 0,334 1.79+ 0.33%= 179+ 0.337= 0.79+ (.33
2 1.08+ 0678 2.16+ 1.87ARA 143+ 0,614 1.85+ .7542 1.05+ 00572
4 3.89+ 16244 2.99+ 1.074B4 298+ 112484 2.51+ 0.6444 2.65+ 0.50B2
6 2.19+ 06740 5.35+ 1.2g80 4.50+ 0.618-40 867+ 1.71B¢ 7.77+ 0.83C0c
*Mean=< S.D.

* * Capital Jetter superscripts in the same column and smalf letter superscripts in the same line that are different
indicate significant differences(p<{0.05) between groups by Tukey's multiple comparision.
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g A F 23 A3 44E 2 malonaldeh-
yde$} 2-thiobarbituric acidshe} o 2%
TBA7}e] W3 Table 694 2= dlgh 24,
A7F27] TBAZFE 01601020 7 #7He Ao
of g Fo4S HEF A 47, doTe
A EH A 2,654 zZrz} FAs A AalFol
B &) oo g F715t92 9 tocopherol & 2,
45 o &7k gasHey BHATH @74 65
g7 B¢ FoHQ wglel P FHE
FAsA .

%E FUSA A £ AE D
o Agat 242 e Aol
H 223 449 F8 APpe

Table 5. Changes in carbonyl value of the mackerel

oleic acid(18 : 1)7} 21.08%, palmitic acid(16 : 0)
7 19022 & AAS 401%F FAFPD, 2
t}-& docosahexaenoic acid(22 1 6)7} 1831%. ei-
cosahexaenoic acid(20 . 5)7F 7.6%, stearic acid
(18 : 0)7} 6.36%, palmitoleic acid(16 : 1}7} 6.24
% o @ol Bkttt w34 PUFAY] #F&
F Anpake) 3239%, WA PUFAY <F 75.7% &
A8k Q%128 1 F docosahexaenoic acid 9
eicosapentaencic acid7t A A 2] 259% ¥ 3 P/S ra-
tiot 1.43°] %At}

WeAd F 2Eo e A 24 wsE
HHEHE, A 274 AT PUFATH
Z7)oh 4278% ©]F o] 3BIB%E AL
o, Whd o] a4 il it AhFH gL
247k 166%. 2.33% 4 F78H3t. P/S ratio=
143614 12302 a4k %oh, 4T
F& g] 3ol ]3] @34 PUFAEH o] 45-712) 11 &
AME FAstg o] R 2ol A

ol during frozen storage

Periods

(weeks) Control Onion Ginger Tocopherol BHA
0 211+ 005%*** 211+ 0,058 2.11% 0,058 2.11:+ 0.05M 2.11+ 0.0542
2 498+ 21144 437+ 04942 391+ 04342 3044 0554 2.88+0.1142
1 20.33+ 0,978 870+ 2490« 1027+ 14585 12974 2.71Bb 7.64+ 1.00°<
6 21,22+ 5208 1243+ 118284 1352+ 16780 13.85:+ 7.9952 12,51+ 1.35%0
*Mean+ S.D.

* * Capital letter superscripts in the same column and small letter superscripts in the same line that are different
indicate significant differences(p<{0.05) between groups by Tukey's multiple comparision,

Table 8. Changes in TBA value in the muscle of mackerel during frozen storage

I(’zt;gg:) Control Onion Ginger Tpcopherol BHA
0 0.16+ 00142 ** 0.16+ 0.0144 0.16+ 0.0142 0.16£ 00142 0.16£ 0.0142
2 0.36+ 007484 031+ 00282 0,324+ 0,038 0.06+ 0.024¢ 0.19+ 0.104b
4 047+ 0.148¢2 032+ 00380 026% 00248 0.01+ 0,054 0.30+ 0,104
6 .59+ 0.05¢2 049+ 00562 .43+ 00652 0.174 0.144¢ 0.314 0.04"b¢
*Mean+ S.D.

* ¥ Capital letter superscripts in the same column and small letter superscripts in the same line that are different

indicate significant differences(p<(0.05} between groups by Tukey's multiple comparision.
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Al Z714 X HUrL Tocopherol ™ BHAT &
23 7b 7] d37t e 4534 BHAT 9 o-3A
PUFA% o] 412% 4o 657 FaET
£ PUFA%HEre] 482% 72489 6575 P/S ra-
tics 7t THEE v BE, FREee] A
Z7] 14314 1192 744 3 Fare 1208
tocopherob = 2w thgol A7E 127019
I BHATS 1248 th

L1

T @-3A Aake] AEizhA frefg gela
o fg BAle] YEHPH ABAEA
ol AWabg ohiF TS i o) F ol A
ol ot ¥EAY F o5 PUFAY 4
Bz A% F2 Agrl +H"Enh B dreiMe
AR eRA A o] 4E £ AR B HAF F
Aatge] = Aoz ez guel YAF9
Mel7t WE A ¢ nF5AY AF g v
A Qg Bzt olv) 2 B} F U8 A
W+ tocopherol™ BHASl el dnbe} njmalg
o WEAY F 5150 Arte] Fobe B
doub ot B AFME 3 5 off9 4}
dAsle HetA ghgtam 53] <atet 47 A
e 6Tt AR wE Arte] W3
253l AolE YRR gk, AF A7)
Fob #ata}l AMeltEe % A vie
e AbrHeE Jepd oy 4FAkAe 1 Abofrt
el Fge] ofrigien o Fo3A 2
A7HE B olgze Ay gisE g
Agrt 1go] BFAFEFS FAANLY esterd
e 7igdla e feEAdaty A4S o
Asted EREGE vepls AR g
AMEFA - tocopherol R BHASH #2 F&o|3]
th 22 =7ke F A 23 tocopherol, BHAX €]
T UM 4~6F A FolHN FaE BY
2t get A7 A2 AR A7ESS
97 Ql Frit Mol gkskch, dhabslA e Ml
82 =7he) Wale) op -3 J¥m )X A Fct,
ol Aol AFatd FHA A A4V AR
Are) o] A A F A= Aol ohri &9

