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ABSTRACT : 3-Monochloro-1,2-propanediol (3-MCPD) was analyzed in soy sauce products commercially
available in Korea. A total of 24 samples were collected and 3-MCPD was determined by GC/MS. Sources of 24
samples were classified by manufacturing methods as naturally brewed(NB), acid hydrolyzed (AH) and mixed
(M = NB + AH) soy sauces. 3-MCPD was not detected in NB soy sauce products (< 0.01 ppm, mg/kg) whereas
AH and M soy sauce products showed a wide range of 3-MCPD contamination (0.01~2.038 ppm). The contam-
inated levels of 3-MCPD in soy sauce products were higher than the permissible or tentative permissible level
of 3-MCPD in both European Community (0.02 ppm) and Korea (0.3 ppm). These data suggest that 3-MCPD
levels contaminated in soy sauce products in Korea were shown to be too high and should be reduced to
as low a level technologically feasible to protect Koreans _from the exposure to toxic chemical, 3-MCPD.
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3-Monochloro-1,2-propanediol(3-MCPD)-> 7HHg A=
e NN AREE Ak ool ExEle trigly-
ceride®} Whg3sle] WA= {53 Elo|oh(Velisek 5,
1978). 3-MCPDx FA5A, AASA, A73SA, A3S
AL ope} gt o] - fEiEE BAEA F3el
AME 3-MCPDE 7[EX o2 7158t 7523 W& 2
As] ko 20024 49 5Y V|FECE FHO 47|EA
£ 0.02 mgkg(20 ppb)-2 A} o] HELA= IHE
(dry matter) 40%% E3312L ol HAAF(liquid product)
S 71Esk 9o IE 100%2] 739 0.05 mg/keell
BFs= SeRbo|eH(FAC, 2000; European Commission,
2001; CCFAC, 2002). ol&lst 7|&A& A= A2
i AEH A3 sfFEld Al AoE ARS F
e} . HE 7EAE ] A= A EAE
el AT E S Aol v 8 vellMe
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2002 59 229%E 3-MCPDZE 0.3 ppmoE 74 %
s =+

3-MCPDE FZ W-in| Aol 24 (8 #E 322yl 9
g AR 2k g AA 254 Az A A9 5%
B3 Q) ) el A’ S olvH(Coppola, 1969;
Gunn 5, 1969; Ericsson and Youngdale, 1970; Erickson
and Bennett, 1971; Samojlik and Chang, 1970; Turner,
1971; Lee, 2002). 3-MCPD+= o[n] A 52 B2 A}
|5o] ghom tho|untel Eo] HAS IF o= A}
S571= et 3-MCPDE 443t o] 522 E2iA3 9l
21} alpha-chlorohydrin chlorohydrin® 2 ©] = ot
Hal Aol A7 o FellAl 3-MCPDel] 3} t=3to]
e o, oF A F FAel At A F77) it
Il ot =& AA o= vl M= FAlElaL 9l ot
A g}, g2v; 3-MCPDE ou] 4 W ARE djokst
AT Ryl xEe A S B3 As:o)
71 wekom, 5954 (Stolzenberg and Hine, 1979), L
2|a F el 42174 9 AAEA e o] 27)714] 3-MCPD
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HeMe d FFo AFEIAME 7 Es] EH(Sunahara
%, 1993), 3-MCPD2] gt o] wij-9- i€l 3.
webA] 3-MCPDS] eFdAell #3t FAlE olAle =3t
Hafe] opdel 7 o Zu|R (], HAe 5)9] Awir)
< 58 Jrl BAS T3] FHLT|EXE od TS
2 Ao 71 27| SlE VAR o, TEAHC
Z 3-MCPD9] AF 5 295 vg] & 4 U+ ke
Edlok & wzla Alsdc)h Jke dE 9 dukre
3-MCPD®| 2.gie] @& AR 7HA-E 3ol 7|7} 47
o™ 3-MCPDS] 20| TAIZ} gt S kx7be] F
Z o]FX gic}. ub, o} ] Ul Abe] 73
o] Ak} 4B]7} FF o] R glom] AR £ OF
2710 Am)7t 20% w]ke® wig- o2 ele} st
E oM S BHglel FAI7 H2 9= 7
o] f8ll S4EAQ) 3-MCPDE) L G5FE Fjola] F
d 713 ZHRE sl A 5479 25
g H-5 7 Es}ed gko R Ffo[A]e] 3-MCPD2] 71F3] A
A 9 A "e3t 7| 2ARE AFsiaat g

