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Abstract

In this study, pork loin chops was pretreated with 1009 CO-MAP at
2°C or 25°C for 30 min, then PVC packaged and vacuum packaged.
Storage times were 0, 2, 4, 6 and 8 days for PVC packaged, and 0, 3, 6, 9

and 12 days for vacuum packaged. Samples were stored at 2°C, and study
pH value, thiobarbituic acid reactive substances ( TBARS ) value, percent
metmyoglobin, color (L* ~ a*and b* value ) , total plate count, lactic acid

bacteria and CO residue.

The result of PVC packaged showed that pH values were not
significant. All of TBARS values slightly increased with storage time.
However, CO-2 (1009 CO ina MAP at 2°C for 30 min ) and CO-25

(10096 CO in a MAP at 25°C for 30 min ) of TBARS values were not
decreased. Air-2 (air in a MAP at 2°C for 30 min ) had slightly higher

percent metmyoglobin than CO-2 and CO-25, but between all treatments
had no significant differences. Air-2 had higher L* value and b* value
than CO-2 and CO-25 during storage, and no significant difference was
found between CO-2 and CO-25. Both CO-2 and CO-25 had higher a*
value than Air-2. The result were indicated that samples treated with CO
to develop stable red color. The total plate counts of CO-2 were
significantly lower than Air-2 and CO-25. In CO residue of meat, all
treatments decreased with storage, and CO reside of CO-2 were lower
than CO-25. After cooking, CO residue in meat were decreased.

The result of vacuum packaged showed that pH values and TBARS
values were not significant. Both CO-2 and CO-25 had lower percent
metmyoglobin than Air-2. In color, L* value of all treatments had no
significant differences. Both CO-2 and CO-25 had higher a* value than

Air-2 during storage. And all of b* values slightly increased with storage



time. All of total plate counts and lactic acid bacteria increased with
storage time. After 6 days of storage, Air-2 had higher total plate counts
and lactic acid bacteria than CO-2 and CO-25. And then, total plate
counts of Air-2 were over 10’ CFU/g, indicating that CO seem to have the
inhibitory effect on microbial growth. In CO residue of meat, all
treatments did not decreased with storage, and CO reside of CO-2 were

lower than CO-25. After cooking, CO residue in meat were decreased.

Key words : modified atmosphere packaging ( MAP ) ~ carbon monoxide
(CO) ~ carboxymyoglobin (MbCO ) ~ color
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Lactobacilli# Enterobacteriaceae:# £ ( Gill and Penney, 1986 ; Nissen
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Mg e KRN T F L AP 4 10-20% 0 H 3 # 4 F] 30%
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FF RO E R & ( polyvinylidene chloride, PVDC ) ~
F P (poly-esters) ~ F fi’= (polyamide) &' #Nylon/polyester/PE -
cellophane/PVDC/PE ~ polyester/PVDC/PE % A & 4442 (%%, 1984) -
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RELFFREREF L3y BRIV FD o SRS oA
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Bl- >~ 2 R e

F'ig. 1. Schematic representation of the heme complex of myoglobin.
The globin and water are not part of the planar heme complex. M,
V, and P stand for methyl, vinyl, and propyl radicals attached to
the porphyrin ring that surrounds the iron atom. [ From Bodwell,
C.E. and P. E. McClain, “Chemistry of Animal Tissues —
Proteins,”in The Science of Meat and Meat Products, 2™ ed. J. F.
Price and B. S. Schweigert, eds. W. H. Freeman and Co., San
Francisco. 1971. )
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Oxidized myoglobin Reduced myoglobin

Heme Enzyme activity Heme

v \/

Fett — Small quantities H,0 — Fe** —

/ \ of oxygen 7

(Ferric ion) (Ferrous ion)

Protein
(globin)

Blo sl e AF BRI 25 CRBRE -

Fig. 2. The oxidation state ( valence ) of the central iron in the heme group

of myoglobin under different conditions.

(Bodwell etal., 1971)
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oo RPATAIT B EILG o o LA A # 0 ST &
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M e EARALEC SR R L GA T 4 AINRR L
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PV LS4 ¢ (Salvage and Lipsky, 2004 ) » pt Hjis 8 4442 5 @

%**iﬁﬁ%%éiﬁ%%ﬁ&%’ﬂéﬂﬁEKFUﬁ, e %
P F AL S S RO AL B BT B SR
Pre Rkt S BEF S R
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-3 b2 A%

(=) - % ‘tmgrppd

z7 — % *s (carbonmonoxide ; CO) 2§ ¢ ¥ Mg ¢ &
AAFERY WiomgEd o B Ed COLp ¢ iz dov (myoglobin ;

Mb) % 7l4EEma 4 2 COAP iz Fv  (carboxymyoglobin ; MbCO )
(Lentz, 1979 ) > @ ® COA| v iz 3w Hex gk F s &

=
i {m
afe %
~ 1}-:'

oxymyoglobin ; MbO,) #p #2 ( Cornforth, 1994 ) - &2
AR FHREEZAF e BT R p RO L0 E &
ARE GG Lo Eﬁ‘ﬂ%:&ﬂ’“fﬁ B0 o€ F b g R

( metmyoglobin ; metMb ) » F]pt g F4RF ¥ %“ﬁfé 737 CORE 5882
BF e EREFLMMGEF A (Serheim, 1997) - Dilorio (1981) in

Ty

NCOF > n 239  (hemoglobin; Hb) % #viz v 322 3 &5

G4 0 L F F 1250 2 o 4 COF M F 2 B HbMb¥ i §

25 % CO%A/Hb (HbCO) &COZAMb» & ¥ — L A, {57 % § it =
#ad 2 Rpvl i o PP RE T F R TAL e d ¥ 3k

v { %% 2 (Chow, 1998) -

k!

Gee fv Brow (1978) # 2 196 CO 5 # .2°C ™ g2 2 f- 2 ph
33T RAR S PP G EH TR L A2 (ST 0 PR
3APEM A RiFA4FpEd cCOFMA N F L BiveFd BE a2

£ gy g B ReniE* o Lanieretal. (1978) 745 1 &4

F_&

T 5 CO F ¥ ,}a}i\_}rs’-—]%#dv R gt e HB RIR %

F
@ B COf M¥tizd pou B4FiEd iTH o

GJ‘J

18



=z~ COA»eiz3v  (carboxymyoglobin) 2z  3-D FH-R (% ¢
MR E - F ).
( p http://dischargel .kuic.kyoto-u.ac.jp/~masa/study/master.html®~ {¥
2 H)

Fig. 3. 3-D structure of carboxymyoglobin. Yellow represents carbon

monoxide.
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2 74 % o &% ¥ > El-Badawietal. (1964) 77 #-2 p pvg>t 4C
T o 29 CO2 MYz FREFHEFS Ko BV L AFL D
#izd 23 15 % o Clarketal (1976) 7=dp 2 p prgss 2CT > 3
7 05% M TCOF M2 e EegafFp Fiod EAQEI0X - ik
S Bepd o~ 2 PER g 2217049 CO/609% CO,/40% Nyz i &
F e KPRt 4CT o2 vuladFiad @3 21 = (Serheimetal,

1999) -

#ep 52 COF MFFAILIS L7 ¢ £t M T BT I f 5

et

¥ O dE X gengf o 4 o Jayasingh etal. (2001 )4, 11 -2 2 595 CO
SFEJE & PR 2°C MdE 24 ) BE 2 10096 CO TF AR & e | ) pF2

Ty
Wﬁi

oM R|EIE T ERFRO VIR R SHE G B R GE T o Viana
2 e 22 100% CO FF a2 o P>t 4°C ‘s

L P25 f B 5 e BIREA B RS LAk e dpF 0 11 CO

etal. (2005) 7 #-5

17 s d F1CO F i Fow o

SR A AFF AL WS GG COLPBF ¢ ERTRSY
i«‘g%nf,%ﬁé S e i CO A2 2 f &> d 3t & e MbCO 2 4 oo
BT EIBOCHL MR e ind o R LRt sl
W F P - BRER o A e ok d ¢ Bt (Serheimetal,
2000) ¥ ¢h o M EEA 2 196 CO TR F R > &K E R
9 CO & $pvi» F 7 10ig 2 4o d BRI e i H d 3 CO 7 1udgs
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RIEIMPIL G Ryl v AT R e (Aasgaard, 1993 5 Serheim
etal., 2006 ) -

