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Trends for the management of hazardous substances derived from fatty acids
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Abstract

More than 500 different compounds have been
identified in the cooking process of frying oil as
a result of chemical reactions such as oxidation,
polymerization, hydrolysis and pyrolysis, 3-MCPDe(3-
Monochloropropane -1,2-diol ester) and GE(glycidyl
ester) are also included in these compounds. When
MCPDe and GE derivatives are absorbed into the
body, they are converted into free forms by lipase
enzymes, which turn into 3-MCPD and glycidol(2,3-
These exhibit
genotoxic and carcinogenic effects. As the toxicity
of 3-MCPDe and GE is known worldwide, the
health risk is being researched. However, regulations

epoxy-1-propanol), respectively.

have not been established in countries other than
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the European Union(EU). Several studies for the
analysis of 3-MCPDe and GE are being conducted,
and direct methods and indirect methods are applied.
As a result of analyzing 3-MCPDe and GE contained
in commercially available foods by various analysis
methods, the content of 3-MCPDe in baby food/infant
formula was ND~600 pg/mL and GE was ND~750 pg/
mL. and purified vegetable oils and fats showed <250-
8,430 pg/mL and 1,880-9,530 pg/mL. Thus, 3-MCPDe
and GE were detected in various food types, several
studies for the reduction of 3-MCPDe and GE are being
conducted around the world.

Keywords: fatty acid, 3-MCPDe, GE, analytical
method, management
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P2 Aol letsla] Falgd fofEdse] 4
2|71 ghe},

AJEO] Az, 7HE ol H] A 0 & A EE of
HYolnfol& Wizudl 3—MCPD, HlAl, Fekm S
teiRt fefEE Sl Harwar glom, njgko s Ay
do] Hohal dxjehe 71 717F 2t AR g4l
fong ofof tigk B S AR g2 A
ol @ A5 5510 o] 5ol theh YRt

QLA B} olRojAt ik,

AollAe) A Bl dFaRA ofluA|
3L 93t deFe Aﬂ{ﬂ%% AL 9R57] Qs
o 84, AFo] 5] Svlet 224, 7k, A

o] 7154 & a3t Q%‘a sfal
A7o] A 2e8 9 7HgAlEe

o A= e 2Q3t HX]E ARA|skaL §lom, 2020
 A18-7-2|572] 9 787 84 E o] AYAkeF) oF 1
Z 3399 =i EO}QE‘% HeERHIL QIoh(A)E2]ek
FFEA, 2020).

Al 87419 A 5 2575 ollA] 3—-MCPDe
(3—Monochloropropane—1,2—diol ester)2t GE(glycidyl

oI}, T A8
AR AEA]

ester)2] o] dexHA oo tfgt A7} QA
Aol diall TAS 7HA A H it eluekes 25
St QA = A 48722} o] 5 E35h= 7Hy
AlZo] tigh H2 AEE0] o] Foix|aL glor 7t
sto]] gt 7ol =kl =714l EE 7T 5ol
o|FoJX| 1L 9}, waba] B HojAt= 3-MCPDe2}
GEol| tia) 4712, =4, Bauh zF o] 714
At Sofl sl 74 O}JJP St

3-MCPDe

% GE 38715 & =4

3—MCPD ¥ glycidol-& 4] EH%X‘EH A8t
Alof| ghrE o] Sl o 1 ikg-oHol ofsff 7k
2o 2 o, SeAE 2 Xl% s Oﬂ*ElEQ} Ak
O Hgollx] A== B9 sholthAlEo)okE
QFHA, 2007).

Kalkan 5(2021)¢] ¢17tof wh2d 4k}, 32k, 7F
283 1 R} 7ZHe F5) ureo] Atz 9xE
71 22| 27g oA 50071HA] o2 thE Skl
gelx|9) o, 3—MCPDe @ GEE o] 23t 3}5HE0]]
SESFEITRAL Bpslar Qlef, oAl 3—-MCPDe
9} GEQ] Ao I3 bjx= @ologml %y
7|9, =, AL AE W a9 o, R
o] & S0 AHE Zo| gL Qlal EF] &
o} P4o] geRs a3 9glog slo] thofdt
A7} A ATHGoh 5, 2021). A& TG4
o] Q= AHES. =0 @ oA acylglycerole] HEt

o1 I i

¥ 1, 3-MCPD, 2-MCPD, glycidolo| EX! (AZ & X[giA Q2 QSR 2I5HA 72, 2018)
3-MCPD Glycidol
BN C,HCIO, CHO,
Bl 110.54 mol/g 74.08 mol/g
A _‘?_}\ﬂ 5O oskAl _‘?_}_\111
Ay Aol 9= 549 4ol 1= 9
IR 1.32 g/em’ 111 g/em?®
47 -40C -54¢C
v =% 213¢C 167C
|34 5 3.2 244718 (Methanol, Ethanol, Ethyl Acetate 5)°] & & 52 g 34 8o =5

CEELE

} 2] 393 (2022)



%j]o] 3-MCPDe ¥ GE@} -2 A4k Rl Rl
HAER HEHE 4= 9lrh 3-MCPDe= 22jAlete|=
O] 7hisfioll ofsf A4te] 1707} AdHE mono—
ester?} 2717} AehE di—ester FER7) Q1AL X WAL
o] Zol= Aol whet Fa=5] T XA AH|
27} ahsold £ Qlom, GEQ| A 2,39 At
epoxide 112]& FAJ517] ol XHAke] 170%E 2
&2 mono—ester® T EATHCHA]E Q| OFE A A,
2018).

