G

ZHEAF S

\

g

HT;}

EIII\

Journal of Food and Drug Analysis
1998. 6(3) : 615-623

& — f AL AR AR

[ JTERHBES

£/5 ] www.angle.con

1umuumnuumumllllHllllllllIllllIIIIHIIIHIIHIIHIHIIIIIIIHIII
EJ087199800615

Z5 W) & & o T
BARE B=EM

b R P2 R R AR KRR IR R

1&%’-‘:‘7 v ’:féifﬁl] g;é’fb

Jo] BR A 1

i A I 2

!

KEMT

1 [0 S o il Y A B e
2 48 SR T TR 3K 2E R AR A

wm E

BXAHERYE (8X6X2cm) AE—RILHE (CO) AMEESRZEL » AAHBA

A0°C F KT ERA-20C FRMK61EA »

KHAHEARZKRE (A@2mE)

F& (R@

Fo2~4amB) BRER (ABT4~6 mE) SFEHAARNNEZ G IS (metMb% ) ~ &

FRCOBAETZEIL c LR FCORMEEAAKRTRABAEY » LA+
HmetMb % A M EFZRE 2B AEI0GAT s 2HBAZF

R R4
& & 3 4L 69 metMb

YAk FBATE 5iE50% » BABBEARFIEZA0% A G R 2K AKRBAETHZMBZ

oo S & Hunter L > a » b= » Rk~ F

BHBHES o

HRFHCORAFHAEKKT LETH +
HCOMBRAET o« EACORMBENARKCMAGBIEY > metMb % KT 4 H T48

“REAML 0 CORMB AR ) +afiyl B
RGBS AL AR IRT RAE B AR
w4

M8 32 metMb % Bl £k P i&df EA 0 THE40~60% > +aBRlEARBFH1I1 THES o

MRNZRBATBAFMLGCORATLARBMMA THIRE  LERGEHFME

HCORAZTARRT BARILL -

Eﬁ%%ﬂ : ﬁﬁ‘;@‘ ) ’i{bﬁi ’ i‘."bﬁmﬁf-;ﬂ&

-l

sh]

il

B AR 18 ¥ TR AR R 4 TR A T AR - 50~
-60 °C Hy 1R B T GRE 0 R R 1k 5 R A IR V2 TR MR
e R 2 R B R E U2 [illttﬁ%ﬁ{ﬁ%
FER D — AR (CO) S T1E i BRAK IR 38 6
BIFN ﬁﬁiﬁ%ﬂ%ﬁﬁl’ﬂ@]ﬁi%%@ls cm B
#6 cm » EH2 cmZ AR 0 BIRMAKREERE
£erh > A CORAE » 4824 ~48 he fE U A
B0 AL 46 B8 TR o f I CO 52 RE 5 22 ff A 7T
FHANCRBRERB AR HA 6 EH
124-20 °C &R 8% i 75 2 3K LA 0 °C vk g8 Y o7 =X I 3 8
B LA RARRZERBR EE2FEE

B 0 Rk

R R4

KK o

Ik R R A CORMBRE 2
% > T e T B o

COF BRI 4 & A (hemoglobin » Hb)
EAALZEH (myoglobin » Mb) ¥R A HR5E Y
WA BEREM 250653 > Fr LIRS B
Hb -~ Mb & gy & & ¥ A& CO £ Hb (HbCO)
5, CO %! Mb (MbCO) - if H— BIE g4 B R
5 AL AR B 2 E AL B Mb (metMb) » L ER
B 23 SR A5 T E A Y T G & B Mb (MDBO, )
HRLE o

HLLCORMBEMIFAMKR - CORMEE
AN R E RIS > FE4~8 hr7r
BEFEET4~6 mmZEERAMMLD

Correspondence to: Chau-Jen Chow

615

Accepted for Publication: Aug. 17, 1998



Journal of Food and Drug Analysis. 1998. 6(3)

H o EEMER 15~ 2em S AHE » HFE
W CO & BATE48 hr R BN 48 FAE R E(H » R
HARGEM® o B—J7H » AP CDE L A A
LACO SR B8 R PR 1R » S 7E TR v U B 7R &
g/ PHCOZ & & - Watts er al. ®% 1) 1% CO
FRETESCFRERA MR » REHKR CO%K
it LA SR AL 4€ - RIH A o 2 MbCO R B 78 [F]
BE T3 XG> _—rZ— - BAEA
BOFTETE 2 W AR R COBE R
B ARE  AAMERER W RE K
CORTEEBRERE MK » MRRANE K
LACO R B iE 238 o« Mk - MR CORRE
Mb - Hb FE5a KBS > HE CO R R
BZEA > HCORFEMRET > RMEH
COmERAAN (BUAMR) FWHHRZBS -
Z it CO SRS IR 2 i 2 AT 65 P 7E & OR iy B 72

