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B B BRAFAENCEFEZBEL UL EICREINTEY, BB LS W RIZE~T 2 A2y 73
VFE(HCA #8H), 7V R — Vel = A7 VHH (GEs ) KON 3-7mn 7 a/ u-12-U 4 — ViR = A7 /L HH
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BB PP 0 B THEASN TV D, AR TIE, BIEOHT-7efiEMEEL T, SREMBGHTEL - %
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a*, b*, W) %, a7tz W THIE LT, F7o, MEGHEESN A4S ANDL T —ay N ERE O TE R
BFOHH A To7-, Bhn a0 BIFE S, —— ARRER (TA9S, +S9mix) & FHVCEMIiL7-, F7-, InZGHeR
L7=&PIH o HCA #i (Norharman, MelQx, 1Q, PhIP, Trp-P-2, MelQ, MeA o C, Harman) #% LC/MS/MS 7:% VT
HIE LT, [FERD S CMENL =435 A2 RS AL, 150N Z SN\ T, V=T Lo —T IV E Az v 7 AL
— I RVIRE A Uz, SO IEEZ BT LA CTRERIL, 3B D% GEsOAIT U8, A7 TVVEE, 1A
VR, V=g, ) VU g) KO 3-MCPDEs (VLI TFUfig, AT T VR, AL AVER, V) — g, VIV R B
LC-MS/MS % HWWCTHIEL 7=,

I, KA, A BIEAZ RN TNBGIEL /-2 A, BRIEAIRINL TV WA SR, 22 RIFMENEI 32
TER DS HERR CETZ, F72, TRNIZKE 20 mL TIX 10 mL (2, RS Uiz, IEGRHE% OF- SR OGTHIT
BHEOWIMZLOPAEZ 7T LMEE AR T WHED E AL DEH AN bV, IEGHEES -4 & A H O HCAs

BIX, BEE2TINT 52820 T AN A5, GEs IZBWTH, K& WICRIEZ RN CONEAREE- 528
T, ApkElIE Lz, £72, 3-MCPDEs Ti, BIEZRMT 5281280, AR &I MmN ALz, GEs &
3-MCPDEs [I5E H R D [RICH A DA T 253, BREEOWINCEVIEF(LIA THS 3-MCPDEs DA R AMEREL 722
LAVRIBE T,

LLEDOFEREY, BHEOWINCEDZ 725D I B O RA DR FEOERNC LY, 28R E DA RN ZE
Lo ZEDRIBS I, LTED3o T, 5 RNEMRHC B A RN 952 &C, 28 BRSO Z8 B - 5803 AU W O A J o> BTl
ENT=ZEn, 5%, IMBGIEIC BT DB ORI AR HFRF T 5,

1.%# & WD, TI7ULTINR SR FH R RAL/KFE (PAH),

BT, B2 MEFEIE N EEN DN, 20 ~TuaA2)y 77U (HCASs),, SRS (AGEs)
HZIEIN oA BRI B T DB IR IZ LV AR T2 FERHLNTHAIH, ZhhOWEE, iBREAME & &,
HEATOX (Heat-generated food toxicants) EFFEALHFENE  INEMEEE ORI IC LY, ARk &P MEIURIZ 2203 H



TLBIEND, T3V A7 T BT LI TR,
HCAs 13X R0 E R OT e %<& Te R ina L
TeBEIC AR L, ZAVET 20 FREELL EOTEED MRS T
BB, TUBOR, T, TVa—AK O
T F =V SRR L2 D AT — R RO XV AE R T D
HEINTNDBEL b HCAs (3SR CYP1A2
[CEDAREHEM LS T, DNA SAHIEETERK 528 T
ZESRIZ BINFHIRE ST, MADIIET D,

FAITTNETIZ, SRLAROIMMBGHEREZ, 7Y
R —VIEiE AT VHE (GEs) & 3-7mm 7 s 2-
VA — Vg = AT )V (3-MCPDEs) 23 E 452 &
AL TD GEs &Y 3-MCPDEs 1%, &l
R TR ThHLEE COMRE TR TEL, kw4
7w — /L EDLEER R iR K OIS ] 5 0 N
FUHEICIY, ZOERENEET L, GEs KO
3-MCPDEs I, TN S—BDIEAIZID, AANT
RNIETHDHT IV R—L KN 3-MCPD 7385,
PLED I, Tz 13 B HEANTINEGRELL 7= A 2 FE
THZET, ZTNALFWEITEZEI N TNDHENR, B
DIEFEVAZ %5 25 1T, 2B LS E Ol &K
WAL T HZENEETHD,

INOERIFME OB AT T 55 1EEL T, =—
LA DD, T DHERIL, EATFT VB REFE D
B RIENEETNDTD, BEATF VU 2B iR 27
WEHE CERWERTF VU ER M (His ™) O B TH
Do ZOWDBIRFIZER-FBAEDMER T 5L, &
BN IR E RN, BAERIZE > TeAT I UR
7R THIYIE CEDEARTF VL IEE RN (His?) 722, 2D
BIGaR L TE R E S D0,