A= FAY AR 5 EF dAlA T
== GE®} 3-MCPDe= #A7HA|9] 24147t 1
2 A ]of upe} WA} 27 Feprivh(A e ok
PR, 2017). AdPAtol TEH GE= P4 A+

(A)
o)
V4

H,C— O — C

| R
HC

I No
H,C/

21 1, X|ehAE estere| T2X(A) GE, (B) 3-MCPDe

o)
)J\ o
o,
-0
|
H

Oil Palm Fuites

Bruising & Degradation

A7t §lie 2404 ot Z Al E(MAGSs)2t T
oPAZ A E(DAGs) 9] 3ol =5 ¢ 1L A
2] Al AT gl A 9lew(Huang 5, 2021),
3-MCPDe= £~ IAE 7RE /7] daolay
e SRS AAAE A= Aom oY
A QthTiong %, 2021). Kalkan 5(2021)2] A+
o k= MCPDe®} GE -F=Al= Aol S52 4
& alafol] Fao) olaf fe) Fe|2 MBE T o=
77} §0 B4 9 WekETE Uiz 3-MCPD
9 glycidolo] T}, National Toxicology Program
of W= glycidol> F4d 54 AU EUA &
A8 Harglom, o] m} JARCE glycidol
2A BT EA(ATfA e 7FsAdo] Ao E

H,C— O — COR H,C— O— OH

HC—OH HC— O0— COR

H,C—cl H,C—cl

H,C— O — COR,

HC— 0 — COR,

H,C—Cl

Palm Oil
Refinery

Palm Oil Mill

Dilution of Crude Oil
by Sterilizer

Refining and Water
Condensate

Washing of CPO

Oil Palm

Introduction of
Organo Chlorinated Fertillizer

after Harvest
Chlorine

e

72! 2. GEQ| &A47|%t (Tiong S, 2021)

12l 3. TExi|ofl 2Ist 3-MCPDe 444 (Tiong S, 2021)
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3-and 2- MCPD
esters determination

/

3- and 20 MCPD esters
exposure assessment

Infant formulas

~~

Potential health risk

T2l 4, CIokst A S0l M| 3-MCPDe 241 (Cui S, 2021)
Aofskelar
B2 EFE S cH(Shimamura
2021).

SRR a2 A AHEE F2 AR
FA18] FA| Aol A A== L HEZ o) AlE
/\4 0;(]1— ohj]-x%_g 7(]7(4 /\H]E]_Tf_ 7}_1_“ 7\1].1_

Al FAmR AMEEo] W Alo]=, H|AZ], HA| &
L 7], S E7] S4] Ea 7ke s o)E) 9.%]
o AEoA SREZZRE oAHE 29 &

Wit 71 Qo frohg ZAER-el gl A &
A7 BaEgow 8 SEIIIIE o AHE
L 3-MCPDe®} 2-MCPDeo¢|th, 18} SA71A]
2—MCPD % 2—MCPDe?] =4} &3}o] Tt ¢l7=
A9 = AAoltHCui 5, 2021).

23 3-MCPD %3t 1% 2B et
5. 2021; Cul &

3-MCPDe ¥ GEQ| £ #ig}

3—MCPDe 4 GE—E—
(Direct method) %

BAGHe wpomL 27
7w ‘%ﬂ(IndJrect method)

Agasta 4 398 (2022)

< 7R & = AR Ee] dEA ok 74 A
Al = FEd Aol 85 24 O free
MCPDZ2] o AE|23} 2 GC—MS £-4]H (indirect
method) 2 HPLC—MS(direct method)®]] 25t =
& 7IRre = gk 7hy B o] 49 A1E A&
% MCPDe &&F E= MCPDe%} GE] z“ﬂ&% =74

]
1=
Shckal 7Sk 4= olx]u} Nxﬂg o] u}mé 33'% 1
—S_r
H

ELEU]—E:LEHYL]
af oﬂxﬂg&u}E:LﬂM XE‘%—‘%*#‘?.;J(LC—MSH *}
go] o thzZo|aL Hefdt Ao 2 At HA g
IYoll= A GHe] 2R =K SPE F=7H]
ke ®isl o] ARE-EH | GESF MCPDes Aol €+
Q= 4= Ql}, GES] &Y B2 98l AMEEl= '
HE LC-MS 2 ARyH 2ot Teju] A& AR
St} GES 213 42 ARk o AE 2] T 9
2] 9l vjgA4 214 BElo] Be| 9 opdagAMER
HE 284 & GC B LC-MSE esterE Ha|gr
= Atk Aol ok, RS $3F MCPDe?)
E43F AAEH, dubl vPH o2 AR = GE
= free 3-MCPDE W3sl= Aof 7]Z3HCrew
= 2013).

MCPDe ¥ GEQ] 7+ B4 7 29} 7o,
A1 9] Q)= th=9] 7iE MCPDeE Aok o
3} 3—MCPD %= 2-MCPDE H3l3l= o]
o}, AA7HA] MCPDe9] 2415 93l 2 7H4] 714
Hol JjetE|lon, fjFEe 3—MCPDe2)

Holck, 18t EUQ010)9] w2 7H v

o Qe A B A SYO 488 5 )
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H 2, 3-MCPDe %! GEOf LSt 7H% 241 g (Crew 5, 2013)

Instrument Analyte Transesterification (time) Derivatisation agent Reference
. . Divi =(2004), Zelinkova =
LC-MS 3-MCPDe Sulphuric acid/methanol (16 h) PBA ivinova :( (200;) chnkova s
LC-MS 3-MCPDe Sulphuric acid/methanol (16 h) PBA/HFBI Seefelder 5-(2008)

