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Advances in contamination status and detection methods of chloropropanol
esters in infant foods
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ABSTRACT: Chloropropanol esters contaminants are potentially harmful to the human body and have been found to
be ubiquitous in refined vegetable oils, oily foods, animal milk and breast milk, with higher levels of contamination
in refined vegetable oils, especially refined palm oil. The main sources of fat in infant formula foods are refined
vegetable oils and animal fats. For babies with infant formula foods as the main food source, the exposure level of such
contaminants may cause potential health hazards. At present, the research data of chloropropanol esters contaminants in
infant formula foods is limited, and the relevant laws and regulations at home and abroad are insufficient, resulting in
limited attention in supervision and production. This article took infant formula foods as the focus, comprehensively
introduced the contamination status and exposure hazard of chloropropanol esters in infant formula foods at home
and abroad, relevant laws and regulations, and briefly introduced the commonly used methods for detecting
chloropropanol esters in infant formula foods, so as to help regulators, manufacturing companies and testing
organizations to fully understand the current situation of chloropropanol esters in the industry and make timely

improvements.

BEETE: P EGICEER: A B L AR % 3 5 H (2017JK027)

Fund: Supported by Chinese Academy of Inspection and Quarantine Basic Research Business Fee Project (2017JK027)

ETES: T, Wi, TR, EZEMFRT AR 24, E-mail: yinfeng@caiqtest.com

*Corresponding author: YIN Feng, Master, Engineer, Chinese Academy of Inspection and Quarantine Comprehensive Test Center, No. 3,
Gaobeidian North-Road, Beijing 100123, China. E-mail: yinfeng@caiqtest.com



555 Ft

W, S AW b S N BRI 75 GOPR O SRS IN i E E iE 1127

KEY WORDS: infant formula foods; chloropropanol esters; contamination situation; detection method

1 3|

4 TN 5 55 (chloropropanolesters) & 1T 4 28 £ i W & BE
B — 2B BTG e, TR LK A = ek N A B 7= A f 5
I AR B A TG R I, P 3-E-1,2-
¥ jg Wi 2 (3-chloro-1,2-propanediol fatty acid, 3-MCPD)fg &
ZXeTF o 47K H B (glycidol esters, GE){E— & 2 1F T Al 5
{bh 3-MCPD, K 3-MCPD BRARTIAYI R —, Hit
FEA P —F4 1. BRTA K 2-MCPD B84, 1M
1,3- 4 -2-§ ¥ (1,3-dichloro-2-propanol fatty acid, 1,3-DCP)
Wi . 2,3-DCP BRIGHISTH D

SN FERR (DL FEAF R BR TG . R R BR R K i BR R 55) 15 Y
W) % B K A 2R = i U, R AR L2 S B
A E T (1% PR 3-MCPD —ER), JExd H4h
FREAT T 404, 2004 4F 5B W AT JIE BALE . 7
PR AW 1% . MRS R, BEk, ERYrT
Al AN O R s e R AR
N U0 (8 o T e N £ LA 13 T S S
RO AL A PO AR 2 1 S R e B R R KR AR
[l v SR R R

e W72 A e S B B A 2 —, R S B R &
KR E s ORI . B T RIS B AE P e
W I F BT T, T AR SR O TR QTR A B, kX
V5 YR A= T PEAG B o 3R R B LA f oK 1
HEE RS RER 2014 45 11.6 MRS R 2017 401
29.1 Jimdi, [AlHHER 31.7%%; ] At Je th 5 S O LR 4
TRATEE L BRI, T R K gk K,
RS FLR f BT 4 4y, FRIE T 2016 SRR AT (2240
JLEC 5 ZURs = b B VE S B ), IRE 2019 4F 1 A
26 H, JEHEMET 1195 ABEECFLR ™ Gh e 7Y, AR ST
Be £ o RS G, IR0 T SN BRI e e B
BRI YR R B EEE . ENINEEER, XA
KA iE AT R, DR DS E IR . 2R Al R A
DRI %o B T £ S P R 5 4 7T R B 145 A 4 1
AR,