EXHT) BERESHEE - FE [TREBES ] www.angle.com.tw

W 2 S RIS AT AT SCRR AT e 2% o

AR HEMECORBERBZ AN
ERECOFMAMEN MITMAR S » K
NmERCOBFR &t > R KEEHA
WA AME > BBCOFBRASEHRZE  F
A 0°C vk 7 RS h-20°C TR 6 18 A » F 5t
IR i) CO B 77 B A S Hb B i 1A Y B £ B SR AL
RIPLALE B ] (metMb% ) 2 854k > DLBS i
CO Jiz 78 2 % P37 VKB K TR 72 o 2 R 8
1k o

MEEEE

— M
A B0 7 1) 2 6 A SR M 9B o A

A (8 cmx6 cmx2 cm)

l» 73 A4 PE4R

HEIB S | s
| e | A 99.5% CO R i R B8
| 4C RS K | 4CFEES

| e[ CO S8 i 44 PE 4
=
Y Y
1 CO S i 7 1Y
Y
0°CF kiR T % 20°C F Wi 6 1 A

I—wmﬁ@~¢@\ﬁ@%m

|5 Hunter L, a, b,{&

B E MetMb%
#H £ CO residue

5 AR I



ESHT BSERTETHEE

Journal of Food and Drug Analysis. 1998. 6(3)

i H KGR HE KB ( Thunnus obesus )
FERA30~40 kg - RBUGHEERK - HABEA
KEREESE S BLIKEBKAR S BEE > o
BERFRE (HELLhr) o AEEHRE
oo BN T RABRAE - 5 - £E > SIKRLE
W URESHEEARAARY I ZEEA
BRAL AL R BR bR o SRR SEVE B BRI AR
YA KM BBV 10 cm—BZ
A BYBRETHRMUEAREZ AN » &
B E R AR R ERE 2 om 2 A 0 Fr
BAAEZ AN cm ~» HH6 cm ~ [EA2
cm o 453 f P K 435 LA PE ( polyethylene )

801
A
60F

40r

20r

40r

MetMb %

201

40

201

0 2 4 6 8
Iced storage (day)

Figure 1. Changes in metMb formation in the sur-
face (A), middle (B), and inner layers (C) of big-
eye tuna fish steaks during iced storage for 1
week. Symbols used; O, untreated; @, tuna steak
treated with CO gas for 5 days, A, 2mm layer
from surface; B. thickness 2~4mm and C. 4~6
mm from surface. (n=3)
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Figure 2. Changes in Hunter's color tristimulus values of the surface (A), middle (B), and inner layers (C) of
bigeye tuna steak during iced storage for 1 week. Symbols used: O, untreated; @, tuna steaks treated with

CO gas for 5 days. Refer to the legend in Figure 1. (n=2)

G i R B ez WE
7] Bl @ 2 77 i

(et P 1 e 8L T ULAT 28 149 H ] (metMb % )
Z BE

FIRTH ) 2 F3k
(B 0 e CO B 2 3
FIRRIO 2 Jrik
AR

— BAREKEBERZ 2L

HCORBIEIRS K2 KB AN A KT
FR AR 1 37 980 5 K {H ok ) CO 5.8 5 38 > ¥t R
A APEREEET » ¥ 0°C ok 118 » vk A
WA SR 2 RIE ~ I8 RSB A5 5140 F Hl
R H metMb% J 835 2 S 4L > &5 540 B — K B
ZHR e

I — B R UK 58 O K 2 fif A A 9 metMb% Bl
BB £ R > HBR £ H metMb%
2 40% » G K58 L #9 metMb% T & i
50% - T i 3 A 59 metMb% ¥97E 10% LA o £
U T R Z i@ > HEAREBEAZERE
g IR B % AL 7 metMb% A 1 218



sy
R+

ELHT BERTSTHEE

Journal of Food and Drug Analysis. 1998. 6(3)