(2) - § CRAHEE P B

AF e EPMERDCOF M Fid 3 #rFF* oClark
etal. (1976) #-0.5-1%9COENGRE & » L 4 & B & f vR e 3 8 ">
EpTEt 0~ 540 10°CPF » M8/ (phychrotrophic bacteria) 7k
TR o 220 1009 COFE T 30 A 458 B 3 ¢ KTt 2 Cads
8 it s F#c 3t A S iBCOAIL 2 1 fBlog cfu/cm’(Brewer at al. 1994 ) -
Vianaetal. (2005) 7#-pp £ UCORJIL e #KispvH > 5CT 1 20
o MORWF A#cE R Ry M1 1009% O,¢ Eehp £ o Luiio et
al. (2000) Rlzns 35 COF 2B f & 57 0% M F FH2 Hkc o
L

R oo g MERTCOF 8 (04-19% ) £2CONR & pF > ¥t g
¢oE#2 £ BE (Serheimetal, 1999 ; Lufio et al., 1998 ) » &+
B F R Z R IRARCO R £ F 10 ¢4 jr ik RCOPPrF sk o

Nissen etal. (2000) 45 1 #-2 ¢ 12 0.4% CO/60% CO,/40% N,
PERT 42 10CT 0 A

\}\

e LI R (Yersinia
enterocolitica) f-¥ +%3k3 5 1 3 #7457 (Listeria monocytogenes )
2 F#ic s & 10°C » = % 4% 7 (Escherichia coil 0157 : H7) it #t#r
# o e PR g (Salmonellaspp.) 2§ "% X o iz kom0 KGR K
Fliz Lo B FAIXE & 9o Geeand Brow (1980) #3472
7 5-30% CO# %87 » 3 M+ %9+ 7 (Pseudomonas aeruginosa )

FORE S g rd| § R H e % 7 (Pseudomonas fluorescens) 2

¥
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~ %1% 7 (E.coli) eh2 & » ® s+ & ¢ % FH (Achromobacter) <
Y& 7% ¥ (lag phase) e

Viana et al. (2005) #-p £12 195 CO/999% CO,% 100% CO7f
}J.

4

LS D 7 e KRBT 0 - T Ut g RHE e F A (Pseudomonas) £

£ o M T > Pseudomonasi-} ¥ chIEBLZ 2 7 R Y AR S A DR B

T 4 R oom By e kg 5P R B4R AR
O,7 B M 1962 wup ke § R3¢ RCOz BH 4 95 20%

i = ¢ (Dainty and Mackey, 1992) o Flt o A F o K FuA L g

42~ X 0,7 & Pseudomonas# % # £ (Labadie, 1999 ) -

(2) - § iz i
L - § BT < Al

- % g (carbonmonoxide ; CO) & —f#&d -~ vk~ & 5%
FF M A F P AFFIEA P TAL R ooV A § v
TEREFF AR A S IRy T AR 2MENMEAL DAY - p
# 00% £ 5 0.01-0.09 mg/m’ > COE & & b T ¥ 5 4 Fov
(hemoglobin ; Hb) su#idg3 » 25 - § it gl o 4= F-v
( carboxyhemoglobin ; COHb ) » @ CO¥Hb# v+ 3 % § 240 &
(WHO, 1979 ) -

OLB YT F5ehiBi g3 Hbi§ 2 8o xr @

- 2,
/g'b ‘f:

—_

FRLn 2 F A RN FRESmrd o COY T LT

D=3

E
i 3Fv ~ w2 d % (cytochromes) % — %% o CO ¢ Fri|imrz et

Zoood W COF 4L L_,,_’ﬁw@"m wre ¢ %3 i*f%2% (mitochondrial

cytochrome oxidase ) % #“p ® evvic Jov > B L Urimre vl e » Wi
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COHb ; i“’f 180 e A LA IR ETHIRE GATY 5 A MRAR 0 dmPE (D

Fag e oo

COHARMMERRPEL & A CHRL F 5 5 G Az Bh6ad o
w7 ® COHb sk B i€ ¥ 2 COHb% %k % 7+ » § COHD Jk & 43T 2.5
R T R R A g}éﬂ’?%%"‘ﬁ FoMENREBHELZER
M 59% 0 HEERIILG A Flen S EFCO gd AP R
4ot h A HY COHbER 9 5 0.5% » FWt > — 42 fik § L cnip
e > TIHCOHb kR 5 1.2-1.5% ° 3 vk-’gﬁ_—‘ﬁ Pl 5 3-49% o 14 mw
B FF 7 4p o COHb k& B3 2%/ » § @ B35 2 B DR
FERERBNCOR e E LR - ¥ UIE COHb kB 7 4218
1.596 > 2 ¢ & 3240 CO A4 ch% (Aunanetal.,1992) (£ - )~

2. RBWEE-F L RIL 4 F R R

Clark etal. (1976) 45 > » 2 5 ¥ COZ £ & 57 mg/m’® ( ¥ &
RS D1 FRE )T@F%gﬁﬁ’ﬁﬁﬁ4wﬁm%k§w
¥ CO/RIR s 2 % (9250g) A4 COHbkA 14 1
Ft o Bor I GECORIEZ f A 2t B COHb - @ 518 7 1%
CORJE3 X2 b & f ¢ enCOZF B § 50 PFREPEFH4ea o §
A A 195C BB T e a8 A 485 BICOHE 2 vt 5] 4 5 85% (Watts
etal, 1978) -

-9 @4 53 1P LR ? COHbL B AR 1.5% b isH
1) 25 hCOERT FF 24mgm’ 484 >4~ CO3%
¥ 5 1.5mg; @ Wattsetal. (1978) ##7 1&g * 19%9CORJIZE & 3
2 AREICRFEG P &Y CORTE YL 0.1 mgkg -
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Fo bR FCRMA-FUORIRPEEEACORAAAHMP-F 0
piyvizd-d £ (COHb) % 1.5%
Table 1. Estimates of carbon monoxide ( CO) levels in ambient air that
will result in carboxyhaemoglobin ( COHb ) level of 1.59%3,

including endogenous CO production

CO concentration in air (mg/m3)

Exposure time At rest Moderate activity Heavy work
15 min 170 80 52
30 min 86 42 29
1 hr 48 24 18
8 hr 11.5 9.2 9.2

(Aunanetal., 1992)
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FerE Mz CO Z £ de (£ 2 ) d 5 g COE M iR enil
FLol o P Bt hd BESCO Y KB G S0 & Y A
L s A A R TR CO Y RFEET SN L F B
‘1%“;‘:@. o FM 5 - X %fg_%g/_\

» COHb e 2 3 »

7 CO RSZinp 51 % ¢ F i i
PEY RS G X 20 (Serheim

3{

etal., 1997 ) -

() #1z% >

BRI P 0 MHCOR B kR DCOTSE LE & FKeng Mt
Pl A fo0g Biihpig o Fpt 1 (FRE Y > CORR 7 i 4238 29
mg/m’ ( Directorate of Labour Inspection, 1996 ) ; @ # /5 4 > i 35 17 5T
s 1A B €92 TH 1 TERBRTF P 3T FFERESE
F1ITEREY COFFER - 35ppm

Bt @ B A 196 CO/999% Nyt 039 CO/70% COo
3096 No®¥ iR & f RB2 4k 184 f R JH90 > @ 2 1 ¥ Rt &
ERLERROT 2B oA 53R - F PRURRT 0 AR R

MEh R e B EROF B B G ORI  ASEPER R I
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EAEINE - S S DN SR S