2 SRAEBEERERERMEREKT

I HIF 1% JC B UE 4 T1F B 520 T R N 4 2K H i R A B
A, O LA T DA A A0 2 I T K A ) i F
BB 5 Sl N BE M ZEAR N 100% /K i R AN B, HABR AR A
PR 100%0 5 T2 N BElE . {5 Li 252005 88 i A5 i
EE/EFAT 3-MCPD £ M 3-MCPD FAEER g, Ha8AH
454 3-MCPD 1 15%. 3-MCPD (175 B2 1t B AR W i

il

126-28] | s WIF S8 UM (International Agency for Research
on Cancer, IARC)7E 2013 444 541 )y 2B K 8um 4y, HljE—
FiAE s e R e BUE Y, WTRE A BUE ER . gk
— R AT AR, HLF 2000 445 IARC A1 2A
30 Wy (B0 20 ) 52 B R 78 43, AR AT BE SO H IR B A
). 2-MCPD 25 A B . 2-MCPD 1 2-MCPD
e A SN S B AT B, o i AR S 0t AR IR 7L sh A 1k
WIS e BEtk . FEE PPN I, 2016 4EBRUN A il 2 22 JR)
(European Food Safety Authority, EFSA)ili i ¥F45 £ ik 7175
ZHH, HEFE 3-MCPD M4kl 3-MCPD & 3-MCPD fi
SN TH 32 35 At (tolerable daily intake, TDI) 0.8
ng/(kg- BW-d)*1. 2017 AR 41LU/ 1 121 218 s sk
B EFZ 2 (Joint FAO/WHO Expert Committee on Food
Additives and Contaminants (FAO/WHO), JECFA) #f: 77
3-MCPD &1 TDI 4 4 pg/(kg: BW-d)PY, % THRm 2=
5¢, BEFSA 7ERL=IRAh % 3E6E I, F 2018 42K 3-MCPD 24
1Y TDLETTH 2 pg/(kg BW-d)P,

EFSA 45 /R shig i i i o 75 45 G0 Bl &%
A KT R, AR e b e AR AR AR AR b, Ok
JE-TRENMRERRY 3-MCPD V-3 {3/ (mean middle bound,MB)
1E5 2912 pg/kg(F 501 4MEAS), 2-MCPD 1) MD ik 1565 pglkg
(G55 AMREA), 45K H il MD ik 3955 pg/kg(3k 498 MEEAR);
T2 e AR (RO . AT . FAR I B SR
A SRR ZEAEA L Ak . BT AR) AT YUK,
9 AL AR V5 YK R AR . ZE TSGR L™
ai AR K BIZ TS YA AE

3 EE|mPEAERENSIKR

EFSA #5452t 7 70 AL dhFEAS, 3-MCPD
g Ry MBAA-ME) A 108 pg/kg, 2-MCPD () MB Jy 44
ng/kg, #E/KHIMA MB 4 87 ng/kg. HRIEZLE 012
/PR, TR BILEHEA 2.4 pg/(kgBW-d)HY
3-MCPD, 1.0 pg/(kg:-BW-d)i¥ 2-MCPD, 1.9 pg/(kg-BW-d)I¥)
5K, WK 3-MCPD Ry AL T ER TDL, 4
BT HAMAWH, B FRAH L L AL #E) BA
NG R

1R T E NSNS E G SN B KA K
BR TS YL 0L, AT L1205 Yo 1 th 50 Bl P AT 2 L 53l 1y
M4, Hrh 3-MCPD [g (94 H 2 F 75 Je 7K O #5 L3¢
2-MCPD i 5 YL F2 BE ARG —2&, T 1,3-DCP i1 2,3-DCP
BEAA K, i RS R i . AR & A
W25 Y () 3 KT 55 AR AR 0 A v B T3 oK OT A
— 7 M AH DG



F10 &

° R SN o W AR B ch W By 0 P "W B B g SR MR/ MRTE N g THTREAN, CHAEI G SR N, TR

B dn 2 4 R R I A 4R

- - - - - - - TI~aN - - 8'€~aN - vT L9107/ 7 3
SRR e e
- - - an aN 0 - - - €1 90'T~AaN LS8 4 [11600T/ BT tly
€10°0 LO0~AN vLLY - - - 9100 Lb0'0~aN v6°€6 9€0°0 630°0~QN 16'06 €€ oo E10T-TTOT/ X E ]
- - - - - - 1700 750'0~aN v'e S81°0 91£°0~aN 68 88 1619102/ % ch
651°0 PEE0~IS00  %O0'SL - - - - - - - - - 4 151810/ 8T
- - - an an 0 - 090°0~aN 0Ty - 80T°0~LE0°0 001 0s 810/t
- - - aN aN 0 - aN 0 - 61°0~L0°0 €€°€T 0€¢ orsal 107/5 1
: - - - - - : s A LB 0c P10V
- - - an aN 0 ®$T00  6£0°0~AN LTI SEIT0 0£T0~aN S'LL I11 olvelS 10T/ ¥ F
- - - - - - £98000  9+0°0~AN 17°8T 121°0 6’ T~aN L8y 8L 1¢18 10T/ 3
- - - - - - 0v'0 75°0~61°0 s1 190 YT 1~81°0 0s 0T 118107/ Z
(83y/8w) (8>y/8w) % (By/8u)  (3y/8w) % (821/8w) (85y/8w) % (8>1/8ur) (8>1/8ur) %