AL TIE, ZESRICEEZIRIL TRT 1 RICE
RL7=%%, BFHERL, —— ARERERAE VTR O 28 #
DB 2R L7, £72, LC-MS/MS % H W\,
HCAs, GEs & " 3-MCPDEs DERETTV, & A& INEN
TAELL - B O Z DA B BB AWE ORI T 58
HOMHI AT L,

2. iRAZE

2.1 BIBEZARMLI-BRA/ AT DER EINEGRE
BHOA, KX OBIRERA 50 g (FdfilNA—/3—T

B IR OEELLAN 2.5, 5, 10%E7255512, ¥+

R A 10 $£7213 20 mL ZEAIL, 200 [FEIFEEIRIEL
Tet%, BAZVICED, 2371 (100 mmx7.5 mm) Z/ERLL
Too (ERLU T2 RT 4 % T AKINER (T T A 730 ) I K0 JINEA
RLER 7=, IR 2B W I A ST DD T & hf
RERIE LT,
2. 2 MBFEIN-FTRAOEFAE

ML= BHC YT Ty T2, 1oD37 4T3
Fro %, 7% (TES-135A+, SATOTECH) % T
BEL, BFON-AMEIE, LIIBHES, a*x O b*id,
BREHE R, WHTAGEEZRLTND,
2.3 JIL—avb EFERAWEZEE-EAAMBEDOHE

B NNEGH B 723 0BHZ BV 50 mL 20Nz 3% —2 M
WTRMRL, 3,000 rpm T 5 43l DA BEL 72, 1200 B
Uiz BEZ 53R SHZED, ~F 60 mL Z/1x C 543
MR ED Uz, oL 7D K8 (I AR) Z TR RRCAIEL,
AIRIZ Blue cotton 1.0 g 2 A41C 30 77 [ #EL T Blue
cotton [T BERBNAWE 2WAEIET-, % Blue
cotton ZIVHIL, EFLEREER 2 [AIDIKLT=, 2 B30
Blue cotton & MilliQ /K CEL YL 7%, A% /—/1:25%
TUE=T K= 49:1 50 mL ZMZ T 30 /3L, Blue
cotton (T L= A BB N AME 2R IRH ST T2,
BBOINIZAR ) — )V T =T KRR A AR E L, D
B0 DMSO [ZIAfiEL Com— ARRERAFEI L, F7-, 2
H ) — VTR C, HCAs IlE B L2,
2.4 I—LRARER

AR I CEVERAR 100 uL ZHY, 37°CTC 30 43 RiA
FaX—hkL7%, S9mix 500 pL, &5 I Salmonella
typhimurium FRETE 100 uL 2%, 37°CC 20 43 filA
Foa_X—NLTz, YT =2 mLE M TRE L%, i
INT T — ZEE RS R REL , 100N —1 DA
o, BBy — L ARE L C37°C, 48 BEfiIEE LT, &
D%, FHH LT His" (EATF VU IEELRME) IR A Ban=
—HAEFHWIUT, £, EMERTRREL T DMSO % Hv e,
725, R—BEICHOWT 3 T L — L, 20
BIEAEFHL, BIESIRO 2 fFL Eoan=—EFL
TWebDZ L HE LT,
2. 5 LC/MS/MS #fL =z HCAs D BIE

HCAs @ LC/MS/MS JIEIXLL F D@77, (BT
i L-column2 ODS ({bZ2¥ B AFAmAT JEAEAE, 2 pm,
75%2.1 mm,i.d.), BT LEE :40°C, Fik:0.2 mL/min, 7