Table 2. Theoretical uptake of carbon monoxide in blood

Exposure method CO intake in 1 hr CO intake in 8 hr
Lungs (15 m’/d) 24 mg x 0.625 =15.1 mg 9.2mgx0.5=46.0 mg
Meat (250g, CO treated) 0.025 mg 0.025 mg

(Watts etal., 1978)
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222 F CRERBBRRT I AR
BEY - F PP AR - %
ez i L pe =k N IR A
(I F¥)
(ppm) kB (%)
<100 - 1~10 EEFEBHREET €1 3 LB
100~200 - 10~20 R I B AR R >
200~300 5~6 20~30 MOETEE R B33~ ¥4 e g
400~600 4~5 30~40 BEgh ~ B8 - w3 AR iR
700~1,000 3~4 40~50 AR SN UL S A
1,100~1,500 | 1.5~3 50~60 Chyene-Stokes # w4 ~ & ~ &%
1,600~3,000 | 1~1.5 60~70 S BRE R G RB
>4,000 | 1~2 424 70~80 R A

(

FIAAgF1 X 22X 254 2000)
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() 4pM- § PRz & 53 4

BE - FORYONE BB F K2 S E RS B
Eh L G Fenp AR B G Y c pmadip A
Aric S HEEARFFEIRELTRY - F PRNLFAE L e
£

B F o

ARG U - § A

po1985 & Bdn o ¥R H NG 60%F &8 K Shed o~ B
B2 Ep > E* KE (03-059) ch— § LA LHE S £ o g AR
R 2 E g (EU) ehd B2 — > 2 8d %5 amsm B
( European Economic Agreement ) i35 % s ¢ » BB % b d X ¥R
18 ik e 22000 & 0 WP AR Ry L@ r 059 F g
AFeERY T APMLEIFE R AF e AN AL L
PFo % &G i g ks F 4] 4okt Packaged in a protective

atmosphere ” ( Segrheim et al., 2001 ) -

©2002 # > ¥ ®a &% g2F  (Foodand Drug

Administration ; FDA) R|#- % it BEF R - B X225 F
( Substances Generally Recognized as Safe ; GRAS ) ¢ & ¢ * — ¥ it
WA F e E B g £504% 0 e KE IR RS
¥ 273 22mg - § i (4.85mg/kg) (FDA,2002) I 4 & %4
Pactiv Corporation %2 Precept Foods LLC & 2> @ i * — F it g3t 24
FoERpP S -PHRT Led 2 ENR RS P - F LR
41l > 6 3§+ (Personal communication, M. Patterson, Vertex
Pacific Ltd., September 2005 ) - #Am > #2004 & 7 ? §p 21+ 1 * -
FOCROTATHE 2@ Kod MEPRse Xg Wi F'rr'/] v o

R - F RS AT LG i e A ( Personal communication, O.
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Serheim, Matforsk, September 2005 )< p #

s F AP S

P

ETTS
i)

?L?i-g‘ggfg@r - 3 fLpkgs g2 &

REAFAE LA KR R
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LS
3 S

(1) A 2syep (porkloin) HpAZSRLEEF AT (s
a1l ER f:'fr’}i)’éi%ﬁ)"

(2) & ZH#
e 4 @4 (polystyrene foam tray > 15cm x 9 cm > A& % & ¥ 3
)L P 49 5§) s PVC (polyvinylchloride) i@ % (A #F & ¥
FROD LP 0 S#)E

% ¢ %1% (Nylon 15um/ Cast Polypropylene
700m > 19cm x25cm o ZBEFERFF AP > S 5 L)

B) —Fitp (CO) FRMpMpmELFM1LERGF 7> 2R
}%7 1E‘.\"7-—-—§ xLE}l\%p’r (47'5‘.,1995/)

o i3

NF B2 ERE AR BT o

R

FXREHPALARLEFTUPHE R — SR D EL R

e o N ACT R T2 PE 0 L EARFRBRICER 72k
HlSem2 p o suErEze KR (5 RY8g) ¢ oI L
7 @ #4% (Gastrovac A300/42, Multivac, Wolfertschwenden, Germany )
@ﬁi%éﬁiui%ﬁw“$,ygﬁ P L #-CO F 8~ Kp v 3
o B3 2 C % 25°C T M4 30 A4 o Irdle i A5 CO Btz
T P e BENE T e ERY 5 B2 CT adE 30 A4 o
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MR g B > SRR e f S N TR

(1) PVC (polyvinylchloride) & %

é’%‘t’ 2C} /.m./'»
# 4 (Sanyo, MIR153, Tokyo) TEF#& 0-2-4~6% 8% » ¥
LI AAT

(2) 279 %
Bp B AR ,lzﬁf‘ééfjg‘;‘fl]? B

o w2CERL FH#HT TR

~§1

0~3~6~9% 12% > Ti&f7
b7 IR U
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Pork loin chops ( 1.5-cm thick )

\ 4

100% CO-MAP

Stored at 2°C Stored at 25°C
for 0, 30, 60, 90 and 120 min for 0, 30, 60, 90 and 120 min

A 4

Removed bags

PVC packaging Vacuum packaging

\ 4 \ 4

Stored at 2°C for 0, 2, 4, 6 and 8 days.

\ 4

Determined for pH value, a* value and TBARS value.

%]Q—L > 34%55??{?"‘ °

Fig. 4. Experimental design 1.
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Pork loin chops ( 1.5-cm thick )

CO-2

100% CO-MAP

stored at 2°C for 30 min  stored at

100% CO-MAP

CO-25 Air-2

Air

25°C for30min stored at 2°C for 30 min

A 4

Removed bags

PVC packaging

Vacuum packaging

A 4

A 4

Stored at 2°C
for 0, 2, 4, 6 and 8 days

Stored at 2°C

for 0, 3, 6, 9 and 12 days

A 4

properties

Analyzed for microbial, chemical and physical

of pork loin chops

DESNE TR

Fig. 5. Experimental design 2.
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z ~ A 73 F

1. piék & (pH value)
% ¥x Ockerman (1985) 2 =2~ 47 -

() REKA
(D 4% 3%  (Stomacher Lab-blender 400, Tekmar Company, London,
England )
@ ek 23+  (InoLab pH 427, Wissenschaftlich Technische
Werkstatten, Germany )

@ pH4 frpH 7 2 $&it ;& (WTWM 108 708, Weilheim, Germany )

@) %% %
F=P~ 10 g $& &4 ~ 100 ml 2_ FAE-K o 4R R i’—:’%\’r 1~ 48 0 B R
FiRAEMpHAfrpH7 27 R E > £ BB T & (glass electrode )

BRI 0 E 5 pH EE TS O o

2. ¥t X e i@ (thiobarbituric acid-reactive substances values )

ik y5 Witte etal. (1970) 2 = i & 45 o

(1) 32 e @l
D 10% = & pasinin
F=8~ 25 g trichloroacetic acid (TCA : Sigma, Germany )
A4k LR T 250m] -
@ 0.02M #r= vt & Eeif#  (2-thiobarbituric acid, TBARS
reagent )
F=2~ 0.4608 g 2-thiobarbituric acid ( Sigma, Germany ) 1 7
kT2 I 160ml > ¥ ¥ 30 J g3ZEg? o 2 5 TBARS 32
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) o

(@) ®ER
@O &= E#  (PRO205 homogenizer, PEO Scientific Inc.,
¥ g
Connecticut, USA )
@ 4 k%2t (Milton Roy, Spectronic® Genesys' ™ 5
Y, SP y

Spectrophotometer, Rochester, New York, USA )

(3) 7 =4 3

FEB~ 5 g M2 R 5 150 ml ST Y o 4o x 25ml10% =
KR ST | A £ 4o 25ml chgdgk o 950
L1 R &R g (Whatman No.1) &g B Smligiz (%
v ol Sml ez A KB~ ) s 4o~ 5 ml TBARS 288 18 30 K5 4o 4
30 A4 0 iR EP 10 A4 s Bk RN E 532 nm TR H e

% i@ (Optical density, O.D.) °

o M N VS
A A

TBARS value ( mg malondialdehyde / kg meat) = O.D. value x 10.4
104 : )k & 0-10 um TEP (1,1,3,3,-tetracthoxypropane ) % i¥ TEP &
B | #F—F&KiE-

3. § &4 (L*~a*~b* &) (color evaluation )

(1) REKA
@ ¢ Zi& (color meter ZE2000, Nippon Denshoku Ind., CO., Ltd.

