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ABF R AR VAR A Bk (gas chromatography * GC) & ¥ &8 —RALHK (CO) AMRE
BLHANBCORET  BREBRAGCHSBEFEZIAMEIRET  RCOLATHRIAR
BAKBHETERE (FID) THESHEKERARIREARS 2004 > BATE20
Wg/kg of meat 932 E + # ELGC Ff 2R A @A R GCHRANFRM RS (r>0.99) » THA

RABAEXEEAFCORAEZIAM -

Bt EREERRZHR > AHRACOARAESR » AERBETMEEG (myoglo-
bin * Mb) 8948R 24 RHAPCONRATLES o RFIXKZM > CORMb &)X FH

e #9211~ 13% Z B ©
PRS- .8 0 —RAbs > RAMEME o

2L

Rl

il

50~ -60°CHIRET » Bt S5 WY 00 B
Mok - NESAL - RERK > KREMBERH
() ZER - F S EREMKEMT
SHER R o MEEBKRA R AERK
THME B2 BEERENE - FLAR
BEHEER—EK (CO) RABTEM KK IRE
BARN FHASERAERZHAE  HE
REFEANEABRERE ME > MERAR
B2HGR (shelflife) o HEEHEE » MUK
M A RIRREEE A CORBERZE BN
20°CREE - 8% - HEHAREEER KK
i f O T A A PR o L [R] B T LA 3Bk 4 0 R /R AL AR
BB K RS BB o ICORMERMANZ
SR FERMACORSRMEA ZUA
7 [ (myoglobin * Mb) &% & i 4 B MbCO Z #X
@) o

A B CORBBEEAMHRENETFUR

B R B0 ¥ TR VK IR R A KB AT 6 -
REREEEBEZNRE RKAABEEOR
KEHEZOYBBOMIEERBHERCOR
B EI AR o HAEASWITE —ERRR
HAKPCOBRFEENFEW T H & &
90 AT ] B 7 48 03 T T BB B A A 0 B
BEAEEBEABTHE  WiTERARPFCORHE
BB T ©

B ®i B A& LASEAE ik (gas chromatog-
raphy * GC) ¥ AF CORBEHBHFE
0 [HAFRKBETEIUEZAHER - BE
WARMSCE PRI TE R - F AR R
HaEBEs  UEBSAEREmMBEZAER
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A BB Z R B B R TG o 5
H K 48 ¥ TR B 35 B8 i (Thunnus albacares) B &
#125~35 kg ' HEIHREE » B F UG -
EH KB HROERN  UELSHEEE
ALY 5] Z WAL E SR FA A Rt o e A
RYIRREA8 cm ~ B3 cm > BEX2 cmiA
P - A G ARSI LU PE (polyethylene)
REOEEHS > BN-60°CHBIKIEYD HE
oo (R A 0 4508 36 /NREE T LIBLAR
EB2H A —HTF LS % > BER-60°CY HiE
FRTF - BERFETSIE B2 A o T AR
BEREERERTKEE » BERLMEAE
fEH o

(R NE A

A FLER BT R 2 CO SRR el 1o e AL SR B
rAE PRt RESMNRSE D Z CORME (CP
B MEETE99.5 %L k) o AFERETE A Z Ak
B R B R — K

NP5
CCORBEZER

1. GC IR MR E

WA ABEABRBEZ HE®  PRHE
WEEBCOZEBHE HEMHAAELGD
ZJ7 ¥ETE FID Z BN 458 & 36 A H, B HE A8 5,
B FCOMERMCH, » UIEBHEHME o GC
KEWBE— » HAWHRENT -
H&AY © Hitachi G-5000
EHEME : SUS(2.5m X 3mmid.)
FEIHE © Molecular sieve 13X * 60 ~ 80 mesh
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BIEEME © SUS (60 cm X 3 mmi.d.)
BIFEFTHEB : Chromosorb W Raney Nickel
=1:1

