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ABSTRACT - Toxicity of 3-MCPD that comes from food manufacture and processing is well-known. Recent
studies reported that 3-MCPD fatty acid ester which is formed by metabolic material was 10~2000 times as much as
3-MCPD in food. This study made analysis method of 3-MCPD fatty acid esters by recent research and laboratory
work, and determined the content of 3-MCPD and 3-MCPD fatty acid esters in sources and meat processing products.
3-MCPD fatty acid esters were analysed by GC/MS, which were hydrolyzed from fatty acid and then transferred 3-
MCPD was extracted and reacted with derivative subject. As a result of analysis method validation, LOD was 5.4ppb,

LOQ was 9.0ppb
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Fig. 1. Bound-MCPD molecula structure.(Di-esters)
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Fig. 2. Formation and reaction process of bound-MCPD in food
processing.

HHAQl GC HHoER 74 7hsditt. HAgdd] lojA
7t EASE o] Bad) SACEE #
AH}E 3 ojH FH2 bound-MCPDLIA FHE A
o] B7}st 3-MCPD 3% E3lA 2% 715380k
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Aol AH83 Aok tEF 2t} 3-MCPD-d5 internal
standarde Cambridge Isotope Laboratories, Inc.olA] -uj
39om, 98% <%, 1 mgmid] TEE wlergd =9 A
gl2] Algolt}h. 3-MCPD EFE2 Aldrich®] 98%, product

No. = 107271, lot No.=02417CE, 500 ml, iso-octane(2,2,4 -

trimethylpentane) Riedel-de HaenAt2] product No. = 32291,
lot No.=80790, 18]¥], tetrahydrofuran Sigma-aldrich<]
product No.= 178810, lot No.=03734AJ, 12]E], methanol
£ Burdick&Jacksonl 99.9%, product No.= AH230-4, lot
No.10071753, 42]¥1, ethylacetate= Burdick&Jackson2] 99.9%,
product No. = AH100-4, lot No. = 10071748, 48J¥], dichloro-
methaneS Burdick&Jackson®] 99.9%, product No. = AH300-
4, lot No. = 10071756, 42]¥], diethyl ether= Burdick&Jackson
9] 99.9%, product No. =107-4, lot No.= 10071649, 42]E],
aluminium oxide activateds> Sigma-Aldrich product No, =
19,996-6, lot No.=U15810-258, 1kg, sodium bicarbonatet>
Sigma®] 99.7~100.3%, product No.=S7277, lot No.637K0089,
1 kg, sodium sulfate anhydrous powderi= Junsei®] 99.0%,
product No. = 8346-1250, lot No.=8F1076, 1kg, Sulfuric
acid= Jusei9] 96.0~98.0%, product No. 83010-3301, 500g,
sodium chlorides Dae Jung®l 99.9%, product = 7548-44, lot
No.=SO0119HI, 1kg, heptadecane2 Sigma-Aldrich®] 99%,
product No. = 128503-25G, lot Ne. =02025DE, phenylboronic
acid= Sigma-Aldrich®] 95%, product No. =P20009-10G, lot
No. = 20301EE, heptafluorobutyric anhydridex> Sigma-Aldrich
9] derivatization grade, product No.=394912-25ML, lot No.
=04012LHE AH-3133t}. SPEE MerckAe] Extrelut NT3,
NT20& AF2-5}53 T} Silicagel Merck ] silica gel 60,
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product No. = 1.07734.1000, lot No. = TA689234 511, 1kg
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2,000, 5,000, 10,000, 20,000, 50,000ppbe] FE= 345}
AT 23} NaHCO, = A9 BisaUyEES &
T Ho Az 2% FAEAS HSO, 2g2
methanol 98 goll o] A =3t

3-MCPD M A|29] Z=H|

Aol A H88 & JuA golrs] Yl ANsE
WP LARE 952 FASAY. ANEY £7 FAE 1kg
g 71FoE ARG OH, 58] e HEoant 1
Yol F-5olakA AFolEL 23, 5713 HE
8 Atode AZ tE AEE 73 A AgE
spi7E Qe FEO &4 2§ AAIT ) dolA A}
&3 QA FollA 715e] EElEHe AaFe ASE
AP s71Ae A3 EEOIN VEH & Fo] F Ao
A & FHel AAYE kTt 1AL A8 B7)9) 1
ME ARRBle] & ZhobA AMgEIRTh 2R e
IAFE AR 23, golglrt Yo, gabtg o
{3l Bz wheEQith ‘