Tokyo, Japan )
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(2) 7 =4 3%
2 PVC i@k 2 (BEY 15240 ) & %o nd LRpITk
24 o TR S LR Y 5 (standard white plate) &
&+ (Y=93.90,X=91.89,7Z=11026) S % " F'ERMP L § ¢
( Commission International del’ Eclairage, CIE) # ¢ & %z PP B &
(L*value)~ ¢ B (a*value) 2 5 ¢ Bi& (b*value) # 7
R RZ B FE T RETDE o
4, gyeizd-v | A (percent metmyoglobin )

¥ Kannan (2001) 2 =& 247 o

(1) w8 2 pe gl
(a) 0.04 M phosphate buffer, pH 6.8
@ 0.04 M NaH,PO, - H,0:% /%

o pA) MEpHRkITEI 120ml-
@ 0.04 M Na,HPO,% ;%
F=2~ 0.68 g NaH,PO, ( Tedia Company, Inc., Fairfield,
USA) M zE4 k<& 2 120ml
MORREZLBZRLEYQRR > AKNAEpHES 6.8

@ KEBRH
@® #=F#  (Sunbeam-Qster, Mexico )
@ ,EL%‘« 28 (PRO205 homogenizer, PEO Scientific Inc.,
Connecticut, USA )
@ ®:#4 43t (Hitachi SCR 20B, Tokyo, Japan )
@ A %k g+ (Milton Roy, Spectronic® Genesys' " 5
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Spectrophotometer, Rochester, New York, USA )

(3) A7 =

Bopp T yep P SRS S 0 B 5 g A2 R & 50 ml
SOEes B P oo 4o 2 25 ml BEEL B 7% & (phosphate buffer, pH 6.8, in
4C) MEHBTWIHIF 204 3 4CTFE 1P BN LF
W4 ik A 55 4°C 12 5000 rpm s 30 4 4L 0 EER e (8 R &2
e A (Whatman No.1) g > BoH g & 6k B 24 w3k
£ 525nm >~ 572nm >~ 700 nm T plHE k& (O.D. value) o

2L 5 oo\, -
NP A

Metmyoglobin (96 ) = {1.395— [(As;n—Az0) / (Asys—Az0) ]} x 100

5. mcd $pl 2
(1) 3.2 ## (total plate counts )

fﬁ:}fg CNS(1991) 2.3 2 Afrop 2 e sEBdi— o g 2 (4
50 %) AR o 2B 10 RS L R EFEY 0 4o 90 %
% 0.196 peptone (Difco' ", Sparks, USA) 2 & -k » r24# % *+ 230
rpmefiE B T AR 1 A s 0 ek e 5 10 B R IUHE A BB AR
BERZRERS1IZAN IR AFARE A ¢ > UHEEZE  (pour plate
method) &> 12~15 %2 (% 45~50C) & *p{?]plate count agar
(PCA) (Difco™, Sparks, USA) » 353 # & & # S-4fRir &1 45 % 435
3RE FRALCHENITCEER R Y 8B4 4882 /| BF « B
FHch 25~250 B b r il HEEO TSI RS 204 F
# (CFU/g) -
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(2) # e /¥ (lactic acid bacterial counts )

% g Lacroix etal. (2002) 2. %z A 475 B 1 2 & AR
v g s 12~15 22 (5 45~50C ) 4& FLactobacilli MRS
agar (Difco™, Sparks, USA) - B F % > 37CEER % 87 B
% ABED | BF o P BB 25~250 P23 % m i Fii E
HHFFE (CFUg) -

6. Sv ATy T AT

(1) REXA
@ ¥ g Bp =ik ( Yokogawa, Tokyo, Japan )

(2) *r#2 >
@ k& (boiling)
Bep P Aok s Y SR RPIERPIER 2P SR
T2°C > 2 (8 ik M RBA Fris g B A G BRiT 0 1S R E 8 COR

¥EZRIE -

7. P -F it (CO) mFE2 BT
iz Chowetal. (1998) 2 =& A 47 o

(1) &x
@ &t (sulfuric acid, HySO4) & 1 1 B Ok i F A2 & > 57
R
@ & %@ (l-octanol) : Sigma, Europe.

(2) #HL i
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@ 20/“&1/%‘/& B"20H11H2804 * i’gﬁj\ 'E"_R 100 m] -
(3) RFKA

) P_%ﬁk 254 (PRO205 homogenizer, PEO Scientific Inc.,
Connecticut, USA )

@ ® 434 (Hitachi SCR 20B, Tokyo, Japan )

® 60ml # &% (headspacevial ; & HFHIFREF (7 > 77 >
- %)

@ # 4k +7i&k (GC ; Hitachi G-5000" Gas Chromatograph,
Hitachi, Tokyo, Japan )

® " zi- %% (Methanizer ; MT221, Hitachi, Tokyo, Japan )

(4) CO & & 2 %17

B R 99.59%6 2. CO 5 #>F BT B0 E 3t 60 ml & 5%
PP 2 AE F 4B A 35/ % (Teflon/silicone ) %%%””?
Bt oo TR RT Fﬁﬁ»ﬁ»;‘;éfiﬂxiﬁ; » BB CO F AN 2 4 A7 ik
R o A5 02555075100~ 125~ 150 2 200 ppm » £
P-1ml 7 » GC £ 52 Mw fFft CO 2 R ¥ &> 55 4of]l = 97

7T °
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150000 -

y = 676.3x + 7155.6
R® = 0.994

120000

90000

Area

60000

30000

0 25 50 75 100 125 150 175 200

CO concentration (ppm)

B>~ CO Z R84 & o

Fig.6. Standard curve of CO concentration.

|

S) F#¥ CORTEL T

FEB~ 20 g 4R & 250 ml SEa HLP o 4o~ 2 Bk ARk 0 1Y
BORTIO R | A4 £ B 4 A 180 47C 11 4500 rpm e 10
Adh o B S g2 b R R B 25 ml 2 r 60ml HEEELY 0 4
25ml 2. FA5 k2 0125 ml 22 ¥ f% > £ 4c » 10ml 2. 20% #ipaia
FRpREAF > WRT L4 SFE L) FRETY FITE A
mlZ » GC» #4712 st a fFi5d COTEY RN E P CO

AREE - ARZRITIOE - £4F 0 NHTIOL T o

[GC 2z 4475 ]
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) : Hitachi G-5000
#4448 SUS (3.0mx3mmO.D.)

“u 3 & Molecular sieve 13X, 60-80 mesh

B
2

é?%ﬁiHe

N

ik 1 22 ml/min

wefhig R 1 50C

A v R 150C

7Pl 2 : FID (Flame ionization detector )
WRIEER 150C

Bzit R R 1 450°C

I ~ 33t 445 (statistical analysis )

rEZ% R > A% (completely randomized design; CRD )
2.2 % k3t (splitplotdesign)e 27 F CO &Jd2> ;4 5 4 % (main
plot) > MpFEPERF 5 A%  (subplot) o | %38 P #7187 2 Bcdhp Al *
statistical analysis system ( SAS, 2002) it 2 ZH#HfEF LA 47 > U -
A2 (GLM procedure) 77 FAJEm 2 £ R Z 4P
R dip) e & ko] T 3 T 3aiE (least-square mean ) JP|Zk 3 VL ofiR %

Rl TiaE2 BALABBEN -
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Fo —F CREAFTEERNRLI IR $2

g2 P bR - F CREAEFRF (0-30~60-90 %2 120
) R R (2% 25°C) ¥ PVC (polyvinylchloride)) ¢ % & 2 5 &

