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Changes in the Flesh Lipids of Fish during Frozen Storage

V. Accelerative substances of lipid oxidation in the
muscle of the rainbow trout

Kozo Takama¥*

Abstract

The accelerative substances of lipid oxidation were extracted with phosphate
buffer (I=0.01, pH 7.0) from the dorsal muscle of the rainbow trout.

The positive fraction of the lipoxygenase activity test, obtained from Sepha-
dex G-150 or G-200 gel chromatography, was characterized to be oxyhemoglobin
by the absorption spectra and other evidences, but the presence of lipoxygenase-
like materials could not be recognized in the fraction.

Oxyhemoglobin prepared from the rainbow trout blood was added to the
blended muscle, and stored in a freezer (—20°C) to determine the effects on the
oxidation of the muscle lipids as indicated by increased oxygen absorption and
malonaldehyde. ‘

The rainbow trout dorsal muscle slides stained with hematoxylin-eosin dyes
were observed to have numerous blood cells around true-skin and myocomma
by microphotographs.

These results suggest that the minced flesh of fish is susceptible to rancidity
induced by the dispersed blood pigments in the flesh caused by the mechanical
destruction of the tissue.
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B A E

REAAMNS O AFEELBRBEABECRATO= <X (Salmo gairdnerii irideus) % BIF%L,
L b EMOSEERTEZAmE, 3HEED Y CBIEREIR T ES F 4 XL, 10,000xG, 20 &
BhEOAREL THB LN 5 LB RIS Uz, '

FlLonwe bECEBERRBRLEEMERONE 1=0.01, pH7.0 © J - BESERT E3I QI
OB, ZEEXY Vs u< AN S LTFPEL 12 Sephadex G-150 6 X T8 G-200 i ARG 2 it
U, Zu< bHORE% 5°CIEREL 25 b REER THH 21T - 12, Z OftD &I KOFAXS
WRLTdH 3,

EERBLREEET A Y s o< bk MO FREBLIRETEMET X bid, WALLACE
DY RFUE —FEET X MED KXo T ThbL, BHHED 1H2 BNV — Mt
b, U —uERRLHED 1 2IA, 5 AFBRES KISREK1#E2MA, BEbl1% 7vFr
BIR1ERMA 05 10 HUUPICREE 2 -1 8 DRBHE Uz, ) 7 —vEBA LI Frbsisa
Y =R B, REIRE- THRELU I,

WEABNE 7.5% #YV 72 Iy AR VERAML, Tris-2 Y v o @EE+ (pHS.3),
FA1AYY SmA, ¥2REEEIR L 27 4 2 S BEREKBRITS, 7 KT 5 v & 10B TRAER,
#H &S OZUMOR-82 BIHMEHic L s TF v v M5 2 2HERR L 12,

BREAES O (HbO,) QOFAR ~ ) VAL 245 R EBIT = U< 2FRD BE % BIEL
THRMU, 0.99% AHAKTHRERSH 2307 F . —TRBLAR, KEWNATHEMLL, Kb
Wit Y BT (1=0.01, pH7.0) XL THEM 21717205, 3,000T,.p.m., 10 AHEHELHEE
UT HbO, 2L 727, F7z, HIRDAEMIK GREFELEE » 55 FkicL TREL, Bz
<7 hvd 5 HbO, T 5 C & BRERL THVI,

BRAESX— FOBERRAEE ARFECA—-FDA-TVS AT 52Dy KA~
AHA50pl BELVF .5~V —~FTSA DT AREBHF R u< b4 B8 (A K-23 #x2
uv hF 3537, 2m AF—~Ah S A, B5 LEEE: 50°C, NV U A 50ml/min), N, ¥ — 2 &iC
T30 E— 2 BORERD, ZROZNL LEBOIfER 7522390 0, BOHBELLT, &
DABAET R~ MO O, RIREE LT,

ARAKRESRX— O TBA ERFE 5e DARFES X~ %225ml D 7.5% Y 2 wov Big®
EERIRINBAES F AU THIBL, K S5ml iz 5ml @ 0.02M TBA RIERMA DL, Pilg
KigcET 40 HEIEE, 10 SRFOKF THRHAIL, 538nm OULEEREL 12,

FOMOERE vy u< MRS ABIHROBNEIL, Zeineh BT L o T, 20 &
BRI Y . —L v MERRE S TRIBL T, 17, =< 2 WROMSEMERIIE I hy KL
THMEL 125l % 7o = — MAE%, BES 10 OYWH %R, DELAFIELD O A< b &2 ) -
=AY v EEAETRAL TiT -1,