B B B L Hrncirik 5(2011), Ermacora 2}
LC-MS | 3- and 2-MCPDe, GE | Sulphuric acid/methanol (16 h) PBA Hrncirik(2012a, 2012b)
LC-MS 3~ and 2-MCPDe Lipase (24 h) HFBI Hamlet £} Sadd(2004)
LC-MS 3-MCPD and GE Lipase (0.5 h) PBA Miyazaki 5-(2012)

f 3-MCPD
Le-mg | Sumots GEC e and | fethoxide/methanol (5-10 min) PBA DGF(2009)
S f 3-MCPDe and
Lc-ms | MO e © 4 Methoxide/methanol (5-10 min) PBA DGF(2011a)
LC-MS 3-MCPDe Methoxide/methanol (5-10 min) PBA DGF(2009)
LC-MS 3-MCPDe Methoxide/methanol (3—5 min) PBA DGF(2011b)
LC-MS | 3- and 2-MCPDe, GE NaOH/methanol (18 h) PBA Kuhlmann(2011)

3-MCPD % GE9| =Hi¢] 5 &7I&

3-MCPD Y GE®] 3]87|52 =71 4], #3514
Atolof| whet ARG 7|5E0] AFolsitt, GES] - 1+
A&HEuropean Commission Regulation, 2020)2
AjLgh =7kl A ARsl87|eS Adskal A ¢
ow, EUY| A% Ae4 Aol 1 mg/kgS 2t &
L2 5185k Qlal fobd] 9 Ty 2= 7INE AE
°f 0.5 mg/kg®| F== 83kl Urt. 3-MCPD
O] - IU(AFo oFEIA, 2020)0f| 4] ARE-3
g, &gl 0.1 mg/kg olst= &-§stal Q)
o, A4 SRS EHVP)ONA 1.0 mg/kg
olal= 5]-8-akal Qlrt. Y& FHAMI (20100 7t
e A & AL wWEs A 7ol W AR
< 38stal glom, EUAA = AU, &4, F
A, autetr], & 9 371500 1.25 mg/kgS 2 -5
L2 38star 9l o AlEA 74, A f-A 0
2.5 mg/kg?] FE= 3-8}l QItHGoh 5, 2021).

Muttet vl=rollds 7MY, =at 59 4% a2
U A Aol 1.0 mg/kg?] =2 3]-831al Qlct,

QUEY 2

ohget Arles ARgote] Al =L Q=
AEE0] §3-E0] ¢li= 3-MCPDe ¥ GES 2413t
AdEe] Ak & 63 Z.
3

9o} Zo] AR R 3—-MCPDe % GE2] =4
o] g R]of| ufe} $1A/go] A= o, A
FHEU)E ALt =72 o] =] o2 4
glo|t}, 181}, 3-MCPDe ¥ GEE #7317 &
ok A7 5] X3 s 9lom] CODEX®] Bl
A(CXC 79-2019)0l| 4= 3—MCPDe ¥ GE9] #]7+
3= fIR ke = fx1o] FAI, A 5 A
I, A A2 e 9 ARSI ol 4] theFeh B
HE AABRL ek A AR F2]2] YA 5
GGl Q] ARE HRe R fAl= 2 &%
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T 3. 3-MCPDe 2! GEOf| CHEH 21X £ did (Crew £, 2012)
. Chromatographic | Mobile phase com-
Instrument Analyte Sample preparation drap P " Reference
column position
ODS-AM CI8, 3 mm .
Solvent A: MeOH/ACN/|  Collison 2}
- . ID x 150 mm, 3 pm
LC-MS GE Dilution of 250 mg oil in 5 ml acetone o H,0(4.25/4.25/1.5); Blumhorst(2011),
particle size(YMC-
solvent B! acetone Blumhorst(2011)
Pack)
Dilution of sample in cyclohexane/ethyl ac-
etate, GPC clean—up on Bio—Beads SX3, . Solvent A:
.. . Acquity HSS T3, 2.1
GE containing fraction evaporated and re- MeOH:H,0(3:1); solvent )
LC-TOF/MS Seven GE ) ) - mm ID x 50 mm, 1.8 ) Dubois 5-(2011)
constituted in acetone; additional clean—up . . B: iso—PrOH, both con-
T um particle size(Waters) | .
for oils with high DAG and MAG content: taining formic acid
SPE on 500 mg silica(eluent CH,CL)
Dual sample preparation:(a) glycidyl ester
Solvent A:
and 3-MCPD monoester: dual stage SPE: .
Seven GE; 17 Acquity HSS T3, 2.1 |MeOH:H,0(3:1); solvent
firstly 2 g C18(eluent ACN), then 500 mg . .
LC-TOF/MS | 3-MCPD mono- | _. 7 |mm ID x 50 mm, 1.8 |B: iso~PrOH(both Dubois 5-(2011)
. silica(eluent CH,CL);(b) 3-MCPD dies- o . .
and di—esters s . |um particle size(Waters) |containing ammonium
ters: column chromatography on 3 g silica L
formate and formic acid)
gel(eluent CH,C,)
Dilution of sample in n—pentane:diethyl Solvent A: 0.1% formic
. 2mmID x 150 mm, 3| .
ether ¥4 955, clean—up by fractionation on . . acid in H,0; solvent Granvogl 2+
LC-MS Seven GE » . um particle size L .
silica gel column, evaporation of solvent, B: 0.1% formic acid in | Schieberle (2011)
o o . |(Phenomenex)
and reconstitution of residue in acetonitrile ACN
Solvent A: MeOH:0.26
. L . . |Luna C18 column, mM NaAc in
Five GE, twenty | Dilution of sample in autosampler vial
. L 3mm ID x 50 MeOH:ACN(8:1:1); .
LC-TOF/MS | 3-MCPDe mono- | with HPLC solvent B containing internal ) Haines <(2011)
. mm, 3 pm particle solvent B: CH,C1,:0.26
and di—esters standards . ]
size(Phenomenex) mM NaAc in
MeOH:ACN(8:1:1)
Liquid/liquid partitioning of edible oil
in n—hexane and acetonitrile, SPE of n—
Solvent A: 0.2 mM
hexane phase on Sep—Pak Plus SI, 500 . R . .
) . Acquity UPLC BEH 1! sodium formate in
Five GE, nine | mg(Waters), eluents CHC,, and SPE of
o C18, 2.1 mm ID x 50 |H,0:MeOH(85:15); i
LC-TOF/MS | 3-MCPDe mono- | acetonitrile phase on Sep—Pak Plus CI8, . Hori 5(2012)
. . mm, 1.7 um particle solvent B: 0.2 mM
and di—esters 500 mg(Waters), eluents acetonitrile and | B . .
byl acetats ine of eluents size "' sodium formate in
ethyl acetate, merging of eluents, evapora-
) Y e o p.o MeOH:H,0(97.5:2.5)
tion of solvent and reconstitution of residue -
in acetonitrile
Solvent A: 10 mM
Seven GE, twenty | Dilution of sample in TBME:diethyl |Shimadzu UFLC, ODS |ammonium formate MacMahon =
acMahon 5
LC-MS/MS | 3-MCPDe mono- | ether(4:1), clean—up on silica SPE car- 4.6 mm ID X 150 mm, |and 0.1% formic acid 2011) °
and di—esters tridge, eluent n—hexane:diethyl ether(94:6) |5 pm particle size in MeOH; solvent B:
iso—PrOH
38
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H 3. Continued