HA AAEE AP, 5M NaClS 713 Heoll A 89
e HIHE il FA7F &2 st SAY AR
H HA AR AAE ] AGAY £ 9 Ut o

ANB9 g Ao g Zo|Au, HEE A3l NaCl &
& |9g AFHSA A87REE A AWgelErt
EWH F& o] A AFH7} o5& BTt e, o]
= HY F& AU, EFS 3l ASAFHE 3%

3-MCPD BM¥

Bound-MCPD #4& #1841 3-MCPD #4J0] A8 5
ofof gt} & AFolx HLE 3-MCPD| #4182 ¢
vate] AEFA WS AT vl Fig 32 #A
AEZA SAE 3-MCPD E4¥& =83} g7lo|t}.

aA 34 YL IA EFE, SPE F&, 55, =4
3l A U F ok AA 5S¢ AFst SM] NaCl
£ 30mlE 3}aL, 1087 AE3] £5] 383 £, F
Zo] HxE 317, 4£C, 4,500pmollA 527 44 2glst
o} AZHL 2ml 3] SPE (solid phase extraction) &
GAZ Zh} SPE FEWAE YolA #HF 2mie] A 89}
YR F SAIE 4g WEEFZEZDR-MCPD-d5)E 713}
o, FFAE o8l FE3 TP ok F 4 EF
g SAIEE oE AP S8, AY AFdde T
& FAMIEFS 1-2cm 7} 7HEC

ABol EA5le ALE AAS] Y8 BA hexane 20 ml
g &85, CHCL 30mliE 2mimin®] £E2 FHAA
3-MCPDE F&%t}h F2dH CHCL £92 35°CoA 7
W3 Hol|, &S0 CHCL | my¥ 38 AHs
o w7t A FE ARTOE A4, 35°ColA FA B
gt} 0] Y3 UH, HFBA (Heptafluoro butyric
acid anhydride) 150ul} iso-octane (2,2,4-trimethylpentane)
1 mliE 718t 60°C, 30%7F ¥hg-& A7l Whe-& AAA
713, "|gk-E HFBAE E3A1717] flalA S/ SmiE
7FtaL 2027 AE3] EE T AXAAA, 4E9 iso-

<
@)

octaneZ < F3td GCMS £4-& 3t}

)
AREON Dt 4
Z FE Pl o Mo WS R ALY Vel '
l #HA 5g #H3t l ALO, 49 +15. et %(357)
! !
eEHy &3 S E R
{25X200mm} DCM 3ml (60°C, 308)
v y
g (108) &AL 20m] Glass Tube® OJE &+ 5mi

Fig. 3. 3-MCPD analysis method in korea food code.
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bound-MCPD Lo 2 3t} 3-MCPDY] 38 7]&9] A&
A Wie s A, =AY dAEe Xaslx, A4
23 NEEHE AAAM 3-MCPDS} bound-MCPDE &
5 el 249 ZAgE vei 9, bound-MCPDS)
T (-X)E AL

7PN A

ZI718AE QA AFFH A8 WP VFoR I
t}. GC= Varian®] CP-3800&, MSD: Varian®] Quadrupole-
MSMS 1200& A8-3F3iTh.

ZA7PL DB-SMS (30m x 0.25 mm 0.25 um)E AH-3151
o FYFY 2AL 25 250°C, splitless modeE 1ul A

£ FYsE. Ion sourced] 25+ 200°C, EIY mode
A4 SIM? scandtd B, FAHAEAL )

Transfer line®] £5% 280°CE $ASSA, %L 1.0ml
min(GEEAA17E 308) B 0.8 mVmin(EAA17 408)08 B
A3t Dwell time=0.1s, collect delay time (solvent
time) =3.0min® & ATy 2= T2 Y2 50°Ce| A
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2578 712 S, AAEA L A% o] ¥E He
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5.377 min