allyl position2 2 &2 iAo HefHoz 7
gH7 g dAHeg oiFAsty £5 F
AetA 7hAsha) & Aolehar g B a2e) o &)
Hery 4 ¢ gk, A Eote EXIEd
A A 47 HuRANE JERRAGY) 65
o33 Fasgen 47, TS g &
TEg HeTse A erAC HAE e
WA o] Ajrlef) <kul, ATFEL tocopherol® 2
TEOE foHog e BagEriE el
Rk BAEHEHE A @4dE A 13 AA4E
hydroperoxide®] #4-& ZA3dH= #Hol™ hydor-
peroxides> BUAE EHolojA atFitatel 3
Feo wet duk o) =293 F A 23
NP ETR F ) we Tad g
A E T A ALY 29AY st
HEo] AR sty £xE wasted feF
AE7E "ok, B A A EbG g E e
el A Bu FAHFHTEAME e 27}
el HElFEd s mEE ¢ F Ui 4F
Fols #AE Holi: d4e 1l 580 mig
ol AA7ILel ZAojPel whel FHakstE )
At e AMEtEe] HHERRT Pasnrt
w2l A Abdel A1 AL B Awad 529
Ao A 9} Fo| T3 E7H 747 peroxided]
ey gwgaie guatgd 7A@ £ 9l
A2 & vk A Hdse ¥
el atel vlal A 6T A HuxE ebd e
ol g FaEA o] AHHe 7] HE £=E
EHed EnEe Resw B 5 glon ¥ o
TEY B TR T HOAEG %

B AMEE FAEAE] HAHE hydropero-
xide?d] ElE XA Lo ZHN ojEo] FHH A
o8 B $n vk, 443 e Hele toco-
pherolel] ®l&f }itslE A HE JAsted 2
Aol A2 eSO tocopherolo] 654 o
AR e AetEECE e Yoo R2ME
HEd §43A, 53 tocopherol®] LFEC A
2 AR AR eugd AHEeER ME
A& g4 FAE-g st A |ZTe] A
28y 4B E2A (pro-oxidant) 2] FH&E Xl
gyl gl A B AH A AHEE tocopherol

4

o
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FE7F oA Eod el ggle] A fksk&#t
Azdch, 4727 BHAT Y 3% 254849 =
MBI EFE of7he) AT Yoot FelFel
Aol ofgion 2 Y4l dAe= HAAzH
oy, FlErustes 14 ASA424 hyd-
roperoxide] E3HERA A7 LH S s, AE
59 2% Argh A %4 S5 Jepdvh A 45
Foll 43 HEdE AT REFAAM 2R
driel 5% ’S*-&*E* et e & ahabA) A g
TEL FAREE W fosA g FtER
Gre BEo 65 Felle e 9% F
el7b ol AE A grgked, 23 MEAHNE F E3F
malonaldehyde2! A4A == veldle TBAZIE
Agole] ARG TEERE Jyo] 243
ZH(FEAEY data BF) FAENS TBAY}Y
Z859 ) ¥ B ol Toyomizu®® U Ke
27)"9’] Fusgt AT A{FHed HPEE
9] TBAZ}E tocopherol™ BHAE A3 =
ST 23 ARE 2F Frlele A%E BY
29 tocopherolE A% H7HE Bl A|E9
TBA7L Aol 7} A=A oiirt, wutet 7o
e FAgae ve AREt o ¥ TBA
7he Bgevt 2 Aol Fo AU AL ol Tt
A 47 F G AT E AT ZETAA
FFREY 77 24 Asddxs 2stn A7
7roll b2 TBAZHE] Fvhg o] 22 318 malonal-
dehyde”t WH&-go] AA WA, A F9 of
ok 79} 44 AEICEE Al 1 Hglel
SE FE Aok oy WEAF rlgte] dxE
A ZF o] TBATH} ZaditkeE Ra® S o4
£ oS, deAE F oawold At
FA o) MvkE el W= PUFA2] Hgol A7
hof whel HAHo: FAStm EIpAPHAS
2xdlitel vige] A Fo Friste A¥E
o2 B¥8 X Asrt dg=a gl

X3 ;z~] )

pt!

LA
&g AJAHETE Shonod® 5 # PUFAS]
skl S B ol ke A

&(palmitic acid) ol o "?‘} %Ei}xl "’""P(docosahe-
xaenoic acid) ¥1&9 7ZHAE A4 dx=
Abg e, B Agd e A P/S ratio?] W

L

39} 37 PUFASHEFS] Bals 423 43 ¢
e} A% A AF A7) A A tocophe-
rolit BHAW 7 Zre] ¥-A e A3 =& P/S
ratio® A EPen, FEitel A @37
PUFA%® 9] tocopherole @ 22 &8 X%
oz it 249 WIkE AAsE &)
ik R2N=

e o

asole] AANde) v g P A
3 ABE A —rlﬁﬂ AF0E FA YT,
FatF, AT 9 HFF 434 tocopherols,
A datala BHAT S8 o] EAA(—18
C) 3HA AR 2,4,65F Fo A AE 8
S =7, FASEE FEEYrY ¥ TBAVIE
ARpt 249 HEE FAG 292 29%E9
tha# 2o,

A7 okuhe] HElE 4~65719 TFO W
AT A ZFA{Y Avte stERdr P% 9
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