Mk EREE SRR Bk EREE EWH Mk EREE EWH Wk BREE ERY gaen gawmede

AL H N 8 d0Qa-€T “EH dOa-€°1 B4 AdON-T B AdOW-€

1128

peoiqe pue dWIoY j& SPOOJ E[NULIOY JUBJUI UI SII)SI [APIIA[S pue 19359 [ouedordoio[yd Jo uonenjisajeurmeiuo) [ dqe],

VRS N AN W S M B WY T AE T2



555 Fr U, S BECE AN o SN EEER AT GR B0 B AN T VAW ST ik 1129

HAbBISE SR sh P FLit . BEFLh AT SN EEER TS L .
R X G PN G B IF 5 IE R 3 T L R R i A T R
2014 4B ZEIL I 30 434 3L P 3-MCPD B AU H Rk
95%, & 7E ND~13.8ug/kg, “F-¥I{H 4.3 ng/kg; 2-MCPD fig
K 2R 83.3%, i fE ND~10.3 ng/kg Z[al, V1 3.6
ng/kg, 2008 4 Zelinkova 25V R I 12 (hBEFLh S A & &
B 1Y 3-MCPD ff, /Kf#)5 3-MCPD (15 & M KA H (LOD:
300ug/kg, PLHE 7 31) #) 2195ug/ke =z 0|, SFH{E N
1014pg/kg(A 2 F 35.5ng/kg B70). 00 T 4005 14~76
d WKy 6 MEEELAE S, KfRJS 3-MCPD % iy [l
328~2078ug/kg(BE W), FXIME 930ug/kg(FHH4 T 12ng/ke
EE7L), 8% 3-MCPD FRfER N 2K N 3-MCPD, #
PR A L IRE . 5, P48 L 3-MCPD #EA it
i TDI ) 4.1 /%, 4 F #5725 )L 3-MCPD #E A #7158 TDI
B 2.1 £,

AR, B £ b ST B R 0TS e, R
DABEZL MR SR Y ) Lt e LA S (R R H AR A PR . dnfey
P 2 T Y 1) R R 1, K SRt SR L P s [ T I 1
Pk o

4 ERINERZERER

H AT E PR b2 R 22 550 5 w0 oK i a8 SN i M 48 7K
TMER B PRI, XS ik 2 5RO AL . AR
Hii EFSA KUG AL 945 5, 2018 4 2 A 26 H, BREIZR 4
RAT(EU)2018/290 S #4517 T (EC)No1881/2006 5
AR, A YIMAE . BYLEC T B B LRk
P 2 P8 B 0 A B AR K TR P e KPR A v, W% 2,
LI F KA 5 LA (R - TN i S P9 Bl AN K H
T () 2 A

2 (EU)2018/290 SEMME M AE7K HIMBEEH IR 2
Table 2 Maximum level of glycidyl fatty acid esters regulated
by regulation (EU) 2018/290

- | R /(ug/kg)
LR LG
e 298 B 2 ol & S OB R AR 0 g 1000
L HATARILE W RGN A E 500

BRI
BOLECr & . BRELE &8 . 24 75 (2019.6.30 H H)
JUARRR 52 38 1 (R 50 (2019.7.1 Hii)

BOLEC & . BRELE &8 . 24 10 (2019.6.30 H HI)
JUFRBR 52 38 1 (A 6(2019.7.1 Hilg)

AT TUAR [ P4 E A B0 2 S BC A A ™ Al T R 56 7™
ai P SN IR B9 75 G O, E DR i I R LS, Al
RUEFAR, REARRS (R ALt g2/ Fe R AT ) GB

5009.191-2016 B4 42 [ ZEARE £ bt b SN I S AR D7
TR &t I E ) I8 =i s g U iR ik, Rl
I ARG BR A T AR HE LA o

5 ZEfRamhRREERRRNE

WLC it o G TR 4G 32 A 455 T 0 A
P, WER 30 AR R LS R AL (IR D B
B, BRAKSE . defl . AT L SOR 6T - TR IR (gas
chromatography-mass spectrometry, GC-MS)l =&, 46K
TR P54k 3-MCPD J [ #2200 52 10 Ay 3k B B
A, R R A S P R A s K T
e ik, BT H B GIRITRR RIS | 256008 5
(LRSI 2oL 5 A 45 i DGR ER YT, 5 U 2ol s AR P4
SN BEER . H A A S R 2 2 2 bR i (DGF
C-VI18 (10)). EEAMIEZRKMEHRHEAOCS Cd 29a-13,
Cd 29b-13 F1 Cd 29c-13) . [H B ki i 1k 20 22 b5 i
(ISO18363-1-2015) X H H & & % & H X tr #i GB
5009.191-2016(5% =35)5F ¥R H GC-MS Jrikfail . Hrh
AOCS3 M HRHEREIA A & 4R A5 G0N R A 4 7K T Y R 52
ZEREATHER TR ISO 18363 RERYIE VG A fu 45
FLEFLH A o