L Bppm)_1214.2008 55143 AM.xms 278.8> Filtered

MCoun&] Sample ID: 811Gppm)

18.377 min

Sampls I0: $11Bppm) ippiey_1214-2000_651-49 AM.xms 294.0> Fittered [5G

25402

[ s‘ seeabon b atanl

i ]
Tre e
77 min

J &

MCounte] Sample 1: 511Gppm) A B5ppm)_12-14-2008_6-51-13 AM.xms 296.0> Fitered
206 0> B

1.89 <

10 :
059 E

ko) e

o B

MCuur;ts- Bsmple I S11Eppm) A¥5pem)_12-14-2008_551-49 AMons 456.0> Fitered B4
1003 456.0> A

77 min

Ji5.

seefensadanschin

5377 min

1150 1475 1500 1525 1650 1575 )
minutes

Fig. 6. Ion Chromatogram of 3-MCPD-dS.
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Fig. 8. Molecula ion of 3-MCPD-HFBA.

Mass interpretation
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o A7]= molecula ion®]th EA3E 502.45°]H, GC/MS
oA o3t 2 ul, ¥ 7HX] 27}oE FAMAA Hed, (1)
), 3) A7t FHAA HAE o 28H o] () F
o] "ol U7rtA] 453 o]0] Hi, Fio]o] ol Ur
717) W Eo Ao o3 3:1 FYLA ¥ L9 o]&ztol %
oAAA €t (2) Fol "ol Uy 275 o]0 HH,
(3) F-Eo] "ol Urbd 289, 291 o]Lo] ¥n, Fiho|L
01 &ZHEM mEof 3:1 o] 1] 7} vhERdT}. 253 o290 7
= (Yo "HojA yrtal, gholo] Hojx JrbA
H -*Mb OlélOlE} WHEEE229) 3-MCPD-d5¢] B%=
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Selel o 4 A
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(1)

Fig. 9. 453 ion.
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ok flellA AFE RAY 289, 2910]L-¢] A M a}A
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£EI Y £20%E J1FE0E ).
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Table 1. Ion ratio of 3-MCPD standard and internal standard(3-
MCPD = 1ppm, LS. = 2ppm)

Ton 3-MCPD Ion 3-MCPD-D5
253 Quan ion 257 Quan ion
275/253 20.1% 2781257 23.2%
289/253 27.1% 294/257 54.4%
291/253 9.0% 296/257 16.8%
453/253 7.8% 456/257 8.5%
25 y = 0.00098585x
R? = 0.97686546
20 :
e
? 10 4
5
0

0 5000 10,000 15,000 20,000 25,000
ppb

Fig. 13. 3-MCPD conentration vs STD/IS area ratio.(2ppb~
20ppm).

7+ 10ppb TRl A BN A AE RAFEY. o3
719 AE8A 2HE VA, 7 ol HERE 3
A7y £7] WEoltt. Ml FFEA L % BHEA
AFA=E Vel 778 BH 10ppboll A 2ppm F7Hl
q A¥Ado] $AEM, R%te] 0999602 AdAlo] <r3lct.
22 BA3tua) ke B3] YT A0 wHEAHo
2 A SAHEXE Yoly] A3 whEA A¥dn
olth. 3 A EF 2 69 injectionS dt) FFTo| WA}
WEEEFEZS HANE 7l 2 AYEZUAE BN
3 Zio] thg9 yoluy AP P E HAT 10ppbell A
2ppm FES] TN 5% wigre] WAE HoFQdo) u
24 HHEAJo] fsitke AL ofvldi

N
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Reproducibility

AL AA s A7, 5o} AlEE M E 24 &
o 3Y3 AAE 4S F I=AE Yolie Aotk FF
£ 5 2, 5, 10, 50, 100, 500, 1000ppbZ 7|F=o 2 A
#Helglon, & Al8T THY F 6379 AAIE AL
Mg gE AgRel A7) e FEFolg) whEy 433
22 At 23 9 3A U AL ¢ & Juk A8
AFE, dloele] XL} HolxHA] 098602 748ttt