AN 10 L, BEE A7 ER=F/L:30 mM FEET
F=Uh=1:1, A4 1t :ESI(positive mode), F7-, &
HEMBWED m/z 2L TIRT, (b~
169.000—115.000 , MelQx : 214.100—199.200 , IQ :
199.100—184.200, PhIP : 225.100—210.100 , Trp-p-2 :
198.100—181.200, MelQ : 213.200—198.200, MeAaC :
198.100—181.200, /~/L<>:182.900—115.200)
2.6 GEs RU 3-MCPDEs MRIE R D
FIMEGRBLL 7= 50k 2, %Y —2 VTl fEL, il
JEE CBURE ST, WU L7 BBk a, U R 2 VT
HERL, SO A - B CE LR =F L
OB, -80°C THRAFLTZ, kM M A IRk
A, Vo7 AL — AR O A TR A, flHE O
EEDSY =T VT —T )% 70~80 mL ATz, i
EMHE RERESE, v =y be—X—Z T, 8 R
HHE4T -7, BN o F Lo —T L R R 4
KLl D A THK LT, =2 —T /SR — 2 —
TRIERGEEIT T2, Yo F Lo —T Va2 E %, 55
AT MR A —80°C TIRIFLTZ,
2. 7 ERMmEEIZKSD GEs BT 3-MCPDEs M f53!
HFIEIUEE 1.0 g 207 AL — I —ICHY), #ED -7
FNAF =T )L HERTTF L (4:1, vol) IRGEEHIZ NN
ZCE IR LT, WiRRE E 7 — Y > ¥ (Water,
Sep-Pak Vac RC C18 cartridge) - fii HHELATIZ A /— /L 4
mL Z@BLT, arTaamr 7 wiTo7, L3k
TRIR 1 mL A WA FE AR D — R @i S, A
AR | T IR A BRI U Tz, I — N PR AZ ) — /LT 3
ERHL, IWHI LT A% ) — VBRI IR T2, &%
TR R A B R/ =V L TR A AR BT, B2
W~ B =T L (955, vol) IRATAIR & INZ 72
%, AT 7 AIF P — TR L CURL 7=, JIEAH E 4
filiH{ 7 — kU2 (Sep-Pak Vac RC Silica cartridge 500 mg)
Z, A BRI AT R =L (95:5,vol) IR G IR
TarFa=y T E{Toln, ~FY BT VIR
g, NEMEEF D — Ny U mim s, W HRE
W7 ARBRE TR T2, FT2, BEWD AS>TWH T
AFRERE 2~ FEE T L (9535, vol) IREBATR T
BeWZ AT R, YeiRZE I — Ry VICiEimSw T, ik
EHDET, WHIREER UL, IBE AR LS
Wiz, BEWDANST T TARBRE AR ) — )V :2-T' 1

X=(1:1, vODIRETRIRAINA T2 RIVT o7 A%
— CIRIRLI %, TR A 3047 BE (3,000 rpm, 10 43) L,
FIEEHEREIE LT, HERFET-20°C TEYEIRTEL,
LC-MS & O LC-MS/MS #I &kt Lz,
2.8 GEs OAIE

GEs (LC/MS) I EI1X LA F D EIZ T o7z, (T A
L-column ODS, 5 um, 150x4.6 mm,i.d.), 7 A{EJE :
40°C, yiif:1 mL/min, £ A&:20 uL, A4 1{t: APCI
(positive mode) , FHENFA: A: A¥ /) — /L Bl = 92:8,
B:2-7 )=, IV A (%) 0 4y (100%)
—20 47 (0%) —30 47 (100%) —60 57 (100%) ), F7, £
EXRWED m/z BEL IR T, (U R—rUL
F U ATV :313.354, VUV R— VAT TV BRT AT
JV:341.450, 7V R — AL AL T AT L :339.407, 7
VI R—NY )= )VEET AT )L :337.363, VUL R—LU /L
BT AT 1 :335.385),
2. 9 LC/MS/MS ZFiL /= 3-MCPDEs D EI%E

3-MCPDEs (LC/MS/MS) Il iEIXLL T D@0 IZAT o7,
(72 :L-column2 ODS, 2 um, 75%x2.1 mm,i.d.), 772
JELFE 140°C, #iiH:0.2 mL/min, YEA&:10 pL, /4 A1k:
ESI (positive mode), BEIfH: A: A% /—/L:3 mM HEEE
TUE=TA=98:2), VTV A (%) 04 (100%)
—5 43 (100%) —20 43 (35%) —30 47 (0%) —40 57 (0%)
—45 43 (100%) —60 43 (100%) ), E£7=, FHIE R EWE
D m/z &L FIZRT, 3-MCPD 7SARF LRV T AT
J1:604.500—331.200, 3-MCPD AT 7V YT AT )L
660.500—359.300, 3-MCPD # L A VY = AT )L ¢
656.500—357.300, 3-MCPD V) / — /LY = A5 )L :
652.500—355.200, 3-MCPD VU /L VY T AT )L :
648.500—353.200,

3. IRHER
3.1 BIEZHMLTMEALI-ZTANEE

INBGHERL 72/ 3T 4 DA A FEFHTHIEL, 05k
H.% Table 1 (R U7=, MilliQ KAWL THIEAL 7-45-4
WRT oD EEE, BRI CONBGRELL -5 W<
TADEEE T HE, EAR T LMELX O A AEL
R WHEDSEIN T MR DT, £, KoodEx
2T HIETLY, MEDFERSNDZEND, BEAMEL
RABZEDRIBRENT-, BT, BIEARINTHZEICLIY,



Table 1. Effect of NaCl on the color parameters (Lightness (L*), redness (a*), yellowness (b*), and Whitness (W*) of

cooked meats.