IL & 3 2y
1. A EXF

el A A= 1L Sl ZHE ARl (acid hydrolyzed,
AH), %Z(naturally brewed, NB) & &3} 71#}H(mixed, M
=AH +NB) & Z3F AFHYUH. 24709 A& F 200
FAHAFeoH | Pl oFAIFIE. EAELT] 2 Bt
7= PET ¥ PEZ} ool gl o] d¥ (27l )= PETZ"R
Helalsieh 247 AR F k2L o, TP 12
7N, 100% AHESIZS N, 7R ) A8 Andy
@A)y s AReloh EMHABE ofFE 8¢
(Yorkpll 2= Zo 313374 (Central Science Laboratory,
CSLpll ¥4 9359+,

A =
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Internal standard®- deuterated 3-MCPD(d5-3-MCPD)E
Ao, o] RFEAE AT FAUAL A B H
7Fste] Ad4E B33} 259 2] 2 A Eed &
diatomaceous earth refill pack(¢ll, ExtrelwtTM)S- 7}3}xL
&3}z, 8¢} diatomaceous earthE glass chromato-
graphy column®.2. ¢]3§A|7| 1 v]FA] 4L 4l 7} ¢
ool 2 EEAS o] 83| F7] 82 A7 (Hamlet,
1998; Crew %, 2001; Crew and Brereton, 2001). 3-MCPD
= doledg 2] o A7 AR FEES A
Z7712 324719, 55 A ZEFEE-2 n-heptafluoro-

butyrlimidazole(HFBI)& AM&3le] 545} 21719 H&
A3t ¥ A]8F gas chromatography/mass spectrometry
(GC/MS)E EA 7,

2|8 A e A 272 ofle} 2o

GC/MSE Varian Star 3400 CX Gas Chromatography,
Varian Saturn Mass Spectrometer W Varian 8200 CX auto-
sampler®. TAE T GC capillary column, DB5SMS 30 m
X 0.25 mm, 0.25 um film thickness =+ equivalent. 4]
ZF71-& Injector/ transfer line temperature 270°C X2 734:
50°C/4, B3 2°C/E- to 902, B = to baking temperature
270°C, 40°ColA 1087} %] Helium carrier, 1 m/A-
Splitless injections of 1 m/, 36 second splitless period=. A1)
% ion monitoring modeell A o}#9] iond EHEIF dhl.

3-MCPD peak= 108<lA 158 Aleld| €& =,
chloropropanol®] ¢]AAe] 2-MCPD% 3-MCPD F~| v}=
gda A 8olA 4% F7]% g} 2-MCPD¢} 3-MCPDE 5
A3} spectrumrS ZETL $J ot miz 453004 o]2o] ¢ir}.
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AlFolA FlE 9l 7P 24 ABE AFHsl 3-
MCPDE &4 FAgt Zal= ol e} Zr)(Table 1). 2470
o] A& F 2000 FHAEINoH] A = o=
AEolgdet. THAIEL] FE7)7-2 2003 24 19Y60A
20041 29 20U7HRE A BA S AAHLS 7)1EE o Fe
frEZIZEe] oF 1~24d A=k vhd S5AIES Uiy
THAIEZE AlFEde] 20019 109 239 <]glex, 3709
A2 BRIFE FE707be] 20059 2% 3¥elA 2006 1
9 179 °lgith. 3-MCPDe| e3hFE oAM=
0.01 ppm ®|Ele]get. e}t FWAlEAME 273
gl SofFell A 3-MCPD7} 0.01 ppm H[5ESZE 25 <]
o} AR A EA kR + AHRSIZA el AME < 0.01
ppmell A 2.038 ppm7HA] AEEFNS. EFTHA AL A
Bl 27 Bl 99 [oA 15 8571] TrElL
™ AbES|] 7Egu]Ee] 90% o]kl A= 37, 80%71 3
7N, 70%7F 470, 20% °13k7t 2R 70% o)de] W&
22t A ] MRS e S HE 70%
AEATt. 100% AHEIZEA | A2l 3-MCPD 295: 3
7+ 0384 ppmo| 2w, E&7FelA 0.55040.681 ppm
FEaA L RFEAA] AEF . SR AM 2] AR
7] E3)gel wlE 3-MCPDY] 29E+E 20% ©|3}
oA} 4 1.086 ppm, 70%A 0.360+0.527 ppm, 80%
olA 0.546+0.746 ppm, 90 ©]dellA] 0.448+0.541 ppm
L7 Abta ke Eu)gel vHEA e gt 23]
g ARl 2o Edhulgo] Al HE 15%e1M 2.038
ppme] F X7} AEEYH FeHoE o Y L



Table 1. 3-MCPD contaminated levels in soy sauce products com-
mercially available in Korea