Aol 295 BUE 7 T8 AEYL ZYs) 29 o
= 293 2o

10ppb ©13HE] JUEEHAIT 10%E Hoiri, 77
o] Aeje} A o] FFE 7 W] AjRge) A
PR E AREZHAL 10%0)7]H, o 5% 2
Eife 202 Hol, o] 48] APNE Frial B + Ut

AZ3A(LOD, Limit of detection)?} A &4 (LOQ, Limit
of quantitation)®] 7% 3-MCPD #29)] Jojrx BA A

14

y = 0.00057938x
12 R% = 0.99958119

STDIS
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ppb

Fig. 14, 3-MCPD concentration vs STD/IS area ratio.(10ppb-

2ppm).
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Fig. 15. Repeatability of 3-MCPD.
R.S.D.(Relative standard deviation)
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Fig. 16. Reproducibility of 3-MCPD.

Fe Y8 AR S o]R& Srfjola, 47t o] ZAne=
2] Wiz 23] AES) 2 2art ot geeshA A
o] 25kS I LODS}F LOQE F3h= Aol oz} 5
§ ol For Amrt AY *e o] 71FLCE LOD,
LOQE T3lok &2 At} 3-MCPDE A gEA s8] ¢
iA ARBBl= 0122 2530]W, SppbollA 1ppm FHESNA]
SN Hl&& 73S, 873 512827F vidoh. whaba A
o] 253& LOD, LOQ7} %3] ¥& Agtolth 28y
291 o2& R Sppboll A SN H|&o] BA gt wa
A 10ppbe] SN HI&3E A3t A923E Ui
LOD$ LOQE 3ch SN |7} 3 A E LOD, 10 Uu)
£ LOQE HAsGLeH, 717182 A& s A AE
LOD = 5.4ppb, LOQ =9.0ppbe] 32, AR A7} 36} 84
FHER HEHYUYU LOD=54x 3=162ppb, LOQ=
9 x 3 =27ppbolth. Eoldt H& HA WA HE ol AF
(ion count number) 4530]2-0] A2d| % B3}, §/NH)
& 4 o] FA 7P Juhe Aotk I o)fE 453
o] 22] 75 Wajolo] A9 glojA, o]z &lle] 743t
87] iojct A& AHIAE Fa17) A8 3 A
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Table 2. 7] & 583 79} ¥

F= Al°F  LOD(ppb) LOQ(ppb) Ref.
PBA 3 9 4
PBA 3 9 )
HFBI 5 15 ®)
HFBA 5.4 9 24

PBA : Phenylboronic acid, HFBI : Heptafluorobutyry! Imidazole

9] Fxult}, & 1099 717184E &, ¥ ulolele]
HEEA-S Bk, 0.01ppme] sl X e HolEle] AL} v

Ak AL & F e, 53] 2910122 A-¢ SN H]

o] A7} 40%7HA] A e AS & 7 Utk o|HL
81377} 8l 3-MCPDY] 57} Zopx|mA, 44 vt
ol2E¢] ¥ A7 HFoltt. 7IE T
Haged $55Ed A ¢ o, 2 4
HH O 2= 3-MCPD9} DCP (Dichloropropanediol)
Al AxE]l & F s ol Ao

3-MCPD Alg% 9] 8488 85.53%, RS.D.=248%, n=
5, 3-MCPD Al 2H 29 AlEY 3582 82.97%,
RSD=3525%, n=10 ©]Ac}

m o
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i

2
g
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i e
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bound-MCPD Monitering

9ot ol B P S EUE BUEH S dAE
3, ARE ged 22 PR FASNHT

3-MCPD$} bound-MCPD7} A& 5719 #e¢ hlFet
A §7HEES AFE AR £AY T AEY A
o2 7183 NaClt 89] 419X 7hg, 289 A4S
AZ Rtk & 109719 AAE FANL, 214
22F 657, AR7HEES 300 S 7EHeR A5
o, Brgo s 2uARAFE J5F &Fe] Ao WA
AR FAFE 57 FAFAL, FARTHEFLE FAE
F29 57, A88A 27, R 248 AYEY AES
FABA