. Chromatographic | Mobile phase com-
Instrument Analyte Sample preparation grap P . Reference
column position
Double SPE: first column: Sep—Pak Vac
RC C18, 500 mg(Waters), second column: |ODS, 4.6 mm Solvent A: ACN/MeOH/ Masnkawa =
asukawa 5
LC-MS Five GE Sep—Pak Vac RC Silica, 500 mg(Waters) [ID x 150 mm, 5 pm  |H,0(17/17/6); solvent (2011) °
evaporation of eluent and reconstitution of | particle size B: iso-PrOH
residue in MeOH/iso—PrOH(1/1)
Double SPE: first column: Sep—Pak Vac .
Acquity UPLC BEH
RC C18, 500 mg(Waters), second column: Solvent A: ACN/MeOH/
» Cl18,2.1 mm ID x 100 Masukawa 5
LC-MS GE Sep—Pak Vac RC Silica, 500 mg(Waters), . H,0(17/17/6; solvent B:
) o mm, 1.7 pm particle ) (2011)
evaporation of eluent and reconstitution of | iso~PrOH
S . size(Waters)
residue in MeOH/iso—PrOH(1/1)
Dual sample preparation:(a) 3-MCPD
. . . Solvent A 10 mM
monoester: SPE on 500 mg aminopropyl |Kinetex minibore C8, . .
Twelve 3-MCPD . . ammonium formate in
. cartridge(eluent n—hexane:CH,CL,: diethyl 2.1 mm ID x 50 ) Moravcova 5
LC-MS mono— and di— . . water; solvent B 10 mM
ether(89:10:1);(b) 3= MCPD di~esters: |mm, 1.7 um particle . . (2012)
esters . . ammonium formate in
column chromatography on 1.8 g silica |size(Phenomenex) MeOH
e
gel(eluent n—hexane:ethyl acetate(85:5)
Dual sample preparation:
(a) 3-MCPD monoester: SPE on 500
Twelve 3-MCPD mg amjnopropyl‘ cartridge(eluent n—
) hexane:CH,CL: diethyl ether(89:10:1);(b) Moravcova 5
LC-MS mono— and di- ; - -
. 3-MCPD di-esters: column chroma- (2012)
esters
tography on 1.8 g silica gel(eluent n—
hexane:ethyl
acetate(85:5)
Solvent A: 3 mM NH,Ac
Luna C18 column, ) M
Fourteen 3-MCPD | ) in MeOH:ACN(9:1); sol-| .
. Dilution of sample in 3mm ID x 50 Pinkston 2} Stof-
LC-MS/MS | mono- and di— ) vent B: CH,CL:ACN:3
CH,CL:MeOH(1:1) mm, 3 pm particle 2 folano(2011)
esters s . mM NaAc in
size(Phenomenex)
MeOH:ACN(8:1:1)
Double SPE: first column: Sep—Pak Vac
RC C18, 500 mg(Waters), second column: {ODS, 4.6 mm
. . Solvent A: MeOH; .
LC-MS Five GE Sep-Pak Vac RC Silica, 500 mg(Waters), [ID X 150 mm, 5 pm ) Shiro 5-(2011a)
. o . i solvent B: iso—~PrOH
evaporation of eluent and reconstitution of | particle size
residue in MeOH/iso—PrOH(1/1)
Double SPE: first column: Sep—Pak Vac
RC C18, 500 mg(WaterS), second column: |ODS, 4.6 mm Solvent A:
LC-MS Five GE Sep—Pak Vac RC Silica, 500 mg(Waters), [ID x 150 mm, 5 pm  |MeOH:H,0(92:8); Shiro 5(2011b)

evaporation of eluent and reconstitution of
residue in MeOH/iso~PrOH(1/1)

particle size

solvent B: iso~PrOH
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¥ 4. 3-MCPDe2| =2 - 2| 7|&