2
1. ek

B2C%2 206CT o2 pplFip 58 CORM > $5FRPVC
SHZ I ot wEaw pHEYEEFLE (p>0.05)-

Bl- ~Bl~a8 5 a2CT - § PREFERHPVC ¢ X2

B4 53 25C™ » COBFIRERE 4 PVC & g 2 vop B a*E 2
$ibo HERAET COARLE? a*EHFE 04482 (AL COE
) (p<0.05): @ CO AL E2 B4 BE LR (p>0.05)> 27 1
120 ~ 4802 a*BEA F > H W =0 o BL 2325CT » - § L

JAREHE 7 ¢ 2 Paxiz B8 o 2%k CO ALz



i BFELE (p>005) B o 130 Adbes a*Ef d 208 =

3. ;i® W L@@ (TBARS value)

TBARS &% % 4cBlL - 771 o 2. 2CT PVC & %2 p 3
TBARS &2 0 2452 % 120 4 480 58 ¥ B >0 30 A 45 ~ 60 & 412
290 A4k (p<0.05) B30 A4z 90 A 4w A F K (p<
0.05)cm B G & k2 gpawep 220 TBARS B & 'z BilF ¥ 4
2o

BL= 530 25CT » - § RIS PVC & 52 sep
TBARS & (2 prag b2 T30(E ) 2 §2 8 — § Vs fP P 2 120
Al ER R e & (p<0.05) B30 A4l ~60 A4 E 90 A
BEREFR 0 4E (p<005)om - 5 P RBRIETHE 2 & %
R e 22 TBARS Eplatg¥ £ 8 (p>0.05)-

oy

FEIRE 2T 2 25CT P PVC & KB 5 & 2 p
B F CRERAFRL304ETTRE SEHEZI P E PVC e
%P 2 TBARS & » - § LRI RT L 30 M40 0 A4
B2 120 4B o T — F LR BARFERE R L 30 A 4B R

(R 1 % o
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18

a
a a

16 a

14 -

12 ~

10 ~

g

6 -

4

30 min 60 min 90 min 120 min

a* value

CO exposure time

Bl ~*2CT -5 “REAPFFHPVC # A2 yep #arie (&
PR T2 T30 ) 2 B P AT AR T &7 5
MELE (p<0.05)e-

Fig. 7. a* value of PVC-packaged pork loin chops pretreated at 2°C for
0-120 min with 10094 carbon monoxide. *"Bars with different

letters are significantly different (p<0.05) .
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a* value

a a a

0 min 30 min 60 min 90 min 120 min

CO exposure time

BIAN~32CT - §F "RBEIFPEHE 20 KR I a*iE (2
PR 2 L0 ) 2 B R AR R R T AT 5
BMELPE (p<0.05)-

Fig. 8. a* value of vacuum-packaged pork loin chops pretreated at 2°C for
0-120 min with 1009 carbon monoxide. *®Bars with different

letters are significantly different (p<0.05) .
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4

30 min 60 min 90 min 120 min

CO exposure time

Bl4 -3 25C T - § MBI PVC & R g 2 a* (4
Wﬁﬁ@iibﬁ)i%§o“%k&ﬂ@ﬁﬁkiﬂ%ﬁi
BMELPE (p<0.05)-

Fig. 9. a* value of PVC-packaged pork loin chops pretreated at 25°C for
0-120 min with 1009 carbon monoxide. *®Bars with different

letters are significantly different (p<0.05) .
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18

16 -
14 -
12 -
10
8
6
4

30 min 60 min 90 min 120 min

a* value

CO exposure time

Bl 22 25CT 0 - F PREFFEFHIZ AR farE
(LPrRpER 2 T30E ) 2 B8 - A kAT aipk 32
273 HEFLE (p<0.05)-
Fig. 10. a* value of vacuum-packaged pork loin chops pretreated at 25°C
for 0-120 min with 10094 carbon monoxide. *"Bars with

different letters are significantly different (p<0.05) .
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TBARS value(mg malonaldehyde/kg)

0.16
0.12
0.08 -
0.04 -

30 min 60 min 90 min 120 min

CO exposure time

Blt— ~*2CT > - 5 P RBAFFHEHPVC ¢ LR L ovp o
WL (ARTRPET T ) 2 B8 Rt
e Ft 473 BEFLE (p<0.05)-
Fig. 11.TBARS value of PVC-packaged pork loin chops pretreated at 2°C
for 0-120 min with 10094 carbon monoxide. ““Bars with

different letters are significantly different (p<<0.05) .

50



0.16

0.15 -

0.14

0.12

TBARS value(mg malondehedy/mg)

30min 60min 90min 120min

CO exposure time

Bl = ~*25CT » - 5§ PREBFFHPVC e R 2oep
WL E (RRTREF L TEE) 2 RE T FRER A
e F* AT EFLE (p<0.05)-

Fig. 12.TBARS value of PVC-packaged pork loin chops pretreated at
25°C for 0-120 min with 10094 carbon monoxide. ““Bars with

different letters are significantly different (p<0.05) .
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oG BRI RITAIE- § LB R K S

- ~REZyR IE AL 10096 CO IZ 30 #4818 0 £ 1 PVC ¢ KT

e

1. pik

pH EE - fEH » Rl Tp &5 F2 > 2 pH Eg Mg @ 5
£

A2 ATP ~ v VR FRFL 2 ¥k 2. 3 i (Judgeetal., 1989) -

BlL = SPrmip - § CREST S NP2 eug B pH 2 8
o e pH adF 43 5.87-6.07 2 F 0 - 4m 3 0 = % pH EATET
PR 2 12 % o NPT E 2 X o pH EvE pic b 2 > 12 CO-25 ez
pH B & ¥ 3 " Air-2 2% CO-2 & (p<0.05)-*% 4 %2 6 = »CO-25
ez pH & E > Air-2 2 (p<0.05) 4&p] CO-25 275£ 11 CO fe
TR > 3 25°CT AiF 30 A 4EiEART o P2 BT e SR A
£ @ ¢ pH E#F - Banwart (1979) 3{;—,:’ B & *’Lrgﬂti«f"ﬁ L
Horg o FaRARMAF 242> m 22 5 (ammonia) % %

(amine) @ = pH &+ 2 o

. Tt Xt @ (TBARS value) iR 2

TBARS & (thiobarbituric acid-reactive substance value) & 5
FOMERPTAR AR chdp i A RGP g P = B FEET Ae oty L AT
A2 = & F i* 24 p = f> (malonldehyde ; MDA ) 1% o 3 = fixe?
Fre ot g A EA (TBA reagent) P ehfn® v X A (2-thiobarbituric
acid) F JiE* ¢ 24 % d > kBB £ 532 nm P %
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—#-CO-2

—— CO-25

5.4
4 6
Storage time (days)

2 5

Btz %2 Co MR- § I RAIE S PV KR
PpHEZ FF e irf P E I b ASLEAF 34 27

MEZLE (p<0.05)-
Fig. 13. Effect of carbon monoxide pretreatment on pH value of PVC

packaged pork loin chops during storage at 2°C . “*Means within

a storage period having different letters are significantly different

(p<0.05) .
'Air-2 : air in a MAP at 2°C for 30 min, then PVC packaged.
CO-2 : 1009%6CO in a MAP at 2°C for 30 min, the PVC packaged.