BREIUVER

AERICII D, =0 v AREAO Y CBERER (1=0.05, pH6.8) i X 5 #ili#k% Sephadex
G-50 B 5 MiTBEL THRBU Iz 2 o 2 BERABL L F O Bb% BT 322 Y~ T A
BEHBICE - THED (Fig. 1), 36O RIERSR ) L BOKIGHEIIC S 5 2 THRICHL
THENTT 5 &, = OEAWABEES v 2 BARSCBITT 52 & 28» Iz (Fig. 2), F12, EEME
ofiicid, 1=0.01, pH7.0 © Y v BRERER 2 AV 5 2 & WK b BIF2HER % SRU I (Table 1),
2R AEBIBOTIRTRT 1=0.01, pH7.0 @Y »MESERZMHAL L, o~ 2BH2A
VT HRERRIUEE B DR FE 21T 12,
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Fig. 1. Oxygen uptake of lecithin (@)

and lecithin+muscle extract (O).
The oxygen uptake was measured
at 30°C using Warburg manometers.
Ten mg of lecithin was emulsified
with 1.5 ml of I=0.05, pH 6.8 pho-
sphate buffer in the main compart-
ment of a Warburg flask, the centre
well of which contained a filter
paper fan moistured with 0.2 ml of
20%, KOH solution. One mli of cen-
trifugal supernatant of the muscle
extracted solution with 3 vols. of
the phosphate buffer were added in
the flask.
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Fig. 2, Comparative study of oxygen up-

take by rainbow trout muscle extract
(@), water-insoluble protein (A) and
water-soluble protein (Q) obtained
from dialysate of the muscle extract
against water.

All oxidations were conducted under
the same conditions as shown in
Fig. 1.

Table 1. Influence of buffer solution of extraction on formation of TBA reactive
substance during incubation with linoleic acid.

pH
Effect Buffer
50 7.0 82
o 0.05 1 Phosphate 0.84 0.98 0,94
P 0.05 u Tris-maleate 0.60 070 0,30
0.05 M Phosphate L31
System © 0.05  Tris-maleare 0. 69
Tonic I=0.01 1,56
strength Phosphate, 1_ 05 105

Muscle extract, 0.5 ml, was added into 0.01 m] of linoleic acid emulsion
prepared with 1.5 ml of buffer solution containing 0.1 ml of Tween 20 per
37.5 ml, and then incubated at 30°C for 60 min. (Values as X 10-% gmole

malonaldehyde/mg protein)
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ERRREDROSHLAT AEHRE HERORS 3EED Y BRERERT kEoF 4 X
U, 10,000 x G, 20 AREELOHEL TH LN EBED 5 B, 22 /22K 100. Tmg Fi4 & % Sephadex
G-150 vk 5 AT L 12BEORHE % Fig, 3 18573, WALLACE BT 2 3 Y #2 &4 —~ P EMS
2+ CHtEETRL 12Dk Tube No. 31~34, 35d 5 139~153ml OFiCEHIN IR TH - 120

i3 & O Sephadex G-150 v 7 n< bEIL X > T B ol BHERSD 7 1 X 2 BRIKE#
R Fig. 4R TLITH Y, BEEDEOBEEL 0.27~0.38 TH 5 L L BHERINB,

Sephadex G-150 ¥V & v = FEETHB INIEER SO BN~ 2 bovit Fig, 5 737X 5,

J

0 10 20 30 0 50 60 70
Tube No. {4.5ml/ Tube)

Fig. 3. Elution diagram for separation of accelerative substance of lipid oxidation in
extracted solution from dorsal muscle of rainbow trout on Sephadex G-150 column.
Column: 1.8Xx93 cm, Void volume (V,)=85.5ml in I=0.01, pH 7.0 phosphate
buffer at 5°C, Flow rate: 17 ml/hr
?7): positive eluate for lipoxygenase activity test according to Wallace’s method.

11 _HEE

0 — 8PB 0 — BPB

Fig. 4. Disc-gel electrophoregrams and densitograms of (A): muscle extract and (B):
eluate (Tube No. 33) from Sephadex G-150 column.

7.5% polyacrylamide-gel in Tris-glycine buffer, 3mA per tube for ca. 2 hr, stained
by amidoblack-10B
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Fig. 5. Absorption spectrum of eluate (Tube No. 33) from Sephadex G-150 column.
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Fig. 6. Elution diagram of extracted solution from dorsal muscle of rainbow trout and
oxyhemoglobins prepared from sheep and rainbow trout bloods on Sephadex G-200
column.

Column: 1.8X76 cm, V,==66 ml in I=0.01, pH 7.0 phosphate buffer at 5°C, Flow

rate: 18 ml/hr
A: extracted solution from dorsal muscle of rainbow trout, B and C: oxyhemoglobins
prepared from sheep and rainbow trout bloods.