LR TE S B A A A P SN B R 28 TS Y W K S5
HAY RIS 12 E S T A S, AN SRR Py 2
¥, FLHTAL SR PR il R ME LA ARAS B A FL A 5 1
AR S B [ N FR Y, HRBIREUR) 2 A TEN
DBOUFIE T, WA 3, S5 REA —EM R ETE . HE
TR AR R b A FR (R AR BRI D7) . SPE
FAk . TR . AR R4 B ROR, T s A
FH Ik 56 B 7 58 3 1 S5 D 4748 G R A X
DIAFE] m/z[M+H]+, RTFEGR ShA SRR B 14 15t PR 4 A
TE BUARE 19 m/z[M+Nal+, {HiX il 4™ B s e, KK
BENARR 32 1T BLAR), o TR 5 Sl R P oA PR R e 5 LA
PEMIE AL m/z[M+NH4]+, A F] THRGERE . R BRI,
WA Y Y A Y AR, AT BIF ST
APCT K6 IS B A 4 3t o 0 4 K B g 1, A sn-1
3-MCPD HAEEA] e 278 APCI J5 N [ b T sUAH Y 9 GE, &
S RA TR G B K i K IR A T AR I,
VRIS I IR IR 56 4 . PR ARE S v SR B o, 2
TRUE IS S2Ab PR AL AT B A F o A A b P AR W i B2 BBy
HFT A UKL HEREOE, WaR 3. BUKmk
JEWE A A A NR W TE B 25 1R Ui ke, PR AL R 2
B, WURR AT 408, S5 R LS, B0 H A2 R e i
ORI S AR E 2, (HRBRIEN B SRS &
SHEp e AR, EE UL R BB & K RS,
il AT WLV 70 B AR P SR IBORR 7, 45 SR DIRESL T A7
DAERAERE, TP, (AN REAAAERR I HR BOR 1 58