Meat Condition L* a* b* W*
Water10 mL 27.94+2.70° 11.85+8.26 8.15+2.99* 26.07+1.95
Saline10 mL ab ab a a

(NaCl 2.5%) 31.3543.46 6.00+2.48 8.76+1.31 30.49+3 .42
Salinel0 mL 30.87+3.40°  3.44+4.05° 9.38+1.39® 30.04+3.27%

Bear  (NaCl5%)

Water 20 mL 31.37+4.83%® 3.57+2.64° 12.65+2.83° 30.02+4.59°
Saline 20 mL ab ab ab ab
(NaCl 5%) 36.60+3.84 6.68+4.26 9.87+1.90 35.34+3.54
Saline 20 mL b b b b
(NaCl 10%) 42.70+15.11 3.46+1.67 10.06+0.82 41.60+14.66
Water10 mL 25.25+4.42°  13.32+18.92°  10.02+£5.11% 21.55+7.55%
Saline10 mL ab a ab ab
(NaCl 2.5%) 33.38+8.60 7.44+5.63 9.02+4.02 32.1249.05
Salinel0 mL 37.68+3.48°  11.59+4.32°  14.4743.94° 34744297

Pork (NaCl 5%)

Water 20 mL ~ 28.30+4.17*°  12.13+16.46 8.19+3.61° 25.26+4.86

Saline 20 mL be a ab ab
(NaCl 5%) 35.41+3.99 4.74+2 .81 11.46+2.48 34.17+3.83

Saline 20 mL d a b b
(NaCl 10%) 48.56+4.83 4.65+1.89 15.30+3.47 45.99+5.15

Water10 mL 43.14+4.93 13.79+7.77* 19.40+2.96 37.88+4.86°

Saline10 mL a a a a
(NaCl .5%) 46.95+4.50 7.69+3.00 23.86+3.90 41.10+3.62

Salinel0 mL 51.47+5.82°  14.39+5.86° 19.44+8.22° 45.02+5.98°

. (NaCl 5%)
Chicken

Water 20 mL ~ 48.23+10.52°  14.14+10.69°  14.00+8.45° 42.77+7.59*

Saline 20 mL a a a a
(NaCl 5%) 52.15+3.74 10.20+7.03 21.70+7.35 45.75+4.88

Saline20mL o 00 7700 77047370 21.1146.64°  46.95+7.79°

(NaCl 10%)

a* X~ AT A0 (FR—Fk M), bHEIX, 7T AT
(F—3) T2 DN AT, BLEDOFERIY, &
PHZIRINL 7= B BN 2 <72 B 12 L7203, INEAGH B4
DEROEIT OAERBIMHISNDZET, LMEL T W*
EREENINFHZENHALNT /2T,
3.2 BIEZAHAMLTMEBREL-FTAOEER M
BRAZTINUI A S A OZE R E% Table 2 [ZRLTZ,
N 74787 4T, MilliQ 7k%, 10 mL Z¥RINL T
BN 723 F 4 DD =2 = — % (Water 10 mL :
375+103.7) LA&MEKE 10 mL RINL7Z 3T 4O iD=

=—% (Saline 10mL (2.5%) :296+37.8, Saline 10 mL
(5.0%) :319£19.0) & Lk L= L2 A, an=—%i\ L
720 MilliQ /K% 20 mL Z¥RINL 72 37 ¢ DEE D an=—
£ (Water 20mL :253+38.4) S &HI/K% 20 mL #iSIIL7-5%
ooz =—%% (Saline 20 mL (5.0%) :213+73.9, Saline 20
mL (10%) :227+43.3) Z LR L 7= L2 A, anm=—3h
DUT, MMEALT-IRA 7 ClE, MilliQ 7K 10 mL Z %R0
L CHIEVL 7=/ s DD o = —% (Water 10 mL:
730.0£91.7) LK% 10 mL HAINILTZ/ ST 1 OF; o=
7=—%% (Saline 10 mL (2.5%) :661.0+68.1, Saline 10 mL



Table 2. Effect of NaCl on the mutagenicity of cooked meats

Condition Beaf Pork Chicken
Water10 mL 375.0 + 103.7° 730.0 + 91.7° 623.0 £ 79.9°
Sa(‘g;ecllo s | 296.0 +37.8" 661.0=68.1° 3180+ 187.2°
S?;I;%IIOS% 319.0 + 19.0° 632.0 % 80.1° 314.0 £ 10.1°
Water 20 mL 253.0 +38.4° 578.0 % 138.6™ 543.0 = 38.7°
Sa(lg;%%(;;;)L 213.0 £ 73.9% 479.0 + 48.9% 463.0 = 56.7°
Saline 20 mL 227.0 + 433 390.0 = 47.6° 327.0+25.0°

(NaCl 10%)

No.of TA98 (+S9mix) revertants/50g cooked meat

Cooked meat samples were tested with the Ames test using Salmonella typhimurium strains TA98 in presence of S9 mix.

Data are presented as Means+SD. (n=3). **Values within each column with different superscripts are significantly different

(p<0.05).