FrzHEL  BERAEEAH SMEZ CO RS —
BBk » A R 2 MbCO B! () & fE k48
AR BT VKA TR % CO B AR
B . Mb {8 €5 5 4 it 17 L T {3 metMb% & it
A RE AR RIRE IO metMb% | F
Bz B > HR R A BB 2 CO ) Sh R
BAER o B R A LRE - SR 2R
J& - g R EE ANz Hunter L ~ a ~ b
b o H 45 R EER LA B +b {8 78 VK e o 24 42 BA B
g4 HERRNEEBEAZMEARER A
+a i B G T 9 O B v A AR R 0 LR B TR ORR
R R T2 8E o SR AR A G
S F R 0 B — 2 AR R o M R
WANEKKTRXRENERBRBAZHA -
Brewer et al. D4 /4= B HELL CO 2 3 30 min
BHSAER LR SE - BB raiE P ITA
EETHZES - AR ZERAHRENELR
R A AE L o

BB RBHMARNEZRTRE

3501

300

250t

2001

150¢

CO residue (ug/kg)

100+

50

0 1 2z 3 4 5 6 7
Iced storage (day)

Figure 3. Changes in CO residue in the surface
(O), middle (A), and inner layers ([1) of bigeye
tuna steaks during iced storage for 1 week. Tuna
steaks were treated with CO gas for 5 days, and
then subjected to iced storage. Refer to the legend
in Figure 1. (n=3)
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Figure 4. Changes in metMb formation in the sur-
face (A), middle (B), and inner layers (C) of big-
eye tuna steaks during frozen storage at -20°C for
6 months. Symbols used: O, untreated control;
@, tuna steak treated with CO gas for 5 days,
Refer to the legend in Figure 1. (n=3)
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Figure 5. Changes in Hunter's color tristimulus values of the surface (A), middle (B), and inner layers (C) of
bigeye tuna steak during frozen storage at -20°C for 6 months. Symbols used: O, untreated control; @, tuna
steak treated with CO gas for 5 days. Refer to the legend in Figure 1. (n=2)
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Figure 6. Changes in CO residue in the surface
(O), middle (A), and inner layers ([J) of bigeye
tuna steaks during frozen storage for 6 months.
Fish steaks used were treated with CO gas for 5
days, and then subjected to frozen storage. Refer
to the legend in Figure 1. (n=3)

R B A R R 2 B TR
#% 0 o~ R SR FM CO o TR
% 4058 31 B0 {8 1), CO SRS BE 588 14 9 120 hr
43 86 9 5 B MbCO 547 2 IR IO 3% -
5 7% CO 4 76 1 #UE A 6 7 oP AL R Mb
aHE > TREBRE AR S BB
W2 g o BREATIIZ AR HAE -
R {1 T B B L4 B CO SR A AE R HGE A 8P 52
Mb %% & B 2 B A5 51 i MbCO 2 IE % & & ik
HE@ o

= SRR TEREBERZ 2

WCOFMBmMS KM LB RAK
B -20°C TR - B 7E SRR AE RO A 0 R
WA T E P FIEITAH metMb% ¥ 4EFFTE
5% p,F (B ) » 7 %R P BIZE -20°C BRI
W2EAEEME LA AE2AAZEEKX
B FF o EERH20% EFAEA0% » FEK
WA H25% Kk30% EAESTR R
60% » EEPBEHEHRERE  LHPE K
HRBIWA 2z metMb B HHERNRERZ
metMb% » F i [ BOBE | (67 o SR
CO 538 5 395 P9 7T LA A5 354 90 #1-20 °C BRI 2
BHBEZEE - EREURBIMERFEOAZ
Ak B LT R 0 LA ER +b B 7E O ) 4%
Pt M HE A EERR 2 MEARE
B {8 +a B B R ¥ IR A A B B R ORI R T

621

[ TCEBHHREE ] www.angle.com.tw
2

B TFHR2ESL I THRES  MEZERZ
+a {8 QI fEREAN 5 o

BRI TE-18°C T BB > MR B TE G
2~6 18 B B B g7 i A
SerEd [ BOBRE ] RWHELL-40~-60°C
b ARG B 7 R4 S FL R e 2 AR (1719 o [
148 CO 5788 i 38 2 B P I TR A FE R JE B RIR
B 2 SRR SRR (shelf-life) Z R o

CO i j 338 2 S E BRJE > BN AR
KEAS B KA B EREERLK - BEREREPER
7 CORTE B 70 B 90 30 2 {8 A 1 &3 T %
ZiB (EN) > HEBRNETHERS—MEEE
HBERN—F  ERNEEBAZCOBRFRE
WO A AR ST EABE Y T o &
B RAE CORMEM Z R - — B LUK
grErr > B RARIER - PEIBMZ AR
COErBiFMtA  ARWMPENR—F W
55 VR B B A P Y CO HIIR 5 PSR B o BRUR
U & G 105 B VR B R AL ) 2 CO ] SR BRI
18] LA 380 B AL fif PR £ -20 °C i G P A
OB