F10 &

AP A A

1130

BN B H-OQ WL -SA "SI Y -dA EHBMAR-UT EHER-T EHMEN RS BB O B - d i S WY, N B R, R

(@OW-IET0  (AIOW-TW0'0 TSP oo i
gy ADOWO6I0 (AN SWOD Vad TN . :
R A *SA-AdOW-T-SP *dd-AdON-€- *SA-AdON-T “da-AdON-€ ¢ .
,ﬁﬁm.m\v?mﬁmﬁo /AE» (mv_Nmmvmc.o P d P REC YR8 el E T
. . #ilh
| ¢4 €00 100 SIN-09 Ve SNBSS SA-AION-T-SP *dA-AdON-€-SP SA-AdOW-C *da-ddON-€ N
* . O AR
SIW/SIN . i SHHEHNCG-SP ek L ity SHHAH NGy L " Hifd QdON-€
(174 - ddS 81D * 0772118 3 El S
1 SO MU TR QdON-€-SP ik § “EH— AdON-E€-SP e 1Tt OT “E— QdOIN-E ik b1 TR 2 R
SI/SIN HdS 81D i SHLHCEG-SP ek L “Hitel BHHAH NGy L " Hitds QdON-€
Ly - . . ; ] L
1 HdS W M TR AdON-€-$P ik S B — AdON-E-SP e IT ek OT “Hi— AdOIN-€ th 1 A ZHZ G
da-AdON-€-o04
4! 18w §200'0 1/8W 80000 SIN-0D Fl Ve i WM B QORI XK (F)-5P “d-aD-P “AGAIINT “dHD MW FHERHE
(d-doa-€Dy0'0
< . HEA [ 1
~(dOa-€ 1200 CpeHED &-dOa-€1-5P %EE%%MWM MMW p—
|82 “(d-ddOW-€Z0  SIW-0D gk “HdS W SPSTE N *d-aQdON-E-SP “da-AdON-€ ﬁ e Ny WO SN
~(da-AdON-£)81°0 (gea) Ty vad *dOd-€1-6P “AdON-€-SP . ﬁmf@. ﬁﬂ H m_ QMGE ¢
\QOWOT0 Od-dOA-€T “dOa-€T “AdON-€
Vi ; SI/SIN . UTHO-SP UTHD “VTHED Sth
or (100 et S PS80 WEE “1go@p ‘0G0 ‘SADP GEDSP 0D ‘SO ‘@D VT R
(@dOW-0)200°0 ] SA-AdOW-T-SP *dA-AdOW-€-SP ol
oy N . - SIN-0D i E ‘ -7 -
(QAOW-€)9000 BT #e “QIONT-SP “AION-E-<P QdONT “AdON-€ Y O
0D “ddON-T
) OdD-SP “AdFN€E-SP “AdON-T-SP o8l Z- N W
9% - SIN-OD VA R 2 I IR . . *AdgN-€ “AdON-€ N
AdON-€- A-AdON-€- i z A
ON-€-SP *OQ-AdIN-€-SP IEAIINT “OT-TINE i DS AR E
6¢ 600 €00 SIN-0D 94H/AdS THERERG SRR SA-AOW-C-SP *dA-AdOW-€-SP SA-AdOW-C *da-ddON-€ FHE T2 T
dA-AQdON-€-SP SA-AdON-T-SP SA-AdONT
& B0 (@100 SWOD  IGdW/AdSTFHGE g & AAINE-SP *dOT-ET-SP AQ-QONE DA E e
(adomwioo (@domsooo i . . . -
SdOQ-€1-P “AdON-T-SP *AdON-€-5p  “dOAET “AdONT “CUdONE
dOQ-€T-SP dA-AdON-€-SP dOa-£7T “dOa€1
LE S100 S00°0 SIN-0D 91/ ¢ I
! dds Tt RS “dOA-€T-SP “SA-AJON-T-SP “SAdON-T “da-AdON-€ T2 i
: : = - e dOa€T .
9 S0'0 S100 SIN-0D 19AH/AdS FHIH &8 NG AdON-€-SP DOAET “QIONT “Adon-e  CerEAl SRR
8¢ 0500 S100 SIN-0D I9AH/ 9dS T YNNG JdA-AdON-€-SP oo T +E2 O
43 010 €00 SIN-0D I94H/ 9dS T SO d-AdON-€-SP AdOW-€ “d-AdON-€ FHFL T2 T
(doA@s00 (doas100 STADITSP SaradIne
vE (ADNSIO0 (ADS000 SW-0D I94H/ 9dS T SO mn.nmoz.m-% dOQ-€T-5P mo”omoz.m dOa-€T SO AR
*dOQ-ET1-SP “AdON-T-SP “AdON-€-SP  “dOQ€T “AdINT “AdON-E
(43 010 €00 SIN-0D 1941/ 9dS FHEH SN ey 4 AdON-T-SP “Hil AdON-€-SP B AdON-Z “Eil AdOIN-€ FHH -+ O
Wxgg  @BwOo1 ByBw)yao1 PRk (AR L LGNS HRAZT | Y (R LR

SP00J B[NULIOJ JUEBJUI Ul S13)SJ [APA[S pue s13)sd [ouedoxdoioryd Suryda3ap 10§ spoydw Jo Arewmng ¢ d[qBL

W HH LT A E N W B WY TR € 2%



555 Fr U, S BECE AN o SN EEER AT GR B0 B AN T VAW ST ik

1131

SEHRBGICRA—, S R SRS 25 8 2 ) i)
N385 771 A B (accelerated solvent extraction, ASE)J&1E—
MR AR TN A HLE R BRI U vk, AR EBGL
TG R FIORE B AR o 4R I, L= WAL = m B
FHAEE AT EE M, A 2R AR R —
OV L

6 ZL5RE

£i b, [ AN EE R ah SN R 28 TS Y M A

I, HASOEANE AL M A 4, HAS I kb 7 e
AR HE RO, KNSRl HEE LA
LSRR . B O & 1A T iEn i, B
SR ] P T A R £ A T U PEAG WS, TERR 0T
R iR b, B SR PREZOR, DI
T T S0 s G VA /3 WSl e/ o

SEHE

(1]

[2]

(3]

(4]

(3]

(6]

[71

(8]

[10]

[11]

[12]

Davidek J, Velisek J, Kubelka V, et al. Glycerol chlorohydrins and their
esters as products of the hydrolysis of tripalmitin, tristearin and triolein
with hydrochloric acid [J]. Z Lebensm Unters Forsch, 1980, (171): 14-17.
Cerbulis J, Parks OW, Liu RH, et al. Occurrence of diesters of
3-chloro-1,2-propanediol in the neutral lipid fraction of goats' milk [J]. J.
Agric Food Chem, 1984, (32): 474-476.

Kuksis A, Maral L, Myher JJ, et al. Comparative study of the molecular
species of chloropropanedioldiesters and triacylglycerols in milk fat [J].
Lipids, 1986, 21(3):183-190.