= 7t

L

SR, SRR UREI B AR Yol Edtsto] 7kt Aol gHieh: 0.1 mg/kg ©ls)
A )

H
iy ) = o
A B Thl 7L =B E(HVP): 1.0 mglkg o]sHARE 7120 24

0]H2)
a2

- ALARA: As Low As Reasonably Achievable

i R

EUY

- Vegetable oils and fats, fish oils and oils from other marine organisms placed on the market for the final consumer or for use as an
ingredient in food falling within the following categories, with the exception of the foods referred to in 4.3.2 and of virgin olive oils(+):

— oils and fats from coconut, maize, rapeseed, sunflower, soybean, palm kernel and olive oils(composed of refined olive oil and virgin
olive oil)(*) and mixtures of oils and fats with oils and fats only from this category,

~ Maximum level(ug/mL) : 1,250

— other vegetable oils(including pomace olive oils(+)), fish oils and oils from other marine organisms and mixtures of oils and fats with
oils and fats only from this category,

~ Maximum level(ug/mL) : 2,500

— mixtures of oils and fats from the two abovementioned categories.

* Vegetable oils and fats, fish oils and oils from other marine organisms destined for the production of baby food and processed cereal—
based food for infants and young children
- Maximum level(ug/mL) : 750

* Infant formula, follow—on formula and foods for special medical purposes intended for infants and young children(3)(29) and young-
child formula(29)(#)(powder)
- Maximum level(ug/mL) : 125

* Infant formula, follow—on formula and foods for special medical purposes intended for infants and young children(3)(29) and young—
child formula(29) (++)(liquid)
- Maximum level(ug/mL) : 15

Aty

- Canadian standards(maximum levels) Asian—style sauces such as soy, oyster, mushroom sauces: 1 ppm

o)

- Acid=HP : 1 ppm(dry basis)

* Asian—style sauces to which acid~HP was added(i.e., acid—HP is included in the ingredient statemaent) : 1 ppm(liquid basis)

- Asian—style sauces for which acid—HP is not listed in the ingredient statement(i.e., HCL is added to produce acid—HP in situ) : 1
ppm(liquid basis)

DA Z o] oFZ M A T1A] A]2020-35.(2020)
Ve 544 (2021)

3Commission Regulation(EU)(2020)

“Health Canada date modified(2007)

SFDA issued(2008)

H 5. Glycidyl fatty acid ester| =LY - 2| 7|&

= 7t

AIE L A

EUI)

* Vegetable oils and fats, fish oils and oils from other marine organisms placed on the market for the final consumer or
for use as an ingredient in food, with the exception of the foods referred to in 4.2.2 and of virgin olive oils.

- Maximum level(ug/mL) : 1,000

- Vegetable oils and fats, fish oils and oils from other marine organisms destined for the production of baby food and
processed cereal—based food for infants and young children.

~ Maximum level(pg/mL) : 500

- Infant formula, follow—on formula and foods for special medical purposes intended for infants and young children(3)
(29) and young—child formula.

- Maximum level(ug/mL) : 50

* Infant formula, follow—on formula and foods for special medical purposes intended for infants and young children(3)
(29) and young—child formula.

- Maximum level(ug/mL) : 6

PCommission Regulation (2020)

1Sk

Azasta 39 395 (2022)



B 6. A0 THol=l= MES2| 3-MCPDe 2! GE monitoring Z1} (Goh 5, 2021; AIZO|QFEEOIRK, 2007)
Nzos 3-MCPD ester Sizk(ug/mL) GE Efig(‘pg/mL) 72(n) Reference
mean (min—max) mean (min—max)
(62-588) - 14 Zelinkova 5-(2008)
5.6(3.7-65.0) 11(0.6-31.2) 13 Nguyen £} Fromberg(2020)
108(108-109) 87(80-94) 70 EFSA(2016)
o]fAl/olg A -
b o 150(N.D."-600) 220(N.D.~750) 40 Arisseto 5(2017)
= 185(N.D.-316) - 88 Wang 5(2016)
54(3-119) 13(2-50 55 Spungen 5(2018)
(N.D.-138) (N.D.-56) 5 Goh 5(2019a), Goh et al.,(2019b)
A9 B3R (1,500-5,500) - 5 Jedrkiewicz 5(2016)
(1,300~7,300) - 5 Jedrkiewicz 5-(2016)
a7l (1,355-3,831) (1,199-4,899) 5 Goh 5(2019a), Goh 5(2019b)
1,766 3,893 1 Goh %(2019a)
408,(406-409) 361(358-364) 170 EFSA(2016)
2,670(1,490-5,930) 4 Zulkurnain £(2012)
2,912 3,955(3,954-3,955) 501; 498 EFSA(2016)
3,749 6,610 1 Goh %(2019a)
A AEA A 2,584 4,848 1 Goh 5-(2019a), Goh 5-(2019b)
(<250-5,770) - 324 Abd Razak 5-(2012)
4,140(1,400-8,430) 6,030(1,880-9,530) 5 MacMahon 5(2013)
3,200(1,100-10,000) 3,700(300~18,000) >20 Kuhlmann(2011)
I ArEY (N.D.=6,200) (50-15,500) 4 Haines (2011)
L H9(Yuh) 48(48-49) 15(0-31) 9 EFSA(2016)
oo ) 56(15-73) 48(48-1,100) 5 Mac.Mahon =(2013)
(<300-2,462) - 5 Zelinkova 5-(2006)
Ediss 200(100-500) 300(100-600) >20 Kuhlmann(2011)
N.D. N.D. 1 Goh 5-(2019a), Goh 5(2019b)
22 B Gm1AA]) 5(N.D.-25) N.D. 5 MacMahon 5-(2013)
ND(< 100-<300) - 4 Zelinkova 5(2006)
o2 7] 2(HA) 656 656 1 Goh 5(2019a), Goh 5(2019b)
s i;f% 2 329.63(N.D.-643.35) 747.09(39.63-1,465.00) 9 A3 0] oF oL 2 (2007)
1o
FHsale. 39.33(N.D.-143.99) 446.34(28.75-2,189.23) 7 &) 32 0] QR oA 2] (2007)
A= 18.06(N.D.—161.92) 38.31(17.35-56.56) 15 A)3Z 0] QR oA 2] (2007)
5= N.D. 35.56(9.95-196.46) 15 A0 ok E b A4 (2007)
St M-S 243.36(N.D.~1,457.79) 254.88(16.30-1,093.25) 12 2] 0] oFZ LA 2] (2007)
TR 964.07(N.D.-2,853.25) 627.73(N.D.~1,333.04) 26 430 okE b 4 (2007)
ii;i %;K:‘E 196.76(N.D.~1,278.94) 144.09(N.D.~1,143.03) 27 232 0] oFZ oL 2 (2007)
ige] Keigs: o8 350.95(N.D.—2,606.26) 512.56(143.04-2,434.16) 8 &) 32 0] QR oA ] (2007)
ul7ke 391.85(N.D.—1,528.65) 425.43(34.31-812.35) 10 A)3Z 0] QR oL 2] (2007)
o] 532.46(N.D.-2,260.55) 99.41(17.58-281.75) 15 A) o]0k 2] (2007)