MEN - 7 AZERTLEM 0 COR
A o T PR 7E R R Ry % 0 B HA-20°C B
5 2l 4 A, BT L4 €1 22 5 IF 3 metMb% A EK
W o WA FEE S CORGFEAEHRME
SMEBTIR KBRS - BAEEBOTTHEHN
B CO B A7 B B 100 pg/kg My B R
o HIM MAEURETREF > AIKRT
% RIS 0 JRA B R IRE 2 CO A4
BRI R - BUR B RTE LI CO R
MR VAR EENRR DRATZ
CORGEBR °

H i CO 478 e 258 2 {8 1A 7E R 78T B2 vk
B 2 5] > BII7E vk 72 il P9 A metMb% 5%
1B K& A AEE 2 BLR o MERBBRET
fifi A metMb % Bl £, 352 46 57 4t 35 R % B CO
SRS A DERERARHE °

A R LIEM > HHREHEHCOR
B LIS AR 2 BB > R T OB S BUR TR A
A AR 2 CORAE » Al CO A8 57 3 i By
REKE W4 #CORMBEMBRAEIL
ZI 68 B A RE R Z CORH Ik HHE
PEECHEAK 0 DR P COZ BT RE B
1% B S P 40 SR DA YA B B VKR AR AF > BII CO
S B A PR R E R E TR
Q1% T 3 ~ 8RR P 9 CO & BE U8R B 2K



ELHT BERESHEE - FE [ TRMEKBES ] www.angle.com.tw

Journal of Food and Drug Analysis. 1998. 6(3)

S > BRIEERAL A CO HI KRB 45 R4 - 3%
WML E o

S

-a:j

A U nt AT B R 2 B a3
AR FHEEMIE R 8SBHEE-1.9-48-37 > FERI
Rl 7R B R A /NME 2 W By » 18 B SR A5 LUIE A 52
o I — DR B o

BERK

1. Chow, C. J., Ochiai, Y., Watabe, S. and Hashi-
moto, K.1988. Effect of freezing and thawing
on the discoloration of tuna meat. Nippon
Suisan Gakkaishi 54: 639-648.

2.Chow, C. JI., Ochiai, Y., Watabe, S. and
Hashimoto, K.1989. Reduced stability and
accelerated autoxidation of tuna myoglobin in
association with freezing and thawing. J.
Agric. Food Chem. 37: 1391-1395.

3. Di Iorio, E. E. 1981. Preparation of derivatives
of ferrous and ferric hemoglobin. In "Methods
in Enzymology". Vol. 76. pp. 57-72. Acade-
mic Press. New York. U. S. A.

4. Chow, C. J,, Liu, S. M. and Tsai, M. L. 1997.
Characteristics of reaction between carbon
monoxide gas and myoglobin in tuna flesh.
Journal of Food and Drug Analysis 5: 199-
206. (in Chinese)

5. Hsieh, P. P, Chow, C. J., Chu, Y. J. and Chen,
W. L. 1998. Change in color and quality of
tuna during treatment with carbon monoxide
gas. Journal of Food and Drug Analysis 6:
605-613. (in Chinese)

6. Abe, M., Miyazaki, H., Nagai, Y., Nakajima,
M. and Miyabe, M. 1994. Determination of
carbon monoxide in dark-fleshed fish by gas
chromatography. Annual Report of Nagoya
City Public Health Research Institute 40: 10-
15. (in Japanese)

7.Ishiwata, H., Takeda, Y., Kawasaki, Y,,
Yoshida, R., Sugita, T., Sakamodo, S. and
Yamada, T. 1996. Concentration of carbon
monoxide in commercial fish flesh and in fish
flesh exposed to carbon monoxide gas for

622

10.

11.

12.

13.

14.

15.

16.

17.

18.

color fixing. J. Food Hrg. Soc. Japan 37: 83-
90. (in Japanese)

. Watts, D. A., Wolfe, S. K. and Brown, W. D.