CO-25 : 1009%CO in a MAP at 25°C for 30 min, the PVC packaged.
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BlLe S v - F 1“2 > sV 2 o £ TBARS &
2 o3t 5 0°2% 422 %2 TBARS i ¥ £ B (p>0.05)
% 6% 0 Air-2 22 TBARS A ¥ H # = &= (p<0.05)> @
Air-2 25 % 6 R BERB2Z R T 7 o E3E kL TR o fp B

7

-~

ZHET AT ERE o F 8% > 2w TBARS E3 T % > |

|

FART28¥ > Vi dpv32 [ - > (malonldehyde) % H is &4
BRI S XA F IS RS B B R 2 2 TBA
=2 A% £ 2% (Gokalp etal., 1987)« — 4@ % » = 2 TBARS &5

%F&Fﬁiﬁ fodm A 42 ABFPF 0 % 8 % ¢h-Besser and Kramer
(1972)#;; N CO LG g it EM &Y CO Lpsd 3 7144 - Silliker
etal.(1977)~ #F &) CO 3t ipangig it (% o 2§ A A p%k ¥
CO Agm w2 TBARS %24 % 4 Bim CO %24 #Lf it %

RFE A CO R R o

3 % }’:" B’U?-r }ry A,\ (A

RS2 v Red Uz ARG A dod § oAk o

( deoxymyoglobin, deoxyMb ) ~ § &4 viz Fv 2 M3 TizcFov > =

ke

MHF e g F AR R SRR R R B AT SRR &
¢ ¢ % F i“ 42k hdpi% (Faustman and Cassens, 1990 ; Govindarajan,
1973) - Ledward (1992) 43 81 % 42 vic oo s 2 L3k oo
(Fe') ¥ = G4Baps 40§ 754 = BT - 7 2, X ks gl
stir v (Fe™)o
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Al
J

—— Air-2

TBARS(mg malonaldehyde/kg

0 2 4 6 8
Storage time (days)

Bl-w ~ 3 2°C ) PPk - § (L pEaR = NIMPVCe R 2 s
PTBARSHE 2 F:48 o e pr 3 o AL A0 o 3 #

217 HEFLE (p<0.05)-
Fig. 14. Effect of carbon monoxide pretreatment on TBARS value of
PVC packaged pork loin chops during storage at 2°C . *"Means
within a storage period having different letters are significantly

different (p<0.05) .

'"The same as Fig.13.
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Metmyoglobin %
N
S
I

—— Air-2
30 L ——C0-2
——C0-25
20 -
10
0 2 4 6 8

Storage time (days)

g].l_

1=

2T PFRE - § L ALESE S SVIHPVCE K

RO hd T A 2B e iR T 2 e e
B F* AT HEFLE (p<0.05)-

Fig. 15. Effect of carbon monoxide pretreatment on metmyoglobin% of
PVC packaged pork loin chops during storage at 2°C . “*Means

within a storage period having different letters are significantly

different (p<0.05) .
'The same as Fig.13.
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BT 5P - 5 PR gl R e Pt gt
B0 F A (MetMb9) 2. 82580 e — 4 2 o WL PFRER > = 2
Blicvedd FAVRIEFLE (p>0.05) & Air-2 ez gt
R FAVHANAEG S 2 (CO2 2% CO25 ) fipld 2 CO
Bt Few GuEE A e o A iz d MbCO» — & A5 2 {8
P35 F (v 4kd 2 Bt by (metmyoglobin)%*ﬁﬂ*ﬁ*@% ,

2 gl Fen gAY g 42 AR % (e 7 g ¥ o Phillips et al.
(2001) s34 @ 2 ¢ éﬂ?*’%ﬂ*@@% gy EoeiBw X TlF I
/&4 (oxidative stress) m % 2 M Iivicky A F 2 F Lt -
Bofrgeio ben iF Sviokn RiRFpE 5 % g A 54 (Hunt
etal., 1999 ) -

4. ¢ %

fE S RHP S ERFES T - R 2 e

R ILE G d ORI R e KRB LSRR o LAE AP

RREHEBEARS A TARP R > AR PR a*E AT s BB
AR L oTARE AR PARSZ D E A TR S R O I EARK A AR

(1) PaRE

Bl SRl - F R SRR B R R (L

value) 22 50 o — e/ 3 > Air-2 22 L¥ESPrgib B8 3 CO-2 &
2 CO252  XEF 62 583 AIr-2 w2 L*ElEFZHB -
B (p<0.05)s @ CO-2 221 CO25 w2 L*ER 2l F L P (p>

0.05) c **pri P& > = 2 L*¥ELF = < ¥ i o Richardson (2003)
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i COgovie Jvi i MArd g R PP o B AL 2K
EF i@ COzE ﬁ 5o '%"i"?l,ﬁ P & (Lufio et al., 2000 ) - Lindhal
etal. (2001) 45 d1 % hrvie G- A}é_N} M) L*E i o AZREE IR
CO-2 22 CO-25 22 MrivieFoo FARM »m L¥EY Lo

(2) =4

Bt - ZIPRPF - §F PRAIZ S SHRE L R d R (a¥
B) 2o AEHR I B P I IV B Ao 2 570d »m NGRS L
TR EF L oCOFMT BB D T oeg 2 P M3t F 0% > CO-2

B --)

22 CO-25Ez a*E g ¥ 3 2TAI-2 2 (p<0.05)- P71 % 2 X pF >
CO-25 ‘o2 a* @ Af ¥ % > 74122 CO-2 & (p<0.05) @ CO-2 &2
a*iEs B EFF A2 2 (p<0.05)3t % 4-6% 8 % 5 Air-2 22 _a*
B M CORIE 2 (p<0.05): it 7 COAJRT Bt P S-ppd HiF
Bz d o % % (1998) MCOF MAIL 4. p (54 41 L NPE# % 1 % >
REFRCOAIL w2 a*BAF Z 084l o M pF B > = 2 a*
B F TEARE O AR B2 a*E T REERGREE P L ITRER
Ao A2 2 s dd P R bz kR ¢ Felg § i SFe2 it
Vel ded o p R d i d R LR > BRaVE T o f T vl R
AEz g vk g ahg i g B F R G 2 )% B 0y

g bt A enpd K2 ¢ AP ¢ Biikhemedv 2 vl Fov

B f7 % 12 (Metmyoglobin reductase activity ; MRA ) » Flygta* i ¢ =
*# (Linetal, 1977)° @ CO-2 £ % CO-25 2z _a* B Spra ) ¥ % i
2 & daipld HCOZ i B E R BRI COT R LT K
i o BFe 3T 2 bAkF L AFe 4T > AruarEa b o
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70 —— Air-2
—=—CO0O-2
65 - —4— CO-25

L* value

50 -

40

0 2 4 6 8
Storage time (days)

Bt~ 2°C prgp B - 5 CRAIE S NHPVCE g2 g

g 2R (L*value) 2 8 - e prdf ) 7 F AST &
e+ 273 8FLE (p<0.05)-

Fig. 16. Effect of carbon monoxide pretreatment on L* value of PVC

packaged pork loin chops during storage at 2°C. “"Means within

a storage period having different letters are signif icantly

different (p<0.05) .

'"The same as Fig.13.
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25 1
20
d a a
— a
o 15 2 a a
=
Z = —— —— b
: b ¢ b —‘b\‘
= 10 - c
—— Air-2
ol —=-C0-2
—— (CO-25
0
0 2 4 6 8

Storage time (days)

BlL= ~32C ) pFF - § i pEgT S NHPVCE S 2

Pa*tiE 2 FE-THRPITRPE I PRILERE T LT
MEALE (p<0.05)-

Fig. 17. Effect of carbon monoxide pretreatment on a* value of PVC
packaged pork loin chops during storage at 2°C . ““Means within

a storage period having different letters are significantly

different (p<0.05) .
'The same as Fig.13.