UNot detected
“Indicated a total MCPD esters was reported
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3 gl g3E [2of| etke] SRS ke
v - A 2 MCT(medium—chain triglyceride) &

B
il
A

WA 9 oz S 22 ol ol ¢
3—MCPDeE MAG, DAGs ¥ TAGs=, GEE DAG
2 ek Qg sl o]4ke] H7|= At v
Aaro 2 e 9 ARg-ag o) A= 3—MCPDe 2 GE
o] ghefo] W& [R5 AE"stal, A% ehAlEe] o
4 FA9] oFS Eol= S AL ot
FSE Xu $5(2020)9] AAqte] w= 3—MCPD
ester U GEZ £0]7] ¢Jet oz 3ty A ®
= ol SFAZA A Il 2 Ae)7PAE AL

85He 2 Wk oh e} SHE AFA U B
A 2ESPAR RS, olAlsRke EL A A

EE MRS WS AAskL Sk, ey o)y
g RS vlgo] Wol £t To] it o9k 2
o], ¥, W=(FDA), FH(EFSA), U2, 7iuct 5
o] A|A zFatol| A 3—MCPDe ¥ GES] AEE ¢
SF TRt A7 A=A QLo oof whet Az
Ao A3HE 919t 2lo] glojof & Ao A
Zheet,

References

Abd Razak RA, Kuntom A, Siew WL, Ibrahim NA, Ramli MR,
Hussein R, Nesaretnam K. Detection and monitoring of
3-monochloropropane—1,2-diol (3-MCPD) esters in cooking oils.
Food Contr. 25:355-360 (2012)

Arisseto AP, Silva WC, Scaranelo GR, Vicente E. 3-MCPD and
glycidyl esters in infant formulas from the Brazilian market:
occurrence and risk assessment. Food Contr. 77: 76-81 (2017)

Blumhorst MR, Venkitasubramanian P Collison MW. Direct

st} Ate] 3935 (2022)

determination of glycidyl esters of fatty acids in vegetable oils by
LC-MS. J. Am. Oil Chem. Soc. 88: 1275-1283 (2011)

CODEX. Code of practice for the reduction of 3—monochloropropane—
1,2—diol esters (3-MCPDEs) and glycidyl esters (GEs) in refined
oils and food products made with refined oils (2019)

Collison MW, Blumhorst M. Advances in LC-MS analysis of
glycidyl esters. in: 102nd AOCS Annual Meeting & Expo. May
1-4, Cincinnati, OH, USA (2011)

Crews C, Chiodini A, Granvogl M, Hamlet C, Hmn¢itik K, Kuhlmann,
J, Lampen A, Scholz G, Weisshaar R, Wenzl T, Jatsi PR, Seefelder
W. Analytical approaches for MCPD esters and glycidyl esters in
food and biological samples: a review and future perspectives. Food
Addit. Contam. Part A Chem. Anal. Control. Expo. Risk Assess.
30: 11-45 (2013)

Cui X, Zhang L, Yang D, Li J, Liu Q, Sui H, Liu Z, Zhou P.
Occurrence of 3—and 2-monochloropropanediol esters in infant
formulas in China and exposure assessment. Food Addit. Contam.
Part A Chem. Anal. Control. Expo. Risk Assess. 38 1470-1480
(2021).

Deutsche Gesellschaft fiir Fettwissenschaft (DGF). DGF Standard
Method C MI 18 (09) — Determination of ester—bound
3—chloropropane—1,2—diol (3-MCPD esters) and 3-MCPD
forming substances in fats and oils by means of GC-MS (2009).

Deutsche Gesellschaft fiir Fettwissenschaft (DGF). DGF Standard
Method C-VI 18 (10) Fatty—acid—bound 3-chloropropane—1,2-
diol (3-MCPD) and 2,3-epoxipropane—1-ol  (glycidol).
Determination in oils and fats by GC/MS (Differential measurement)
(2011a).