(5.0%) :632.0+80.10) & LLEZ L7225, = —4H3 ik
DUT, MilliQ 7K% 20 mL iU 7/ 37 s D HiDan=
—%% (Water 20 mL:578.0£138.6) L&t /K% 20 mL %N
L=k =—% (Saline 20 mL (5.0%) :479.0+48.9,
Saline 20 mL (10%) :390.0+47.6) Z ik L7-&25, on=
—HDA LT, BT/ ST 4 ClE, MilliQ K%
10 mL N TIMEAL 72737 ¢ DRG0 = — % (Water
10 mL:623.0+£79.9) L &HE/KZ 10 mL iRIML7= 37 ¢ DE:
Hozam=—%§ (Saline 10 mL (2.5%) :318.0+187.2, Saline
10 mL (5.0%) :314.010.1) Z R L 72L 24, an=—%%
DN LTz, MilliQ 7K % 20 mL FRINL 72/ 37 D oD =
o =—%% (Water 20 mL:543.0+38.7) & & /K% 20 mL ¥
L 7z 85 # o> = m = — % (Saline 20 mL (5.0%) :
463.0+£56.7, Saline 20 mL (10%) :327.0£25.0) & iz L 7=
LZA, an=—H LT,
3. 3 BIRZARMLTMEGRELI-FBAFOD HCAs £
BIEZIRMU CHAKFAERLI-A SR T4 8 Fi
@ HCA %, LC-MSMS %MW THIEL, Ok R%
Table 3 |Z/RL7-, MilliQ KEUSHIIL TIIEAL7=2F A, K
W, BT 4128\ T, Norharman, MelQx, 1Q, PhIP,
Trp-P-2, MelQ, /L~ DERRBHERS N, 728, Z
U5 HCAs D¢, Norharman 733 A D IEGRERIZ LD,
AL WIERNRIBI N, T, FHRIZBWT,

MilliQ /KDOUSHIEAS 10 mL & 20 mL T L7-:2 A, =
AUHD HCAs DAL, IRINEDS 20 mL OGA TN
T, RSN DZ LRGN oT,

MilliQ KEVHIIL TMEAL =5 W ST 1 &, Btk %E
10 mL #HIIL TIEAL 7235« (Saline 10 mL (2.5%),
Saline 10 mL (5.0%) ), /- &K% 20 mL #ANL THNEL
L7237 ¢ ((Saline 20 mL (5.0%), Saline 20 mL (10%))
IZBWVT, HCAs FAD AR EA IR L2 A, W hd
HCAs [ZBWTHIBAD T DA b, 705, &N
ST CERL TNEAL 72 E W HIZB VT, MeAaC 1
BHRR LT Chotz, UL EDORERLY, ERICRIES
WL CTNBGHET 5L, HCAs BT 52 EAVRIE
S,

3. 4 BIEZHAMLUTMERELI-FAFD GEs £

BIEEZTINLCHAKFHERL 7K B AT 4D GEs
%, LC-MS/MS ZHWTHIEL, ZD#E % Table 4 1271
L7, MilliQ KZEWHIIL TIEAL7=24F A, KW, IR/ ST
LZBWT, 5 FEEHD GEs O T, A7 TV, LA
B2, V) —VBE, 7T VRO ERD RS Iz, LDl
VIV ABED I, RRIZIB W TR TSNz, KB RICHB
T, GEs ORI LIZEZA, FRDMUOZRIZ L,
GEs &23%0 72, MilliQ /KZEWMUL THIELL 7=+5 /X
Tak, /K% 10 mL FRINL CTHIEAL 72,37 1 (Saline 10



Table 3. Effect of NaCl on the formation of HCAs in cooked meat

i Concentration (ng/g meat) (Concent ratio:%)
Meat Condition Total Norharman MelQx 1Q PhIP Trp-p-2 MelQ MeAoC Harman

Water 10 mL 364148 2.841.3 0.10£0.04"  0.10£0.02"  0.33x0.00"  0.01+0.06a  0.13+0.06a ND. 0.10+£0.03a

(76.9) (2.8) (3.0) (10.4) 0.4) (3.8) (2.9)
Saline10 mL 5 440.25% 2.04£0.23®  0.12£0.02°  0.08+0.04*  0.10+0.01° ND. 0.06+0.03b ND. 0.10+£0.052

(NaCl 2.5%) (81.2) (4.9) (3.3) (4.2) (2.6) (3.6)
Saline 10 mL 561 4" 1.2+1.4° 0.04+£0.01°  0.03£0.01®  0.09+0.03" ND. 0.07+0.02b ND. 0.09+0.02a

Beaf (NaCl 5%) (65.8) (4.3) (3.0) (10.2) (7.9) (8.3)
Water 20mL 434061 3.5+0.60°  0.1240.02°  0.10£0.00°  0.30£0.03"  0.02£0.02a  0.110.03a ND. 0.11£0.02a

(81.9) (2.9) 2.3) (7.2) 0.0) 2.7) (2.6)
Salinel0 mL 5 7410% 2.34£0.88"°  0.08+£0.04  0.07+0.04  0.11x0.02° ND. 0.06+0.02ab ND. 0.09+0.02a

(NaCl 5%) (84.2) 2.7) (2.4) (4.4) (3.0) (3.4)
Saline 20 mL 0.4040.37 0.25£0.29°  0.02+0.01°  0.03£0.02°  0.03£0.03" ND. 0.03+0.00b ND. 0.03+0.02b