Myher JJ, Kusis A, Marai L, et al. Stereo specific analysis of fatty acid
esters of chloropropanediol isolated from fresh goat milk [J]. Lipids, 1986,
21(5): 309-314.

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

Sim BI, Muhamad H, Lai OM, et al. New Insights on degumming and
bleaching process parameters on the formation of
3-monochloropropane-1,2-diol esters and glycidyl esters in refined,
bleached, deodorized palm oil [J]. J Oleo Sci, 2018, 67(4): 397-406.

Yan J, Oey SB, Leecuwen SPJV, et al. Discrimination of processing grades
of olive oil and other vegetable oils by monochloropropanediol esters and
glycidylesters [J]. Food Chem, 2018, (248): 93-100.

Ozdikicierler O, Yemisgioglu F, Giimiiskesen AS. Effects of process
parameters on 3-MCPD and glycidyl ester formation during steam
distillation of olive oil and olive pomaceoil [J]. Eur Food Res Technol,
2016, (242): 805-813.

Chew SC, Tan CP, Lai OM, et al. Changes in 3-MCPD esters, glycidyl
esters, bioactive compounds and oxidation indexes during kenaf seed oil
refining [J]. Food Sci Biotechnol, 2018, 27(3): 905-914.
Custodio-Mendoza JA, Carro AM, Lage-Yusty MA, et al. Occurrence and
exposure of 3-monochloropropanediol diesters in edible oils and oil-based
foodstuffs from the Spanish market [J]. Food Chem, 2019, (270):
214-222.

Kisters M, Bimber U, Ossenbriiggen A, et al. Rapid and simple
micromethod for the simultaneous determination of 3-MCPD and
3-MCPD esters in different foodstuffs [J]. J Agric Food Chem, 2010, (58):
6570-6577.

M, Chaloupska M, Divinova V, et al.

Dolezal Occurrence of

[13]

[14]

[15]

[1e]

(18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

3-chloropropane-1,2-diol and its esters in coffee [J]. Eur Food Res Technol,
2005, (221): 221-225.

Sadowska-Rociek A, Cieslik E. Assessment of 3-MCPD levels in coffee
and coffee substitutes by simplified QuEChERs method [J]. J Verbr
Lebensm, 2015, (10): 117-122.

Marc C, Drouard-Pascarel V, Rétho C,

et al. Determination of

3-monochloropropane-1,2-diol and 2-monochloropropane-1,3-diol
(MCPD) esters and glycidyl esters by microwave extraction in different
foodstuffs [J]. J Agric Food Chem, 2016, (64): 4353-4361.

Jedrkiewicz R, Glowacz A, Gromadzka J, et al. Determination of 3-MCPD
and 2-MCPD esters in edible oils, fish oils and lipid fractions of
margarines available on Polish market [J]. Food Contr, 2016, (59):
487-492.

Merkle S, Ostermeyer U, Rohn S, et al. Formation of ester bound 2- and
3-MCPD and esterified glycidol in deep-fried and pickled herring products
[J]. Eur J Lipid Sci Technol, 2018, 120(1700464): 1-9.

Merkle S, Ostermeyer U, Rohn S, et al. Mitigation strategies for ester
bound 2-3-MCPD and esterified glycidol in pre-fried breaded and frozen
fish products [J]. Food Chem, 2018, (245): 196-204.

Karl H, Merkle S, Kuhlmann J, et al. Development of analytical methods
for the determination of free and ester bound 2, 3-MCPD, and esterified
glycidol in fishery products [J]. Eur J Lipid Sci Technol, 2016, (118):
406-417.

Chai QQ, Hayat K, Karangwa E, et al. Investigating the optimum
conditions for minimized 3-chloropropane-1,2-diol esters content and
improved sensory attributes during savory beef flavor preparation [J].
Food Chem, 2018, (243): 96-102.

Leigh J, Mac M. Occurrence of 3-monochloropropanediol esters and
glycidyl esters in commercial infant formulas in the United States [J].
Food Add Contamin, 2017, 34(3): 356-370.

Jedrkiewicz R, Glowacz A, Gromadzka J, et al. Indirect determination of
MCPD fatty acid esters in lipid fractions of commercially available infant
formulas for the assessment of infants’ health risk [J]. Food Anal Method,
2016, (9): 3460-3469.

e N RALFIEIESC B . 13O BB R 2017 48 vp [k 1 £ Bt 22
4 % B [DB/OL]. [2018-7-20].
302249/302425/1939553/index.html.

General

http://www.customs.gov.cn/customs/

P. R. China. The General
Administration of Customs notified the quality and safety of imported
food in China in 2017 [DB/OL]. [2018-7-20]. http://www.customs.gov.cn/
customs/302249/302425/1939553/index.html.