Deutsche Gesellschaft fiir Fettwissenschaft (DGF). DGF Standard
Method C-VI 17 (10) Ester—bound 3—chloropropane-1,2—diol
(3-MCPD ester) and glycidol (glycidyl ester). Summation method
for the determination in fats and oils by GC-MS (2011b).

Divinova V, Svejkovska B, Dolezal M, Velisek J. Determination of
free and bound 3-chloropropane—1,2—diol by gas chromatography
with mass spectrometric detection using deuterated 3 —chloropropane—
1,2—diol as internal standard. Czech J. Food Sci. 22: 182-189
(2004)

Dubois M, Tarres A, Goldmann T, Loeffelmann G, Donaubauer A,
Seefelder W. Determination of seven glycidyl esters in edible oils
by gel permeation chromatography extraction and liquid
chromatography coupled to mass spectrometry detection. J. Agric.
Food. Chem. 59: 1229112301 (2011)

Dubois M. Analysis of MCPD and glycidyl-esters in edible oils. in:
102nd AOCS Annual Meeting & Expo. May 1-4, Cincinnati, OH,
USA (2011)

EFSA Risks for human health related to the presence of 3rand 2r
monochloropropanediol (MCPD), and their fatty acid esters, and
glycidyl fatty acid esters in food (2016)



Ermacora A, Hm¢ifik K. Evaluation of an improved indirect method
for the analysis of 3-MCPD esters based on acid transesterification.
J. Am. Oil Chem. Soc. 89: 211-217 (2012a)

Ermacora A, Hmnéiitk K. Indirect determination of 2-/3-MCPD and
glycidyl esters in oils/fats’ a new method based on acid
transesterification. in: 102nd AOCS Annual Meeting & Expo. May
1-4, Cincinnati, OH, USA (2012b)

European Commission Regulation. Proficiency test on the
determination of 3-MCPD esters in edible oil (2010)

European Commission Regulation. Maximum levels of 3-MCP,
3-MCPD fatty acid esters and glycidyl fatty acid esters in food
(2020)

FDA. Guidance Levels for 3-MCPD(3-chloro—1,2—propanediol) in
AcidHydrolyzed Protein and Asian—Style Sauces (2008)

Goh KM, Wong YH, Abas F, Lai OM, Cheong LZ, Wang Y, Tan
CP. Effects of shortening and baking temperature on quality,
MCPD ester and glycidyl ester content of conventional baked cake.
Lebensm. Wiss. Technol. 116: 108553 (2019a)

Goh KM, Wong YH, Ang MY, Yeo SCM, Abas F, Lai OM, Tan CP.
Comparison assessment between SIM and MRM mode in the
analysis of 3-MCPD ester, 2-MCPD ester and glycidyl ester. Food
Res. Int. 121: 553-560 (2019b)

Goh KM, Wong YH, Tan CP, Nyam KL. A summary of 2-,
3-MCPD esters and glycidyl ester occurrence during frying and
baking processes. Curr. Res. Food Sci. 4: 460-469 (2021)

Granvogl M, Schieberle P. Quantitation of glycidyl esters via stable
isotope dilution analysis. in: 102nd AOCS Annual Meeting &
Expo. May 1-4, Cincinnati, OH, USA (2011)

Haines TD, Adlaf KJ, Pierceall RM, Lee I, Venkitasubramanian P,
Collison MW. Direct determination of MCPD fatty acid esters and
glycidyl fatty acid esters in vegetable oils by LC-TOFMS. J. Am.
Oil Chem. Soc. 88: 1-14 (2011).

Hamlet CG, Sadd PA. Chloropropanols and their esters in cereal
products. Czech J. Food Sci. 22: 259-262 (2004)

Health Canada. Maximum Levels for Chemical Contaminants in
Foods (2007)

Hori K, Koriyama N, Omori H, Kuriyama M, Arishima T, Tsumura,
K. Simultaneous determination of 3-MCPD fatty acid esters and
glycidol fatty acid esters in edible oils using liquid chromatography
time—of—flight mass spectrometry. LWT. 48: 204-208 (2012)

Hrnéitik K, Zelinkova Z, Ermacora A. Critical factors of indirect
determination of 3—chloropropane—1,2—diol esters. Eur. J. Lipid
Sci. Technol. 113: 361-367 (2011)

Huang Z, Xie D, Cao Z, Guo Z, Chen L, Jiang L, Sui X, Wang Z.
The effects of chloride and the antioxidant capacity of fried foods
on 3-chloro-1, 2-propanediol esters and glycidyl esters during
long—term deep—frying. LWT. 145: 111511. (2021)

Jedrkiewicz R, Glowacz A, Gromadzka J, Namie$nik J. Determination

of 3-MCPD and 2-MCPD esters in edible oils, fish oils and lipid
fractions of margarines available on Polish market. Food Contr. 59:
487-492 (2016)

Kalkan O, Topkafa M, Kara, H. Determination of effect of some
parameters on formation
3-monochloropropanediol and glycidyl esters in the frying

of  2-monochloropropanediol,

process with sunflower oil, by using central composite design.
J. Food Compost. Anal. 96: 103681 (2021)

Kuhlmann ~J.  Determination —of bound  2,3-epoxy—1-
propanol(glycidol) and bound monochloropropanediol (MCPD) in
refined oils. Bur. J. Lipid Sci. Technol. 113: 335-344 (2011)

MacMahon S, Begley T, Diachenko G. LC-MS/MS detection of
glycidyl esters and 3-MCPD esters in edible oils. in: 102nd AOCS
Annual Meeting & Expo. May 1-4, Cincinnati, OH, USA (2011)

MacMahon S, Begley TH, Diachenko GW. Occurrence of 3-MCPD
and glycidyl esters in edible oils in the United States. Food Addit.
Contam. Part A Chem. Anal. Control. Expo. Risk Assess. 30:
2081-2092 (2013)

MAFF (Ministry of Agriculture, Forestry and Fisheries). Domestic
measures to reduce chloropropanols and related substances in food.
(in japanese) Available from: http://www.maff.go.jp/j/syouan/
seisaku/c_propanol/program_japan.html. Accessed Sep. 17, 2021.