60



Chow et al. (1998) 451 CO & iz 3vi § 3 cru g4 > 7 117

e

X CO A weis Fov o b3
FRMETAL Ded § i dod (AR T F v o A
bem (mARMIFE I B o Serheimetal. (1999) 7 #-7 p £ 12 0.49% CO

XEOFEEE oM COAPP i dr 7

Y

2R EF e

Wk 0l COTEAGRIS L T 5§ HAe Hpvi s S5 4 § i d

T BRI21R 0 KA 02 F AT

wF

B fE 2 1+ (Clarketal., 1976) » % (1998) 7 dp i CO F H
BB A B 15A M W PE & NS TR FRAR 2 d B g
Eprpe i o

(3) % ¢

Bt ANE7— 5 PR RIE S ST R L e PO E (L RPTRER
2 TE) 2 P REFHE A B2 *EEF R RE S A e (p<
0.05)> mCO-2 2% CO-25 2 b*E R & X LR (p<0.05) Bl
~F AT ELi G P8 0 #Fe™@ A 5§ v XFe” s @ Air2 &
WF R A NGRS 2 Bt Fed o Fl Pt A g By d R B 4 o
Krauseetal. (2003) ##3 M ¥ £ % e £~ 2 72 ¢ %2 04%COA #
FRZ NG KR OFRTET N E2DERFRNEL S
%2 04%COBF ¢ k> mE 5 e %2 04%COB F & 2 b*E L}
HFAP " f R LB R a R AR

L ARFRER (LRI ez TinE ) ¥ L ovp p§ 4
) 2

B (b*E) 2 B 50 o W ERTRIFE (2-4-6% 8% ) ff 52 b*iE
FREFNEO0XE S b*fE(p<0.05)’x;‘§f‘v?E’%‘;§?ﬁPF§ » b*iE
aBFARL (p>005)> % 4 2ot o
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22

b* value

Air-2 CO-2 CO-25

Treatments

Bt A~ - § i pAEIE S NHPVCE S 2 vl 2b*i (& PFE
P2 T30@ ) 2 BB A R AR EAET* &7

T REFLE (p<0.05)-

Fig. 18. Effect of carbon monoxide pretreatment on b* value of PVC
packaged pork loin chops . “"Bars with different letters are

significantly different (p<0.05) .
'"The same as Fig.13.
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b* value

18 |

17 ¢

16

Storage time (days)

B4~ 2C ) PR (i@l T35E ) HPVCe L2
]i:}ikb*fﬁ_-i%?-?g°a-67 kﬁ?ﬁﬁ@i@#@’mpﬁ—?g %\7?’); kg
FAPE (p<0.05)e

Fig. 19. Effect of storage time on b* value of PVC packaged pork loin
chops at 2°C. ““Bars with different letters are significantly

different (p<0.05) .
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Bl= - 2l - 5 U2 U 2o B S R
PR E o 2%"$4 '3 H 0456 % 8 % 5 Air-2 B2 4
F 8 CO-2 e (p<0.05) iz CO 12 5 Fr @ ehws s
Fl 5 Air-2 28 CO-2 22 54 3 A T2 A% 5 (Air) 2 CO F
o dek 2 2 CO G Frpa i » PIECO § W77 Rz > %
R®OAIM2 2 4 R CO2 B o f 2 fan i CO B § 4ok
(Clark et al., 1976 ; Lufio et al., 2000 ; Viana et al., 2005) > F]¢* » CO
L e A CO-2 l 3t hengr fFac ke G it o @ CO-2 g2 CO-25
CIESR N pﬂgz— YT RFHFALE (p>0.05) & CO-25 2 FHik
AR CO2 e eTa L aFmHIT - CO-25 w2 p a2
CT COTFARILAFF 30 M shispetFe sk A RELE @
CO-2 e & g Mg (2C) T2 COF s MERIT NuEFEHE 2

/:l,_rf::’ °

8 R AT L a2 R A SRR 4o @
b FRFEI R 8 X 0 = mAJE w2 M4 Ffkch 10%-10° CFU/g2
B @A g (2C) TRRE £ A2 LR - T
WPVCE i Fprast 2CF iR 8 X 0+ o Flergn (1997) & %
FIIEA P UPES Epr gt MR (0°C) ™ 0 TR P &F2 pTa Y
HI 99X AT EE @ %?%Daintyetal.(l983)a‘ﬁ i
Rep 23 AhAAL NRFIAEL LG F T (WPEe X)) Fikc
# 7] 10" CFU/g#7ig & o
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Total plate counts (log CFU/g)

0 2 4 6 8
Storage time (days)

W= - 22200 PP - § BT HPVC e gk 2 v
P HE PR R RDE G R ASLE F T2 £
TFHRFLE (p<0.05)-

Fig. 20. Effect of carbon monoxide pretreatment on total plate counts of

PVC packaged pork loin chops during storage at 2°C . “*Means

within a storage period having different letters are significantly

different (p<<0.05) .
'The same as Fig.13.
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Fw ZERPEF - F P RIL NHTF Feaovup B g
CRAFTEZH o ZED
PP R sem T E 0 X PFCO2 22 ¢ COZ R 5 15835

> CO2 22 CO25 22 CORYT S

ng/kg » CO-25 22 p 7 CO % £ 5 314.69 pgkg > 2 CO-2 2z p ?
CO z & i Japlyg P #2 CORBMPFF RAERRN > ¢33
poP st den 28 CO B & ek it F% K F)pt » CO-2 22 ¢ ¢ CO
FERERS AN CO25 2 B F B RERE § R iz Fky 2 CO %
LehF it KK AP Y COFERE - & ztfﬁﬁza,a
B COEI ez p¢ CORFTETALETH:CO2%22 CORTE
70.63 pg/kg’ T % 3 R keh44.959% 5 CO-25 &z CO 7 F B % 140.90
ngkg> T I R k44779 BFER 6% 0 A e CO EIL 2 f ¢ CO
o E A B E 2617 uglkg 2 69.48 ug/kg 5 5iE 8 X T 0 CO-2 e
2 CORG# 4] 17.90 ugkg » m CO-25 22 COR T £ # 5 39.29
ng/kg e B E R A A G E N fH2 COr Ap 2 ERF COF 4
AETELARFITI R FUtp 2 CO AT E € /b P g
e dRm o d a*EEE (B4 ) @ PFE T 8 X 2 p el Inend
FO RS AR T ATICOERR A FAPEBRR L
T4 7 CORTEEITRBFFH en Bt e 2 425CO ZR %
AowEIL Feun L a R #Ld ,%;k,ps Sdet 2. CO » 273 #E4
2

Watts et al. (1978) %alﬁﬂ 1% CO A 5CT @t p 3%
RUEHRCOMF e %k Bp 9 2 MbCO K& & 8 B T FFR
3 XPFERFS - A~ 2 — o Gee and Brown (1978) ¥ HE2 ¢ ¢ o
MbCO #it ¥ 5 BT praenE £ 8 5 2.1 % - Ishiwata et al. (1996)
s FMp R BIFRA R OFRLZCORRY FETEFFUEL D K
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AR T F 0 CO2% CO-25 2 SR (P g
BIT2C)te kP CORTELFITRPFTH em T % o p
2% CO-2 22 CO 7 & % 15835 ugkg  » CO-25 22 CO 5 & %
314.69 pg/kg &R £ % 0% CO2%22 ¢ COATE S 60.19
ng/kg > %Ki AR E 2P $n38.019% > CO-2522 ¢ CORTE
5 231.68 ug/kg T AR F 2 B 73,629 4orTIEE 30 AT
gip Zrs CORFTESM PRI 8% » R #1852 CO-2 i p
P CORTE F#834ugkg CO-25 ez ¢ ?¥ CORTEF 5 12.59
ugkg: s 2 CO B2 p?P CORTEY 5 1BM BPIEd So#im
TR P g At A R WA CO Ayt A K o I
COF % k» FHBERFNTOC p ¢ AMprcis v @ SR
(Chow and Chu,2004) > Flpt 3 ¥t g2 p ¥ CORGER" - R
%mﬁﬁ;S%’ﬁéco%ggmﬁgﬁbﬁjaﬁgiﬁ%,ﬁ
Bl TR igd S g Ryt By B d 3 CO Byt b § 5 i
&4 5 @ MbCO # & % > A 2 %15 o Chow and Chu (2004) =
BALI O ARG 3 R RSB AE P CORTEP A"