M. ARRELULRC T Wik it TSR R A SR R ]. L
Ak, 2018, (199): 8-10.

Chen G. Analysis of global infant formula milk powder production,
consumption and trade pattern [J]. China Dair, 2018, (199): 8-10.

Administration of Customs,

H % & & 2 & B & # & /& [DB/OL]. [2019-1-26].
http://qy1.sfda.gov.cn/datasearch/face3/dir.html.
China Food and Drug Administration [DB/OL]. [2019-1-26].

http://qy1.sfda.gov.cn/datasearch/face3/dir.html.

Li HL, Chen DW, Miao H, et al. Direct determination of fatty acid esters
of 3-chloro-1, 2-propanediol in edible vegetable oils by isotope
dilution-ultra high performance liquid chromatography-triple quadrupole
mass spectrometry [J]. J] Chromatogr A, 2015, (1410): 99-109.

Frenzel F, Buhrke T, Wenzel I, et al. Use of in silico models for
prioritization of heat-induced food contaminants in mutagenicity and
carcinogenicity testing [J]. Arch Toxicol, 2017, (91): 3157-3174.

Onami S, Cho YM, Toyoda T, et al. Absence of in vivo genotoxicity of
3-monochloropropane-1,2-diol and associated fatty acid esters in a 4-week

comprehensive toxicity study using F344 gpt delta rats [J]. Mutagenesis,



1132

LR

G A A

F10 &

[28]

[29]

[30]

[31]

[33]

[34]

[35]

[37]

[38]

[39]

2014, 29(4):295-302.

Cho WS, Han BS, Nam KT, et al.
3-monochloropropane-1,2-diol in Sprague-Dawley rats [J]. Food Chem
Toxicol, 2008, (46): 3172-3177.

EFSA Panel on Contaminants in the Food Chain (CONTAM). Risks for

human health related to the presence of 3-and 2-monochloropropanediol

Carcinogenicity study of

(MCPD), and their fatty acid esters, and glycidyl fatty acid esters in food
[R]. EFSA J, 2016,14(5): 4426.

Buhrke T, Voss L, BrieseA, et al. Oxidative inactivation of the endogenous
antioxidant protein DJ-1 by the food contaminants 3-MCPD and 2-MCPD
[J]. Arch Toxicol, 2018, (92): 289-299.

EFSA Panel on Contaminants in the Food Chain (CONTAM). Update of
the risk assessment on 3-monochloropropane diol and its fatty acid esters
[R]. EFSAJ, 2018, 16(1): 5083.

TV, VPERE, A, A SUMERE- TSN E Pk T 3-SR Al
2-APIBEBR & 5 [7]. VLA HIBTEEAF, 2018, 29(3): 279-282.

Qin L, Xu GF, Li B, et al. Determination of 3-MCPDesters and 2-MCPD
esters residues in milk powder samples by gas chromatography-mass
spectrometry and the pollution level [J]. Jiangsu J Prev Med, 2018, 29(3):
279-282.

RER, XFTL, A, S BRPE T FLR SRR TS YK F R A
[7]. B WIBTEE %, 2018, 45(16): 2929-2932.

Guo R, Liu CW, Yan Q, et al. Investigation and analysis on the pollution
level of chloropropanol esters in milk powder sold in Shaanxi province [J].
Mode Prev Med, 2018, 45(16): 2929-2932.

A, BT, REEE, AR FUK o SN IR T RR R Y SO (- ST R I
T3 B N S LTS YK AR BT [T]. AR T B2 Ak, 2015, 49(6):
554-559.

Li S, Miao H, Cui X, et al. Development of gas chromatography-mass
spectrometry for determination of fatty acid esters of chloropropanols in
milk powder and the pollution level of infant formula [J]. Chin J Prev Med,
2015, 49(6): 554-559.

VEIRR, BREERS, XUL0i, 4%, BL40LEC 7 Wik 3-5 I BEmR i
GC-MS e Fe B fa a2 A7 9], s E ¥ 58 3%, 2016, 22(4):
15-19.

Xu XX, Chen HL, Liu HH, et al. Determination of 3-chloropropanol in
infant formula by GC-MS and exposure risk analysis [J]. Food Nutr Chin,
2016, 22(4): 15-19.

XUBE, 8. R EE PAR-OR G- Tk 240 LI 7 7K h 44
WEERRALE I, LR S5ER, 2017, 40(3): 11-15.