Masukawa Y, Shiro H, Kondo N, Kudo N. Generalized method to
quantify glycidol fatty acid esters in edible oils. J. Am. Oil Chem.
Soc. 88: 15-21 (2011)

Miyazaki K, Koyama K, Sasako H, Hirao T. Indirect method for
simultaneous determinations of 3—chloro—1,2—propanediol fatty
acid esters and glycidyl fatty acid esters. J. Am. Oil Chem. Soc.
89:1403-1407 (2012)

Moravcova E, Vaclavik L, Lacina O, Hrbek V, Riddellova K,
Hajslova J. Novel approaches to analysis of 3—chloropropane—1,2-
diol esters in vegetable oils. Anal. Bioanal. Chem. 402: 2871-2888
(2012)

Nguyen KH, Fromberg A. Monochloropropanediol and glycidyl
esters in infant formula and baby food products on the Danish
market: occurrence and preliminary risk assessment. Food Contr.
110: 106980 (2020)

Pinkston JD, Stoffolano PJ. Update on the development of a sensitive,
accurate, and user—friendly method for the direct determination of
3-MCPD esters. in: 102nd AOCS Annual Meeting & Expo. May
1-4, Cincinnati, OH, USA (2011)

Seefelder W, Varga N, Studer A, Williamson G, Scanlan FP and
Stadler RH. Esters of 3—chloro~1,2-propanediol (3-MCPD) in
vegetable oils: significance in the formation of 3-MCPD. Food
Addit. Contam A, 25: 391-400 (2008)

Shimamura Y, Inagaki R, Oike M, Dong B, Gong W, Masuda S.
Glycidol fatty acid ester and 3—monochloropropane—1, 2—diol fatty
acid ester in commercially prepared foods. Foods, 10: 2905 (2021).

43

" Food Science and Industry (Vol.55 No.1)



~
Lo

(AN
% Scj,

S

nce an

e “\03\35\é

Shiro H, Kondo N, Kibune N, Masukawa Y. Direct method for
quantification of glycidol fatty acid esters in edible oils. Eur. J.
Lipid Sci. Technol. 113: 356-360 (2011a)

Shiro H, Kondo N, Masukawa Y. Validation of quantitative method
for glycidol fatty acid esters (GEs) in edible oils. in: 102nd AOCS
Annual Meeting & Expo. May 1-4, Cincinnati, OH, USA (2011b)

Spungen JH, MacMahon S, Leigh J, Flannery B, Kim G, Chirtel S,
Smegal D. Estimated US infant exposures to 3-MCPD esters and
glycidyl esters from consumption of infant formula. Food Addit.
Contam. Part A Chem. Anal. Control. Expo. Risk Assess. 35:
1085-1092 (2018)

Tiong SH, Nair A, Abd. Wahid SA, Saparin N, Ab. Karim NA,
Ahmad Sabri MP. Md. Zain MZ, The HF, Adni AS, Tan CP, Lai
OM, Cheah SS, Appleton DR. Palm oil supply chain factors
impacting chlorinated precursors of 3-MCPD esters. Food Addit.
Contam. Part A Chem. Anal. Control. Expo. Risk Assess. 38:
2012-2025 (2021)

Wang L, Ying Y, Hu Z, Wang T, Shen X, Wu P. Simultaneous
determination of 2-and 3-MCPD esters in infant formula milk
powder by solid—phase extraction and GC-MS analysis. J. AOAC
Int. 99: 786-791 (2016)

Xu M, Jin Z, Yang Z, Rao J, Chen B. Optimization and validation of

&3l Arq] 3935 (2022)

in—situ derivatization and headspace solid—phase microextraction
for gas chromatography—mass spectrometry analysis of 3-MCPD
esters, 2-MCPD esters and glycidyl esters in edible oils via central
composite design. Food Chem. 307: 125542 (2020)

Zelinkova Z, Dolezal M, Velisek J. Occurrence of 3—chloropropane—
1,2~diol fatty acid esters in infant and baby foods. Eur. Food Res.
Technol. 228:571-578 (2008)

Zelinkova Z, Svejkovska B, Velisek J, Dolezal M. Fatty acid esters
of 3-chloropropane—-1,2-diol in edible oils. Food Addit. Contam.
23: 1290-1298 (2006)

Zulkurnain M, Lai OM, Latip RA, Nehdi IA, Ling TC, Tan CP. The
effects of physical refining on the formation of
3-monochloropropane—1,2-diol esters in relation to palm oil minor
components. Food Chem. 135:799-805 (2012)

AFOJRERIAA. 2020 A1 5o HAA FA] (2020)

AFOJREIA. A9 71E 3 514 H12020-3% (2020)

ARl OFEIIA. A% 3 glycidyl ester AR 7id 3L 2 A4
ZA}(2017)

AZoJokZobH A, A& 5 Falled Tl Bl $13) (2007)
A ZOJORERPAA]. AE F A 8 FelEd e AT
(2018)