1978. Fate of [!4 C] carbon monoxide in
cooked or stored ground beef samples. J.
Agric. Food Chem. 26: 210-214 o

. Bureau of Life Sanitation, Ministry of Health

and Welfare of Japan. 1995. Practice of
Carbon Monoxide Inspection in Raw Fishes.
Notice of Eika No. 7. Tokyo, Japan. (in
Japanese)

Chow, C. J., Hsieh, P. P. and Hwang, M. S.
1998. Quantitative determination of carbon
monoxide residue in tuna flesh. Journal of
Food and Drug Analysis 6:439-446. (in
Chinese)

Brewer, M.S., Wu, S., Field, R.A. and Ray, B.
1994. Carbon monoxide effects on color and
microbial counts of vacuum packaged fresh
beef steaks in refrigerated storage. J. Food
Quality 17: 231-244.

Bito, M. 1965. Studies on the retention of
meat color of frozen tuna-[[ . The discol-
oration of tuna meat during the storage around
at temperature of freezing point. Bull. Japan
Soc. Sci. Fish 31: 540-545. (in Japanese)
Chow, C. J., Ochiai, Y., Watabe, S. and
Hashimoto, K. 1988. Autoxidation of bluefin
tuna myoglobin at around freezing point.
Nippon Suisan Gakkaishi 54: 473-478.

Bito, M. 1970. Studies on the retention of
meat color of frozen tuna-V]I. Discoloration of
frozen meat during defrosting in water or air.
Bull. Japan Soc. Sci. Fish 36: 402-406. (in
Japanese)

Gee, D.L. and Brown, W.D. 1978. Stability of
carboxy myoglobin in refrigerated ground
beef. J. Agric. Food Chem. 26: 273-274.
Chow, C. J. 1989. Effect of package condi-
tions on the discoloration of frozen tuna flesh.
J. Fish Soc. Taiwan 16: 203-209. (in Chinese)
Chow, C. J. 1991. Effect of frozen tempera-
tures on the discoloration of tuna flesh. J. Fish
Soc. Taiwan 18: 155-164. (in Chinese)

Bito, M. 1965. Studies on the retention of
meat color of frozen tuna- [ . Effect of storage



ELHT - BEER

WA

SHRE - FE [ TREEES ] www.angle.com.tw

Journal of Food and Drug Analysis. 1998. 6(3)

temperature on preventing discoloration of in color and water holding capacity of tuna
tuna meat during frozen storage. Bull. Japan meat during frozen storage. Bull. Japan Soc.
Soc. Sci. Fish 31: 534-539. (in Japanese) Sci. Fish 49 : 203-206.

19. Hashimoto, K. and Watabe, S. 1983. Changes

Quality Changes during Iced and Frozen Storage of Tuna Flesh
Treated with Carbon Monoxide Gas

CHAU-JEN CHOW'*, PING-PING HSIEH2, MEI-LIN TSAI' AND YUH-JWO CHU'

1. National Kaohsiung Institute of Marine Technology, Kaohsiung, Taiwan, R.O.C.
2. Tajwan Provincial Chen-Kung Commercial and Fishery High School, Taitung, Taiwan, R.0.C.

ABSTRACT

The bigeye tuna steaks (ca. 8 X 6 X 2 cm), after being treated with carbon monoxide (CO)
gas for 5 days, were stored together with the untreated control fish steaks under two different
conditions, in ice at 0°C for 7 days and frozen stored at -20 °C for 6 months. For each storage
condition, the changes in metmyoglobin formation (metMb%), color appearance and CO
residue in the surface layer (2 mm thick), the middle layer (2~4 mm from surface) and the
inner layer (4~6 mm from surface) of the CO gas-treated and the control were measured and
compared. The results revealed that, during the 7-day ice storage period, the metMb% values
in the three layers of the CO gas-treated tuna steak increased gradually, but all remained
below 10%. For the control, the metMb % in the middle and inner layers were as high as 50%
before storage, obviously being higher than that of the surface layer, but increased only slowly
in all three layers throughout the iced storage.

In views of the measured tristimulus color values (Hunter L, a and b) among the three lay-
ers of tuna steaks, the +a value of the CO gas-treated steak was lower than that of the control.
The amount of the CO residue in the CO gas-treated steak decreased drastically during iced
storage and became undetectable in both the middle and the inner layers after 7 days of stor-
age.

In the case of frozen storage at -20°C for 6 months, the values of metMb% and Hunter a
for CO gas-treated steak remained almost constant, whereas the value of metMb% of control
increased gradually up to 40~60% while the +a value decreased from 11 to 5. The CO residue
in the surface and middle layers decreased during the early stage of the six-month freezing
storage followed by no apparent change. There was no apparent variation in CO residue in the
inner layer of tuna steak throughout the frozen storage.

Key words: tuna, carbon monoxide, metmyoglobin, frozen storage, iced storage.
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