(NaCl 10%) (47.3) (6.0) (12.4) (8.4) (17.3) (7.4)
Water 10 mL 10.344.0° 8.1£3.7 0.39+0.14"  031x0.07°  0.74+0.08"  0.04£0.03*  0.13£0.06" ND. 0.24+0.05°

(77.9) (3.9) (3.4) (7.6) 0.3) (4.4) (2.5)
Saline10 mL 12436 3.5+3.0° 0.10£0.08°  0.11£0.09°  0.10£0.09°  0.03+0.03*  0.12+0.09° D, 0.24+0.20°

(NaCl 2.5%) (59.1) (6.1 (1.7) (4.6) (0.5) (14.7) (7.2)
Saline 10 mL 9240.70° 1.4£0.58°  0.12+¢0.01°  0.13£0.01°  0.32+0.04° ND. 0.06+0.03" ND. 0.10+0.04°

Pork (NaCl 5%) (61.3) (6.1 (64) (15.6) 26) (4.5)
Water 20mL 2407 3.840.64°  0.204£0.01°  0.20£0.02*°  0.56£0.03*  0.03£0.01*  0.11+0.03" . 0.16+0.02°

(72.5) (3.9) (3.9) (11.0) 0.5) 2.7) (3.0)
Saline10 mL 524075 1.5£0.65°  0.13+£0.03°  0.12£0.01°  0.1120.01>  0.02£0.01*  0.17+0.05" ND. 0.15+0.05°

(NaCl 5%) (65.8) (6.0) (5.9) (5.7) (1.0) (8.4) (7.3)
Saline 20 mL 9 440 44" 17039  0.12£0.01°  0.12+0.04°  0.22+0.03" ND. 0.060.02" ND. 0.10£0.03"

(NaCl 10%) (70.6) (5.3) (5.3) 9.6) (3.0) (4.3)
Water 10 mL 6.342.0° 42417 0.35+0.09"  0.19£0.04  1.17+0.18"  0.02£0.01°  0.44:0.09" . 0.17+0.05°

(64.9) (5.7) (3.1) (19.2) (0.3) (4.4) 2.7)
Saline10 mL 3.440.62" 2.140.66™  0.21+£0.04°  0.10£0.09  0.68+0.04°  0.01£0.01*  0.13£0.02° . 0.14+0.03°

(NaCl 2.5%) (60.7) 6.1 (3.1) (20.5) 0.2) (6.0) (4.0)
Saline 10 mL 1941 6" 3.5+3.0° 0.10£0.07°  0.0740.04®®  0.21+£0.17°  0.03£0.02°  0.10+0.07° ND. 0.14+0.10°

Chicken (NaCl 5%) (59.1) (6.8) (6.1) (11.0) (4.0) (10.0) 10.7)
Water 20mL 5741L1" 3.5£0.81°  0.3240.05°  0.24£0.01° 1234024  0.01£0.01°  0.28+0.09" ND. 0.160.04*

(60.3) (5.7) 4.3) (21.5) 0.1) (5.3) (2.8)
Saline10 mL 823" 1.1£1.3% 0.10£0.13°  0.08+0.10®  0.27+0.36*  0.02+0.03*  0.13+0.17* . 0.14+0.20°

(NaCl 5%) (41.7) (4.6) (3.0) (10.1) (30.6) (4.9) (5.2)
Saline 20 mL 504037 0.97+0.17  0.15£0.04  0.12+0.03®  0.51%0.11° ND. 0.12+0.01° ND. 0.060.03"

(NaCl 10%) (49.8) 8.1 (6.0) (25.9) (5.0) (3.1)

Each value represents the mean + SD for duplicate analyses of three replications. Means in columns with different letters

are signicantly different from meat without NaCl (Water 10mL) at P<0.05.
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Table 4. Effect of NaCl on the formation of GEs in cooked meat