AR H,
i © 12 ml /min
EAOBE : 150°C
BEAERE © 120°C
BEERE © 390°C
{HHI2% © FID
EHIZRE : 150°C

2. COME AR 2 Hl5E

MHEFE99.5% L EZ CORMNERT
B B R3S (head space bottle * AR #7120
ml) F BEREBEER - BN EE TR
ZRBUM - A EECORBA = RN A R e
IR » £ 81 ml$T A GC I £ A 45 [ 63 LI SR
HCOZMER - BHAMBREHNZELKA=
IHBIE » DASR L T2 {8 BRAE e ffg 25 o

3. CORBEREY Rz flE

TEMHAR B35 2 B 38 (head space bottle *
AR 120 ml) #F » FhIA 75.25 ml Z ZEREK >
BEREE  REUEHS AR EERE1
mZ FMER > RERMEHTAL mCHREBER
FREMCORBEEE S FHAMES » &R
#1min > WHE1hetf > BURS L3R 1 ml
EAGC > ISRIBTEKBRWEET » COEE
MR EEAGRAR ©

DAEBR B BE 350 > P SE A 55 ml 2 %
47K » 0.25 ml Z l-octanol * 20 m1Z 20%
H,SO4 * BRIKIT ALl mCHEBERAREER
CORMMGIRE - HESL » Bl ml FPEMEE
AGC » DIRHTEEREBRMTFET » COSE
B2 AR RAR o

Recorder
b 4

Injector

)
< FID

[n
Regulator @ H
Carrier . !I
Gas
Flowmeter

e e - e - . -

Figure 1. Equipment system of gas chromatography.
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DA [7) 46 B B B > MR S0 A 50 ml Z
P Mb i~ 5 ml ZZEMK > 0.25 mlZ 1-
octanol * 20 mlZ 20% H,S0, ° RE B FERIT
Al mARRBREMNCORBERE #E
% Bl ml EERBEEAGC » RIEA R H
BRERBROGEET COREBMBRRKRE
KR o

Pl S EARESE KR =KMEE
PR FEBEERRE - ESAMER B
B A B AR 9 B RE B4 B B AR EAR BAR 0 LUK
H CO SRHE Y [E e 3 o

4. fif P9 Mb i1 B A A

B PR R R AR L LA 2 B K v R O
7k ¥4 2 min (Waring commercial blender °

USA) #ihilh » 84,500 rpm BE-(> 10 min (Hitachi -

refrigerated centrifuge * 05PR-32 * Japan) 1% -
B b 780K Mb il AL B 2 A o

CHRRCORKFRZER

1. AP MbIREREE

BUEH A TE R 10 g @ A VKR Z Rk L 20
ml 2 VK8 ZE B K B BE B > 72 4,500 rpm T &
s> 10 min (Hitachi refrigerated centrifuge * 05PR-
32 » Japan)T 78 Mb i i ¥ o B Mb fili i ¥ 15
ml R BECE R 0 81 N NaOH % 38 % pH {H
itk (pH 7.0) > AR 16,000 rpm T AL 15
min (Hitachi refrigerated centrifuge * CR20B2 °
Japan) ° R b B 2 mAREF > MAFEZL
M B R 22 & Wi (pH 7.0) & 50 w12 5% NaNO; °
A HCE 1 min * BIAS0 p1Z 1%KCNE
5  WE 540 nmZWOEME 0 LA 11,300 A
MbCN B4+ F R SEARE® > 12 16,200 A Mb 50
FEO KT EH IR MbHIRE - B/
HEWMERAR > PHERR

Cx2 ¥V 1000
11,300 W

Mb (mg/kg) = 16,200 x

C : MbZWHtfE
V o R 2 B8R (m))
W:HRZEE (@)
2. VICOR B R HER N v
KELMEZHAR > THERERZ
PER Y » BRNE MR SHRESZ
ZSEME O WCORBUMETR/ASTIRIE » &
RTFHRBEHEAE  UBREHRESR
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0o AP CORBER  HIFBE_JBPEL
FEEUBREHERESO - I TEREZ LI
HEAAERKKRBESRE  BRERBEE
A B (4°C)H » BE R B I INRE 0K LAOR 35
RIREETE4°C LR o SHRRAEL P LI CO R E
HEEF > G 10~ 12 he BIE —K » £ COR B HE
FA4BE K120 hw EEZ BB HEECO
BHEEZH -