280, 414, 540 33 X U* 578 nm iKRIEKR 2R L 12. i HbO, OF T HARYS BRI A<~ 2 b v & —
HUTW3ED, 22T, DARMERS L K= v kb & AR 72 HbO, d ¥v & u < EHAE
E WY B onic, Fi ML 72 Sephadex G-200 ¥ovh 5 AT & o THHMU 2HER, Fig, 6K
Tt XS, BWHIED 414nm KB 3BERETE NI E— 2D Ve/Vo(Ve: IR, Vo:
ZUHRER BoThd 209 BRLIZCEN S, =oAL LELNIIRER L2 & H R
HbO, TH 3 EHEDENI, Tibb, ANTIR Y ) RF ¥ ~CRDEOTFEEMEE I NI,
APEEEEE T3 WALLACE HRIC X 2 2 o + 7 X FBHR D 512 HbO, 23 LA E UTHE, B
Banh, VRF X - CRPBEOTEERHERHRS» 5 1

X561 Fig. TRFRT X d5ic, EES 22K %R Sephadex G-200 v #1 5 st kL 129 R,
bovine albumin OEHAIEY = <X HbO, DENRE—HELIZC EH b, =¥ <X HbO, DFTE
i34 68,000 Td 5 & HE 3N, PFILE—HDOZhe AROEZRL 12
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Fig. 7. Plot of elution volume, V,, against log (mol. wt.) for proteins and oxyhemoglobin
prepared from rainblow trout blood on Sephadex G-200 column.
Column: 1.8%'76 cm in I=0.01, pH 7.0 phosphate buffer at 5°C,
A: obalbumin, B: albumin (bovine), C: y-globulin (human), D: apoferritin (horse)
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Fig. 8. Effect of oxyhemoglobin on the development of oxygen uptake in muscle homo-
genate of rainbow trout using a preparation of one part of tissue to three parts
of water.

Ten g of the musele homogenate is packed into 100 ml Erlenmyer flask fitted with a
cautchouc stopper tubed a glass sealed the open end with a silicone rubber. Oxygen
uptake is measued by analysis of 50 ul portions of the headspace gas by gas-
chromatography.

Hitachi X-23 gas chromatograph, Detector (TCD) and column (2 m steel column
packed with 60-80 mesh of molecular sieve 5A) temp.: 50°C, Carrier gas helium flow
rate: 50 ml/min

®: ontrol, A: 2.7 ppm HbO,-Fe, O: 6.2 ppm HbO,-Fe
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HbO, @ —-20°C ([CHTZIREMILEEY - ~2HAZ23BEOKTHREDFAZL, 20T
Ui~ 1g 712 HbOy-Fe 33 2. 7ppm 351 X 6.2ppm {2735 X Hix = v = 2K HbO, % i M
&L, 72y L, HbO, BiZZ DHF& (68,000) & 43FHRIEHRE (644=132,000)” » 65 HHL 12,

COX3RUTHEMUIAET 2~ b 10g % 100ml K=A7 5 22t A, —20°C itlFEL TA
9 RAR—ZAFROHF R a< b HTiCE 5 O BURE 2T, INBOIOFEVA—ME2 XY
F L ARC AR, FERRCITEL, TBAEORIERT- 12,

x10%/5 g homogenate

Es3g,

0 10 20 30 40
Days, at -20°C

Fig. 9. Effect of oxyhemoglobin on the development of TBA value in muscle homogenate
of rainbow trout using a preparation of one part of tissue to three parts of water.
@®: Control, A: 2.7 ppm HbO,-Fe, O: 6.2 ppm HbO,-Fe

A ML OISR (CIREER OB TAPPEL 510 2k > THRFRINTE Y, BERIBLTH
ZOERDRNC EP¥a b T 3D, CASTELL »1D i, 0°C i) 2 AN EHR ORI B4
BANLMEEHOEBc ONTRHL, Hh 3 h 45 —¥ & Bk, BSOS RRICE 2HELMICL
T3, AEBROD —20°C it 2R TH, Fig. 8,9 RET X Hic, AABRKOESTH HbO, it k
STIREINZ T E 2RUT, HKLD 2, Y 8fik/s 5 kEEDOIERILEEIC >V TR
L, ~-CH,-CH=CH-CH,-CH=CH-CH,- 7z 2 #i# % b - Iz [BIiER DELEL D REAFIIER DR
b% b EITIRALERETH 5 LBNTV B, DT ERALEATB Y REL ¥ ~FERIH,
ERBRE LRIV ET AL LTS, RARRCESRICEE SN2 BE MBI C o
U2V F U EHEAREBETH AL DS, VTR L T AAKRER~ L8590 BILE
EEROESE»ZIPTVIDLEEL NS,

= v 2EROMBRETEIL Fig. 100IRLTH 3, LhbhoBoh L5, mERERMS
e BRTIE - THHLTEh, MR TR IR ORI AEED 72 ) I LAFREN AT 58
Tr LT, L HBARANNRTORARIIL, Ch b0l RVBEN T FERTICL3
{) D #ﬁ Ahtz,

ARIFFRORITICE Y, MREHEE 2 b - 1A E-HRANSEE, EIE—BhEES T & il
KERFHEKEELZCE, BHOBRZRT 2 & bit, HEBBEZL Tl IR
BRI EL E@LR L R 9,

28, FHEO—HRIZET 48 £, SCRERETAR (RBEHR: KEARKEELED Accelera-
tor, Inhibitor, REERTEAMERR) k51,
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12)

w: WEEEETIC B 2 AN AIREOE L -V

x 110 B x440 C x440
10. Microphotographs of rainbow trout dorsal muscle slides stained with hematoxylin-

eosin dyes.

A: true-skin, B: myocomma, C: muscle

The arrows indicate the locations of the red blood corpuscles.
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