Concentration (ng/g meat) (Concent ratio: %)
Meat Condition
Total Stearic acid Oleic acid Linoleic acid Linolenic acid Palmitic acid
80.8+86.5" 71.5+68.5° 3.1£2.92° 75.9+78.8°
Water 10 mL 231.3+236.0° N.D.
(23.6) (20.9) (33.4) (22.1)
Saline10 mL 34.2+12.3° 58.1+30.2° 61.6+19.6°
153.9+61.7° N.D. N.D.
(NaCl 2.5%) (22.2) (37.8) (40.0)
Saline 10 mL 26.7+9.8" 36.0+21.0° 52.4+17.9%
115.0+47.7° N.D. N.D.
Beaf (NaCl 5%) (23.2) (31.3) (45.5)
. 37.1£22.0° 40.6+27.4° N.D. 56.1+32.7%
Water 20mL 133.9+81.6 N.D.
(25.9) (36.3) (33.4) (37.8)
i 27.7£17.1 38.9423.5° 40.4+24.6"
Saline10 L 107.0465.0° 7.7x17.1a o N.D. N.D.
(NaCl 5% (27.7) (30.6) (41.9)
Saline 20 mL 20,5622, 7" 22.8+0.81° 27.7430.5% ND ND 30.0+£7.6°
(NaCl 10%) T (28.3) (34.4) o o (37.2)
Water 10 mL 141.1£99.0° 24.4+11.3° 64.3+44.2° ND ND 52.3+43.7°
T m . . D, D
ae (17.3) (45.6) (37.1)
Saline10 mL 546505 9.6+1.7b 20.6+4.0° 6.9+7.0° 0.38+0.66 24.4+4.3°
6%9.
(NaCl 2.5%) (17.6) (37.7) (10.5) (0.58) (44.8)
i 10.7+9.6° 15.6+14.5 19.8+17.6"
Saline 10 mL 46.1+41.6° N.D. N.D.
Pork (NaCl 5%) (23.3) (33.8) (43.0)
or]}
Water 20mL 66.1459.1° 13.3+11.8° 22.6+22.0° 6.9+7.0° 0.38+0.66 22.8+18.1°
ater . .
(20.2) (34.2) (10.5) (0.58) (34.6)
i 349.5° 2+11.7° T+4.2° 0+13.4°
Saline10 mL 53.9437.5" 10.3+9.5 18.2+11.7 4.7+4.2 D, 20.0+13.4
(NaCl 5% (19.5) (34.2) (8.8) (37.5)
. 1.943.3° 12.0+7.6" 15.142.5°
Saline 20 mL 29.0+7.2° N.D. N.D.
(NaCl 10%) (6.5) (41.4) (52.1)
Water 10 mL 66,5947 9.6+1.0° 25.2+16.3" 11.6+5.2° D 20.1+4.1°
ater . . D.
(14.4) (37.8) (17.4) (30.2)
Saline10 mL 23.4+6.4° 8.3+1.4° 19.4+7.0°
51.1x14.8° N.D. N.D.
(NaCl 2.5%) (45.7) (16.2) (38.0
: 0£11.9° 6+6.2° S5%5.2°
Saline 10 mL 44,1423 2% ND. 21.0£11.9 8.6+6.2 ND. 14.5+5.2
Chick (NaCl 5%) (37.9) (17.5) (30.2)
1cKen P P
Water 20mL 61.9417.9° 10.3+2.5° 24.4£6.0° 10.3+3.5° N.D. 16.9+7.3
ater . .
(16.6) (39.4) (16.7) (27.3)
. 4 ab + a + a + a
Saline10 mL 51.043.0° 3.746.4 25.5+15.3 7.945.2 ND. 13.949.0
(NaCl 5% (7.2) (50.0) (15.5) (27.3)
i 13.8+1.1° 242.8° 14.4+2.2%
Saline 20 mL 28.2+24.4° N.D. 38 7228 N.D.
(NaCl 10%) (39.0) (20.4) (40.7)

Each value represents the mean + SD for duplicate analyses of three replications. Means in columns with different letters are signicantly

different from meat without NaCl (Water 10 mL) at P<0.05.
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Table 5. Effect of NaCl on the formation of 3-MCPDEs in cooked meat