e} 7ol AE A s 3-MCPD9} bound-MCPD
2UHY 32 2 k-3 Table 3, 49 2t} 3-MCPD
T AazFe A F 6579 HA FAM 6ol AEHAU
om 674 FoA HiE 0.062ppme] L H Fol YL A
< 0276ppme] HEHUL, AF7HFS T 307 FolA
370] AEHAUL AL A& 2L 0.070ppmelA] B2 31
0.255ppm AZEH AT FAETREEL 574 oA 17o] A
592, 0.033ppme] HEHIUTE 2l AR AFo
ME 5AFAAM 370 ASHAL, #Hd 0.075ppmol A
o 0.112ppm 7HA] HEEHAJT AE-FA 71EFA AF
M BAZo|ch 3-MCPDE] A% 1094 Fol4 & 13
Aol AEHALH, AEE°] 11.9%°]th

Bound-MCPDE o} Table 43 7o) 22FH2] 729 65
A FolA 740], FHA 0.072ppmell A Htll 0.298ppm7}A]

32 o
An o re i

d



302 Woo Sung Min, Jae Ho Oh, Young Mi Jang, and Meehye Kim

Table 3. Monitering result of 3-MCPD

Table 5. 3-MCPD vs 3-MCPD fatty esters ratio

NEFEF(AF)  3-MCPD(ppm) AEAF
A2E (65) 0.062-0.276 6
H&7HEE (30) 0.070-0.255 3
FLAEINEE (5) 0.033 1
29 A5 (5) 0.075-0.112 3
AE7F4 (2) EHE 0
A7 @ Bde 0
A (109) 13
Table 4. Monitering result of bound-MCPD
HESH(Z4)  B-MCPD(ppm) A&F
EEF (65) 0.072-0.298 7
A& 7HEE (30) 0.094-0.280 5
FAEIEE (5) B4 0
22 72} F (5) 0.174-0.945 5
A&RA (2) tHE 0
AR @) =HE 0
A (169) 17

AEHJL, HS7FEE 304 FolM 5791, A 0.094ppm
oA FHil 0.280ppm7HA AEHUT E3 2 HAF2
A 5718 AA FolA 570 AEC] HAL, HEBRE
0.174ppmellA 0.945ppm ©IAth UwA] FAEANTE, A
|74, 718} AoA= bound-MCPD7} HEHA &9t

B2 FaRA 7RIS AR ARE EAsks
3-MCPD & free MCPD$} 7281 sl VA BA9
bound-MCPD®] H| & AF38t 3ot BUE S HAAE
o thalA free, bound MCPD7} 25 L& 79q)] ths)A]
free : bound®] H]&-& A4 Ao] Table 59]t).

BE HF oA Haghsth Adigrol ¥ theksiAl
Uee Ag 4 4 2t Divinova®5¢] =FolAE coffee
9} maltel A ZARE S92, 0.5~80 WI7HA ZA U AL
& F Arh BUE#S] 3w o7 E H) free MCPD
o Bl3] bound MCPD7} 108} =LA & AAZF AT}
HE 39 %S HE RE AFE gisiN 2 ghe Bxp
7t wj¢- =}, o] AL HAwlt} free MCPD$} bound MCPD
o] g FE7T vwig g2 AL ougth

2 o
E A7 e AF Z bound-MCPDE &4 317 93l

ArE 233, WEgo] %9 FHOZ 60°C, 4hr 715
33l 25 3.MCPDZ ASAA BNt AFEL 7|

e Heds  Wave  dAgas
AEF 0.96-2.56 1.77 4
eI EE 1.99 1.99 1
20 s 23-1071 7.13 3
A 0.96-10.71 3.81 8

wEigirt. 71€] =i v gg B4AZke] o W
23, "4 JEFH SAE 3-MCPD Algel HEA|
Z Al@yelt.

7R3 M7 3-MCPDEA] 10ppb(ug/ke)-2ppm
(mg/kg), °1H wHEAo] AhEFZHA} 5%, AdA A
EFHE A F7HNA 10%0]H ol ch

71713 ¢l LODE 5.4ppb, LOQ 9.0ppbol™ 35&L 3-
MCPD 85.53%, bound-MCPD 82.97% ©|t}.,
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