3. SRz MR COBRFR ZAIE

BMERCORMBMHMS KRN0 g » L2
7 Ik ZEBK Y E > 84,500 rpm B L
10 min 24 > B50 ml F B ERMBEEZ
I 0 MIAS ml ZZEMEK > 0.25 mlZ 1-
octanol * FHIA 20 ml Z 20 % H,S0, 1% FuE fin
2, yEIIRE 1 min 0 BEHE1 hr BBURF L
AR A1 mIvEA GC > M3 2 Ik 04 T B A8 ey
HEHELS  URECOBTE - AHEZHE

A Rk CORBEH MR RHER
AR 0 B 50 ml B R MIREE 23
B (head space bottle, ZBE#7120 ml) # * 7£
VKB IR B8 T 5B CO SR M vl b » f CORE
WREAEEAWEMEBRPZMbEE * 30
A IEECORM  HES~ 10minfBEHEEL
BEE > REEMAS mZ MK~ 025 mlZ1-
octanol ~ 20 ml > 20% H,S0, @ HMEME »
%o BEHBL m EWEBEEAGC » AR
FREHHEBHRELERECOBER - KAHZ
Bl s _—HE  UHFHERR -

TR

6000 r v -7 7%+ 1560

5000 [ r=0.998

4000

3000

Peak area

2000

1000

0

0 10 20 30 40 50
Injection amount of CO gas (£ g)

Figure 2. Response area of injected CO gas
detected by gas chromatography without reducing
column.
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— COmRErRBIRMEEIKEE

AEECORBUTRM BB AR REHE
R mITARMERFE 2 GCHRLURAR A
AR TR Z R ERE @ — R

10000 ” Y = 19940X + 160

r=10.990

8000 r

6000

Peak area

4000

2000

0 1 1 L 1
0 0.1 0.2 0.3 0.4
Injection amount of CO gas (g)

0.5

Figure 3. Response area of injected CO gas
detected by gas chromatography equipped with
reducing column.
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Figure 4. Response area in GC of CO gas in
recovery experiments. (A) Basic standard line:
CO gas was added into the bottle containing 75.25
ml of water. Y=2.668X-0.169, r=0.999. (B) Blank
standard line: CO gas was added into the bottle
containing 55 ml of water, 20 ml of 20% H,SO,
and 0.25 ml of 1-octanol. Y=2.455X +0.129,
r=0.996. (C) Control standard line: CO gas was
added into the bottle containing 50 ml of tuna
flesh extracts, 5 ml of water, 20 ml of 20% H,SO,
and 0.25 ml of 1-octanol. Y=2.179X + 0.438,
r=0.995.
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HFIDFTIREZ HIGHBECORENEAER
EHEZ HARWR > HEFEEr=0.998 » BR
A GC #4977 ¥ AT DAR HE R AR CO SR o MEf%
WZEHELAR  TECOHS5 ug » BICORE
& 4000 ppm /ml & > FBEMLIFERE o A BT
BERZ BRUE R Abe et al O Z 55 R » 1§
I GC IR R Bk 18 2 JF 4 > 1R LA TCD &
RS0 bR E > BREEATE] 20 ~ 30 ug/kg of
meat (R5F1% %7 COIREE 20 ~ 30 ppm /ml) K72
& o ‘
MGCREZSHMAAEAER ZHRE T EW
IEERFEE » IR 390°CH COBIEM MLz »
WEREHAEZSGOZ FEkR R AHLER
o AMAMATIH RN Z R JlE e
CO SRHS VR B BRI 0 TET A > G Bl = 7 o
Co+ 3H,— CH, + H,0
CORMMEAEN A1 ml > CORABMKES
SR REAR B0 VR B B GC BT 2 B 10 I g T A 4K AR
BRELAE R R 5 ) B AR BRAR > B AS  B
ECHBRERE » "I E CO 0.025 ug (4 CO
20 ppm /ml) MFEE » BHE — 2 &R B
BEFET 20015 » BRTEGCHIS BB 2B
KEFE > M CORFEMCH, 2% H LI FID HI
RE AT PAKIR R T+ GC 3 CO By 4 W7 IR o
RBHAREARZBREFED » £ GCH
RZ B R AR > WA FID Z R i E

Table 1. Recovery of added CO gas in solution
and fish extracts

Added amount Recovery of CO (%)

of CO gas (ug)  Solution? Fish Extracts?
0.023 70.5 118.5
0.046 97.7 78.9
0.113 934 75.6
0.226 94.2 72.4
0.452 — 75.9
0.679 93.5 76.7

A mixture of 55 ml water, 20 ml of 20% H,SO,
and 0.25 ml of 1-octanol.