ARELF IR EL 1 EX R CO FHMAAILE &0 K
Ao 2006 F 9% A T A ¢ - F LRz KRS R 0 gt ko

=

T

d@EAE Y COZ R RARPEHNE Y CORTERF RTLED

B o200 E 2RSS EHFFRE (FDA) B ALY 5 5

04% CO **r 5 ¢ Fopte Xidp HF773 5~ CO &5 4850

ng/kg o A F &Y TRl R R AT CORTEF M CO 2
FoF M AFEHTR* 2. CO
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p &5 4 4 (Ministry of Health and Welfare ) & 1995 & 3L z_1! 4.
B P COR Y B E42i6 200 pghkg B2 5 A f 7 4 ¥ 5507 CO F M
ok hFHHED A p P CORTZEIFIER FNCO2 2L
A g% (15835 ug/kg) 2 % %16 (60.19 pg/kg) 22 CO#F £ % 3t
200 pg/kg » Fl » CO-2 2 b mif CO ALl » Hizd BB 2 f ¢ CO

AF R AP AR AR

68



Lw S PTERI T - F CRUEIT S N R A APVCE 2 vop
PoFitRATEZRD
Table 4. The CO residue changes in the PVC packaging pork loin chops

pre-treated with carbon monoxide after cooking

CO residue in meat (pg/kg)

Days Before cooking After cooking’
CO-2 CO0-25 CO-2 CO0-25
158.35+£9.54°  314.69+7.99° 60.1949.05¢  231.68+8.99°
0 (100%)’ (1009 ) (38.019%)" (73.629%)
5 70.63+2.87°  140.90+1.85° 42.20+4.41¢  83.68+2.84°
(44.95%) (44.77%) (59.75%) (59.39%)
A 45.03+4.01°  98.6144.39° 27.37+6.22%  45.46+3.15°
(28.43%) (31.34%) (60.78%) (46.10%)
. 26.17+£2.92°  69.4842.85° 16.66+5.77¢  29.19+3.06°
(16.53%) (22.08%) (63.66%) (42.01%)
. 17.90+1.54°  39.2942.12° 8.3442.689  12.5942.76°
(11.30%) (12.49%) (46.59%) (32.04%)

“®Means in the same row with different letters are significantly different (p<0.05) .
“UMeans in the same row with different letters are significantly different (p<0.05) .

Each value is the mean + standard deviation.

'The same as Fig.13.

*Meat sample were cooked to internal temperature of 72°C .
3CO residue in percentage during storage before cooking.

*CO residue in percentage during cooking after cooking.
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S SRR g S 1009 CO ASE 30 A 487 0 £ L E T & ERETR

\\

Bl - GRTREE - § AR S 2o R pH B2

Ho-mz TR EFRERITE2Z pH BT HFLE (p>

0.05)c %% 3% > = Brd@lez pHEF ™ "% » fLfl 5 b &° SR B
CE2EAALARSM AR pH B MATRER - WE e KG

P F TR VLRSS F 2 $ 2 B doit Pseudomonas FR
& jbr 5 Lactobacillus, Brochothrix, Thermosphilic bacterial 2%
Enterobacteriaceae #7P~i* @ 13 = "8 1 pH &2 L % (Pierson et al.,
1970) = ¥ ¢b » tRergn (1993) g E 2z e K7 45 2 BEpE

FIRA REZ AV RS RASRI LADAE R P D

pHET™ 3 54-56%"% 63 12 % »= %22 pH Eiz

~=h
\

b0
-
R

e HHBLE X o

2. 7i® W L e (TBARS value) 7%

PR P L B2 o2 2. TBARS @ ¥ £ 8 (p>0.05): &
%75 CO A%t TBARS @23 B8 d w5 * 175 ¢ v o
Bk IR 0 g FTE #B o 7 TBARS il BEF R - Bl=
Lo SRR (Rl TiaE ) ${rt 2 v 2 TBARS B2
B2 587 TBARS EREF AT P 2. 5 40> 3 207 b 2 2 4%
PP ARELER o HRE (1997) 1A @ KNP TS REERE 2
TBARS & » 3 3LE % ¢ %2 TBARS @ % L 0 » L 2% % ¥ Apg

=t

%% 4p v oJohn et al.(2005)7 45 J1 #7512 B % ¢ % pvito 2 TBARS

BiRG F &K g e FP > B T UG s g R
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o | —=-CO0-2
' ——C0-25

pH value

5.2

0 3 6 9 12
Storage time (days)

Bl -~ 2°C 0 BB T - § R BASES SR S e

|

PEpHEZ BB - "R IFFDP T2 P AL Ep R 32

2 lEFE L3 (p<0.05)-

Fig.21. Effect of carbon monoxide pretreatment on pH value of vacuum

packaged pork loin chops during storage 2°C. “*Means within a

storage period having different letters are significantly different

(p<0.05) .

'Air-2 : air in a MAP at 2°C for 30 min, then vacuum packaged.
CO-2 : 1009 CO in a MAP at 2°C for 30 min, the vacuum packaged.
CO-25 : 1009 CO in a MAP at 25°C for 30 min, the vacuum packaged.
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Blo L= 3 2C  pFwRE R (Frdle THE) HLze Apl
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Fig. 22. Effect of storage time on TBARS value of pork loin chops in

vacuum package at 2°C. ““Bars with different letters are

significantly different (p<0.05) .
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Fig. 23. Effect of carbon monoxide pretreatment on metmyoglobin% of
vacuum packaged pork loin chops during storage at 2°C .

“*Means within a storage period having different letters are

significantly different (p<0.05) .

'The same as Fig.21.
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Fig. 24. Effect of storage time on L* value of vacuum packaged pork loin

chops at 2°C . ““Bars with different letters are significantly

different (p<<0.05) .
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Fig. 25. Effect of carbon monoxide pretreatment on a* value of vacuum

packaged pork loin chops during storage at 2°C . ““Means within

a storage period having different letters are significantly different

(p<0.05) .
'"The same as Fig.21.
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Fig. 26. Effect of carbon monoxide pretreatment on b* value of vacuum

packaged pork loin chops during storage at 2°C . “*Means within
a storage period having different letters are significantly different
(p<0.05) .

'The same as Fig.21.
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Lactic acid bacterial counts (log CFU/g)
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Fig. 27. Effect of carbon monoxide pretreatment on lactic acid bacterial
counts of vacuum packaged pork loin chops during storage at

2°C . **Means within a storage period having different letters are
significantly different (p<0.05) .

'The same as Fig.21.
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Fig. 28. Effect of carbon monoxide pretreatment on total plate counts of

vacuum packaged pork loin chops during storage at 2°C .

“*Means within a storage period having different letters are

significantly different (p<0.05) .

'The same as Fig.21.
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21 CKFERPF-F PRSI E Rz AR T
-FrRATELRD
Table 5. The CO residue changes in the vacuum packaging pork loin

chops pretreated with carbon monoxide during cooking

CO residue in meat (pg/kg)

Days Before cooking After cooking'

CO-2 CO0-25 CO-2 CO-25
85.02+4.00%  114.09+1.86°

156.4+3.05®  194.93+3.21*

0 (54.369%)° (58.539%)
; 171.69+2.45°®  219.50+5.75* 93.10+2.78%  123.34+5.77%
(54.22%) (56.19%)
‘ 185.80+7.05*®  220.22+4.40** 92.10+£4.24  120.11+8.59°
(49.57%) (54.54%)
9 179.29+7.16™% 207.51+9.45% 90.8443.74  116.70+9.00%"
(50.67%) (56.24%)
. 187.05+2.71*°®  220.40+4.78* 91.9743.21%F  120.80+6.829°

(49.17%) (54.81%)

““Means in the same column with different letters are significantly different (p<
0.05) .

“*Means in the same column with different letters are significantly different (p<
0.05) .

ABMeans in the same row with different letters are significantly different(p<0.05).
PEMeans in the same row with different letters are significantly different(p<0.05).

Each value is the mean + standard deviation.

'Meat sample were cooked to internal temperature of 72°C .

*CO residue in percentage during cooking.
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title 'PVC';

data split plot;

input trt day rep TPC pH L a b TBA Met ;
cards;

(datas)

proc sort;
by trt day rep;
proc print;
proc glm,;
class trt day rep;
model TPC pH L a b TBA Met = trt day trt*day;
means trt day trt*day/duncan;
Ismeans trt day trt*day/stderr tdiff;
run;

fig— ~ SAS T AR K

Appendix 17. The design for SAS computer program.
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