Concentration (ng/g meat) (Concent ratio:%)
Meat Condition
Total Stearic acid Oleic acid Linoleic acid Linolenic acid Palmitic acid
R 2.4+0.89° 11.6+4.1° 2.9+0.33° 2.6+0.86°
Water 10 mL 19.5+4.2 N.D.
(12.3) (59.1) (15.5) (13.2)
. 542, a 1+ . ab 1+0. a 942, a
Saline10 mL 37 547 2 4.5£2.1 24.1+10.8 3.1+£0.40 ND. 5.9+2.4
(NaCl 2.5%) (11.9) (63.6) (8.9) (15.6)
i 2.243.0° 23.3431.9% 1£25.5° 3£10.4°
Saline 10 mL 08.9452 3 3.0 3.3+£31.9 63 5.5 ND. 10.3+10.4
(NaCl 5%) (0.94) (10.0) (63.8) (4.4)
Beaf a a a a
3.1+1.3 13.245.7 2.8+0.89 2.9+1.3
Water 20mL 22.0+5.4° N.D.
ater 2 (14.0) (59.8) (13.3) (12.9)
i +2.0° -+ ? +1.5% +2.3%
Salinel0 mL 24.2410.6° 2.8+2.0 15.0£12.9 2.4+1.5 ND. 3.9+2.3
(NaCl 5% (12.1) (59.3) (10.7) (17.9)
Saline 20 mL . 1.0£0.81° 37.7+30.5% 24.4+12.1° 11.3£10.0°
. 74.5+26.7 N.D.
(NaCl 10%) (1.4) (50.6) (32.8) (15.2)
26.7+13.9° 5.1+£2.8"
Water 10 mL 31.8+£16.5% N.D. N.D. N.D.
(84.0) (16.0)
i 2.5+£2.4° 41.7+28.0° 39.0+8.5° 8.245.7°
Salinel0 mL 91.3£30.3 N.D.
(NaCl 2.5%) (3.7) (41.2) (472) (8.0)
i 2.243.0° 23.3+31.9* 196.5+99.1° 3+11.1°
Saline 10 mL 232.24130.6° 9 9 ND. 9.3£11.1
Pork (NaCl 5%) (0.94) (8.2) (87.5) (3.2)
Or
. 29.0+11.4* 4.6£1.8°
Water 20mL 33.6+10.9 N.D. N.D. N.D.
(85.0) (15.0)
i 94.5+61.1° 17.8+8.8a
Salinel0 mL 112.3467.1° N.D. N.D. N.D.
(NaCl 5%) (84.2) (17.9)
Saline 20 mL b 0.41+0.38% 34.7£26.7° 227.7+39.3° 11.0£7.6°
273.7£71.9 N.D.
(NaCl 10%) (0.15) (11.6) (84.5) (3.7)
Water 10 mL 67.52013.4° 2.2+0.61° 43.3+13.6° 10.9+1.9° ND 11.1£2.8°
ater m . B D,
(3.3) (64.2) (16.1) (16.5)
. + a + a + ab
Salinel0 mL 813424 §° N.D. 51.7+£36.3 9.7+6.2 ND. 19.9£14.0
(NaCl 2.5%) (0.11) (63.6) (12.0) (24.4)
3 + ab - . a 6+ . b 445, a
Saline 10 mL 1231245 4° 0.13+0.03 40.0+11.6 66.6£19.2 ND. 16.4+5.5
_ (NaCl 5%) (0.11) (32.5) (54.1) (13.3)
Chicken oy " " "
a 1.37+0.16 25.5£5.3 6.4+0.58 5.6+0.47
Water 20mL 38.9+7.9 N.D.
(3.5) (65.6) (16.5) (14.4)
i N.D. 47.0+£21.9* 8.9+3.5° 13.34+2.5°
Salinel0 mL 69.2425.8" N.D.
(NaCl 5% (0.14) (67.9) (12.8) (19.3)
line 20 mL 0.1420.12% 47.8+49.7 37.9£19.2% 16.6£18.0°
Saline 20 m 102.4+47.2" N.D.
(NaCl 10%) (0.14) (46.7) (37.0) (16.2)

Each value represents the mean + SD for duplicate analyses of three replications. Means in columns with different letters are

signicantly different from meat without NaCl (Water 10 mL) at P<0.05.
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Inhibitory Effects of Sodium Chloride on the Formation of

Mutagens/Carcinogens and Expression of Genotoxicity during Cooking of Meat
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Summary

This study was aimed at examining the effect of sodium chloride on the formation of toxic substances
mutagens/carcinogens, such as heterocyclic amines (HCAs), glycidol fatty acid esters (GEs) and
3-monochloropropanediol fatty acid esters (3-MCPDEs) in cooked meat.

Sodium chloride was added to each meat (beef, pork and chicken) to be a final concentration of 2, 5 and 10%
before forming meat patties. Each meat patty containing sodium chloride was heated for 6 minutes (each side for
3 minutes) by gas cooking. The lightness (L*), redness (a*), yellowness (b*) and whiteness (W*) of each cooked
meat was measured by the color difference meter. Formed mutagens in cooked meat samples were extracted
using a blue cotton-adsorption method. Mutagenicity of extracted samples was evaluated using the Ames test
(TA 98, +S9 mix). The concentration of HCAs, such as Norharmann, MelQx, IQ, PhIP, Trp-P-2, MelQ, MeAaC,
Harman, in the cooked-meat extracts was determined using LC-MS / MS. After similarly cooked meat samples
were lyophilized, lipids were extracted from samples by Soxhlet extraction with diethyl ether. The diethyl ether
solution was evaporated to obtain lipids. Lipid samples were purified using a solid phase column. The
concentration of 6 types of GEs and 6 types of 3-MCPDE:s in the lipid samples were measured by LC-MS/MS.

The L* and W* of each cooked meat was decreased by the addition of sodium chloride. The addition of
sodium chloride to meats reduced the mutagenicity of cooked samples. The concentrations of each HCA in
cooked meats were decreased by the addition of sodium chloride. This is because the denaturation of protein and
the water retention capacity in meat increased with the addition of sodium chloride. The concentration of GEs
was decreased in cooked-meats with the addition of sodium chloride. However, the concentrations of 3-MCPDEs
in cooked meats were increased. It is suggested that the formation of GEs and 3-MCPDEs was affected by the
amount of lipids and water in the meat. GEs and 3-MCPDEs were generated from the same product
intermediates from lipids. Therefore, it was suggested that the addition of sodium chloride tended to produce
3-MCPDEs rather than GEs. These results showed that the addition of salt to meat may inhibit the formation of

mutagens in cooked meats.