® Minced meat without being treated with CO gas
was homogenized with 2 volumes of water, then
centrifuged at 4,500 rpm for 10 min, and 50 ml of
the supernatant was added to the solution
described above as a substitute for 50 ml of water.
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R IE #Y methanizer £ & » 3ifi [F] RFE A SR H
R CH, » LARE GCHIE&UE » HREW
3 2 ug/kg of meat (1% #) COVRE 2 ppm /ml)
BT B » BT GC Ao M B0 T £ 52 3 5 MY 00 14 7T
BEEBCOTEBMWERE - AARERGDZ)
RS AR RS (AR) BFIDZ
BEYEA MESHELRFERER  BFRE
VA 260°C » HIRE W E CORE 1 ppm HIEE
B (BAHHIY K IR T Bk TS 2 A R BE
AWM P ERNEY - MATRPHIHZ
e R B B B > M RY (Hitachi G-5000) » LR
S AT (A EO A > B AT LAFHT 3 CO 0.025 pg Y
BEEBNBREZRE - F—FHHE > HEMHE
HFE » COJEE 20 ppm/ml 7 I E CO R
B 7E 20 pg/kg of meat Z S FIER & » JRRIARE 72

Table 2. Mb content and CO residue in CO gas
treated 5-day tuna flesh

Sample Mb content*  CO residue  Mb mole : CO mole
(mg/kg) (ug/kg of meat)

A 1630 343 1: 0.122
B 1460 286 1: 0.113
C 1140 247 1: 0.125

aMolecular weight of Mb is regarded as 16,200©).

(A) Control

} 1.48

(B) CO bubbled extracts

E 1.48
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20 ppb B E Z B F > FTLIASEERE B KL CO
REEEArHALTEBEHCOZEBEE -

HK o BB CO S B2 5 A WS
WHEHZIEMETL > BE AR HE
o AREAREBZK  ERER (REK
l-octanol * 20% H,SO) KR (WA ARKCO
R pE T > M PAEER IR ~ 7K ~ l-octanol ~ 20%
H,S0,)% *» B INA FH R IRE Z CORBER
MR KRR BES 0 RLHREL miTA
GC » BN fr 2 B8 2 ipk 0 T A o [ P B 7 o

B CORB K ILAERE - HPTIE 2 B IER
B 45U s TR B CO EL 24T A GC i 18 Z W4 TE
BTSN HCORMME R IFWILF
B BRI Z2EARERZ HEEHRECO
BT A GC S 2 IS H KK ; (A% COR
Bl SO SRR 0 RIS X BB BAR Y
W e TR RS AR B AR > BURERIRA
WM CO Z T4 o AR CO R BRI 2L
7 HCOmBRmgEREW 2 HIEHERE 3
ATy S 30 4R B MR A S A B AR BRAR 0 MEBRIR B
7£0.99 A b > B A E A E BRK S COR
FERZH -

B I O > &5 RS 2 CO R RE Y [l e
mE—F > BT RERMNE0.023 pg 25t
HE 7 CO R AR N8 /Y B i 3 KRB R 7E

—

(C) CO treated extracts

%— 1.49
2.15

Figure 5. Gas chromatograms of tuna flesh extracts (A), CO gas bubbled extracts (B), and CO gas treated 5-
day tuna flesh extracts (C). The extracts from CO free tuna flesh was provided as control (A), while the same
extracts bubbling with CO gas for 30 sec was provided as "CO bubbled exracts" (B). The extracts from CO
gas treated 5-day tuna flesh was provided as " CO treated extracts" (C).
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—fEEME > BERBEREFRZZABRBARY
[ R AFE 93 %6 LAk » B SR L 77 5 2 3 1R
MBI EIWRMET2~79% 2 M - BT
SHTRR R COBERRE - IR LIS MR R AR