Product  Product o o 3-MCPD
type number NB%  AH% (mg/kg, ppm)
1 100 0 <0.01
2 ND ND <0.01
=A== 3 ND ND <0.01
4 ND ND <0.01
Average 100 0 <0.01
5 100 0 <0.01
6 100 0 <0.01
NB 7 100 0 <0.01
8 100 0 <0.01
Avrage 100 0 <0.01
9 85 15 2.038
10 80 20 0.133
11 30 70 1.14
12 30 70 0.212
13 30 70 <001 .
M 14 30 70 0.076
15 20 80 0.156
16 20 80 0.079
17 20 80 1.407
x 3L
FiAE 18 10 9 0.28
19 7 93 <0.01
20 1 99 1.053
Average 3025 69.75 0.550
SD 26.28 2628 0.681
AH 21 0 100 0.384
Average 0 100 0.384
22 100 0 <0.01
ST 23 ND ND <0.01
24 ND ND 0.019
Average 0.013
SD 0.005

M : Mixed, NB : Naturally Brewed, AH : Acid Hydrolyzed, ST : Sauce
Type (Sterillized), ND: No Data.

o)) 3-MCPDS] HF HEA= Fig. 13} 2o},
3-MCPD 9] d72#AE S SuelAl Alge L
Qe FAF F IFAEY] 3-MCPDY L94FE B
A3 FEITHE o183 AA SAAA E G2
o 2o M 3-MCPD7F 2% 0.01 ppm BlREeE &
HL k(1) A2 0.019 ppm), AR F EFF A
My ARES] 7Ake] E3halge] SAlglel HT 0537+
0.653 ppme] AEHUS. Y 120 F VHeME
0.01 ppm B)EE Qlg1 21} 1 ppm o] 47i) =l o]
A7 A FllelA 7|EX 2 AT Al 0.3 ppme
ZHehe AFL 2aFE AT BAFCEE, AR,
EFPIAM oF 30%(5/17 AR)E AAF Sl 3AEL
AN Aol 0.02ppmE 71E0E & ) 65%
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Fig. 1. Comparative 3-MCPD levels in soy sauces between foreign
and Korean manufacturers (NB/M/AH).

(1/17AR)%] A|BoAM 7|EXS 233 "ot o2zt
g Alsiar AAEE 7= Y 71E A& A 38.5%
7} 538 71200 84.6%7}F 231A flet. o]v] 3-MCPD
o] oFA A A ¥ FEAE 5 WS A7
A 2 ghs] 5 e} (Jones, 1978; Kalla and Singh, 1981; Hoyt
2. 1994; Jelks £, 2001).

mEbA, F9] 0.3 ppmelehis 7183 A2 dAF S
2 7 anlEpe] g SEhvele] BAE aEE o v
5+ 53] o8 71X sk o feiveke]
71E AAAZE 7852 7184 0.02 ppm Eeo} B EA
AR ANl S AI71EA % 5 gt olE%
87)EX A3 FHE AA L BAAATE FALE
slo] Asljof 31, W Q3lchd 4wz 1E| 3 A F
| 3A Feste] We AF =27t " Foll 71 4 9l

[ed

g BoHAE ARA] 3 FAYSH 0.3 ppmelERe 4
AE Aot ol WE S AAAHE AWsHA St
A, FARAE FR3E] o] FA At AAL FHI) oF
< Aol w29 AFE EA4E Zisiebd 938 9
3 ZE2 9=k 715 0.02 ppm EFEE o B 948}
I B e Fhle Z7be BEsl] A A A
o] wigz|g 7ol

ol 98] el M= product liability act(PLA, #|Z2E
Ayl F 5L L3sh "ot AnA] 9 AR E
A RE AZIARE AL, B, 7%, AREE A)
Fo] Fule 1A7%E A} okl FAIE g &
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s AAE AA et oA, AFPAAd] dEk A2
Helol e} ZFo] St WA 2T o] A}
F gejuAd FA wiEel sHiksled E 2 sAPE A7
A gerhs BAe] g Aol 3ake] Az WA
FA| 9lox FAle] FAldl AFe Pl slvke At
AlS k] AYzle oAl FElRkE A3k AlES]
obdAd EE gl Al AFNER]e] FAsRe ol
22 AFY Ax " %“ﬂﬂi A7) sjoF & Aelct.
AzIAR= AFe] 71X Ex AR A7) o)A
o] HFHLoE AALe] AlFel °Jiﬂ Al FAI7F St
£ Aol &S] FAIY A7) oled AFAAL F B
S A Rele 3313 ke Az AdEEle
A SAEAS AT =83 anjzte] s A
—% WA deishs 7|9A4E A sl of st &) AL

3ol gioh. ARA) QRAIEIAL AMSE 4= Al AlFE
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