Liu Y, Lu J. Simultaneous determination of chloropropanol esters in infant
formula milk powder by isotope internal standard coupled with gas
chromatography-mass spectrometry [J]. J Dair Sci Technol, 2017, 40(3):
11-15.

skt JEIER, BISFIL, AE. B LR Wik s A R R R TR AR Ty
B S B OR B R ' R B, 2018
http://kns.cnki.net/kems/detail/ 11.2206.TS.20180713.1700.014.html.
Zhang N, Zhou J, Hu SJ, et al. Research on method optimization and
pollution exposure of chloropropanols fatty acid esters in infant formula
[J]. Food Sci, 2018. http://kns.cnki.net/kems/detail/11.2206.TS.20180713.
1700.014.html.

BASPUL, SRR, SkUe, S5 TRALER AIAR-UM G- R I 2 4 LS
J5 LRy v 4 K H il AR s R IR 14 % 4k 7], KA 38 -1k 24 400, 2018,
54(7): 745-751.

Hu SJ, Zhou J, Zhang N, et al. Determination of glycidic fatty esters in
infant formula milk powder by isotopic internal standard-gas
chromatography-mass spectrometry [J]. Phys Test Chem Anal B, 2018,
54(7): 745-751.

Wang LY, Ying Y, Hu ZY, et al. Simultaneous determination of 2-and

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

3-MCPD esters in infant formula milk powder by solid-phase extraction
and GC-MS analysis [J]. J AOAC Int, 2016, 99(3): 786-791.

Becalski A, Zhao T, Feng S, et al. A pilot survey of 2- and
3-monochloropropanediol and glycidol fatty acid esters in baby formula
on the Canadian market 2012-2013 [J]. J Food Compos Anal, 2015, (44):
111-114.

Zelinkova Z, Dolezal M, Velisek J. Occurrence of 3-chloropropane-1,2-diol
fatty acid esters in infant and baby foods [J]. Eur Food Res Technol, 2009,
(228): 571-578.

R, TG SRR, A MGSTLP S R TRER AR 15 Sk
SERRERAL[T]. frihRRE, 2014, 35(12): 93-97

Cui X, Ding H, Zou JH, et al. Determination and occurrence of fatty acid
esters of chloropropanediols in milk [J]. Food Sci, 2014, 35(12): 93-97.
Zelinkova Z, Novotny O, Schiirek J, et al. Occurrence of 3-MCPD fatty acid
esters in human breast milk [J]. Food Add Contamin, 2008, 25(6): 669—676.
Commission Regulation (EU) 2018-290. Amending Regulation (EC) No
1881-2006 as regards maximum levels of glycidyl fatty acid esters in
vegetable oils and fats, infant formula, follow-on formula and foods for
special medical purposes intended for infants and young children [S].

GB 5009.191-2016 i EGbRME £ RN R KT &
EAIAES].

GB 5009.191-2016 National food safety standards-Determination of
chloropropanol and its fatty acid esters in food [S].

Miyazaki K, Koyama K. Application of indirect enzymatic method for
determinations of 2-3-MCPD-Es and Gly-Es in foods containing fats and
oils [J]. J Am Oil Chem Soc, 2016, (93): 885-893.

Leigh JK, Mac Mahon S. Extraction and liquid chromatography-tandem
mass spectrometry detection of 3-monochloropropanediol esters and
glycidyl esters in infant formula [J]. J Agric Food Chem, 2016, (64):
9442-9451.

Wohrlin F, Fry H, Lahrssen-Wiederholt M, et al. Occurrence of fatty acid
esters of 3-MCPD, 2-MCPD and glycidol in infant formula [J]. Food Add
Contamin, 2015, 32(11): 1810-1822.

Haines TD, Adlaf KJ, Pierceall RM, et al. Direct determination of MCPD
fatty acid esters and glycidyl fatty acid esters in vegetable oils by
LC-TOFMS [J]. ] Am Oil Chem Soc, 2011, (88): 1-14.

Chai QQ, Zhang XM, Karangwa E, et al. Direct determination of
3-chloro-1,2-propanediol ~ esters in beef flavoring products by
ultra-performance liquid
spectrometry [J]. RSC Adv, 2016, (6): 113576-113582.

Aniolowska M, Kita Agnieszka. Monitoring of glycidyl fatty acid esters in

chromatography tandem quadrupole mass

refined vegetable oils from retail outlets by LC-MS [J]. J Sci Food Agric,
2016, (96): 4056—4061.

MacMahon S, Mazzola E, Begley TH, et al. Analysis of processing
contaminants in edible oils. part 1. liquid chromatography-tandem mass

spectrometry method for the direct detection of 3-monochloropropanediol

monoesters and glycidylesters [J]. J Agric Food Chem, 2013, (61):
4737-4747.

GrAER 4 M)

FOuE, WL, TR, EEHRAE
AEMBEEWN.

E-mail: yinfeng@caiqtest.com