CHAFCORREBEENAINRTE

HH A8 CO SFBS B HE 5 K 22 fif 1A B2 ok jig 8 I
AR R 0 B GCANTE » H IRk
ZRCSKE AR CRIR o REEE 2 At
BT B45: 22 MR i e T 85 [ 12 72 1.48 min JE B
— B (B R A) > BERIE A 2 R %
W o FUSR B S IR i 2 o SRR
BB HEAN CORBE 30 &% » LIRS
T7 8 78 2Z2 W 0 5T 85 B8 BN BR T 1.49 min JE H
B — 18 R i 7 A > RTE 2.12 minfE B —1H
B R Y R i i - FE A% R B R CO 2 Rk i (EE
B)c H#RHMMEMR IR EHRERGAF
COBBFFERF > FE K 24,760 pg/kg of meat © Hif
LA CO KA IE T 5 K 2 15 A AL 308 > BIFR
15 2Z TR Wiy e T Sk R L ] T B 0 4 BN E 1.49
min & 2.15 min i & 2 4 — @R ig (BHC)
1 2.15 min & Z R Y04 B 7 CO 2z Wi » B
BB Z AR T B 2 2.12 min & 154
BRAIE /D - BRE A COBRTEREA 307
Ug/kg of meat ° [ C H) %5 R B /REIELICOR
A BR HRAA Y 5 K 0 H Ao 2 Mb if R 4 35 0%
CO > ik REABIARE /N R i o (B E B %
B PIARER » HIH 2.12 min (3K 2.15 min) &2
W WS Y B 0 R R CO R UG 2 B RE T
B SHARCBCORBIER - Boh> AT
REEECOZEHME - 5 PEREE M B U pRE
DA AR A o

HRK B ERBEERRZHER » R
PICORBEMHBIA 5 X » F[F bE B A it 5t
B EEHMAFCOMNBEER  WHREHRK
FMbMIRERISINE - c ER P HAM
BERAE  EMbHBEAS  SCORBE
HWE5RZEMAFCORTFRMUAS » A
ZHMbRIMERZZ COFR - RFEREEZRH
COEMbHWEHEMILFMEIIYE13%
M HEEZERTEEEEA P EFAGN S
H EWEENERAR  EWZEComm
FESHP 2 85 LA K B Mb %54 89 L 6] o
SN BNMFE R COR BB S RAMTRA 11~ 13
ZHIMbE CO%E S » HEFANE#RE—%$2
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SRE LU BRI A 0 LLGC /A
LA e VB2 UK 0 i 85 I B E M PR TR S A8
COSRBEZ R » JRT] LA oy MR i 065 Ay THT 55 66 Ay
BRMLLHEREEHAPCONBREE  HE
B AR E S 0 W 20 ug/kg of meat BUFREE o

Em
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Yellowfin tuna (Thunnus albacares) myoglo- ty. Comp. Biochem. Physiol. 55B: 293-299.
bin: Characterization and comparative stabili-

Quantitative Determination of Carbon Monoxide Residue in
Tuna Flesh

CHAU-JEN CHOW!*, PING-PING HSIEH? AND MIN-SHOU HWANG!

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. O. C.

ABSTRACT

An attempt was made to determine the carbon monoxide (CO) residue in tuna flesh being
treated with CO gas. Gas chromatography (GC) equipped with a reducing column after the
main column to change CO to methane before entering the FID, was used to measure the CO
residue. Its determination conditions were discussed. The sensitivity improved 200 times than
using GC without a reducing column. Sensitivity limit was about 20 mg/kg of meat. There was
a high correlation (r > 0.99) between the response peak area and the amount of CO gas inject-
ed. These results suggested that quantitative determination by GC was appropriate. Several
tuna flesh having different grade of red color were treated with CO gas for 5 days. Higher CO
residue was found in the flesh contained more myoglobin. The molar ratio of CO to Mb was
about 11 ~ 13%.

Key words: tuna, carbon monoxide, gas chromatography.
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