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Abstract: Food safety issues, such as contamination and excessive chloropropanol levels, have attracted extensive
attention worldwide. As the most common representative of chloropropanol food contaminants, 3-monochloropropane-1,2-diol
(3-MCPD) can be found in a variety of foods, such as soy sauce, vegetable oils, infant formula, cereal-based products, and
coffee, rendering its intake unavoidable. Ingested and absorbed 3-MCPD residues are distributed to various organs and tissues
via the body’s circulatory system, thus causing health hazards. 3-MCPD exposure elicits various toxic effects, the main ones
being nephrotoxicity, hepatotoxicity, reproductive toxicity, neurotoxicity, immunotoxicity, and carcinogenicity. Although

extensive research on the nephrotoxicity and reproductive toxicity of 3-MCPD has been performed, its complicated toxicity
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mechanisms have yet to be clearly elucidated. This review article summarizes the physicochemical properties, sources, and

toxicokinetics of 3-MCPD, with a particular focus on discussing the progress in research on its toxicity and mechanisms of

action. It provides a foundation for understanding the toxicity and control of 3-MCPD offering valuable references for the

prevention and control of food safety problems caused by chloropropanols and assessment of their health risks.
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Table 1 Physical and chemical properties of 3-MCPD
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Table 2 The contents of 3-MCPD and 3-MCPDE in different foodstuffs

ES A5 AR 3-MCPD 4% /(ug/kg) 3-MCPDE 4% /(ug/kg) 4AF ik
¥ 9.08~1 304 [1]
Pk Hih <2.5~61.3 [14]
b, B, b, ARk 9.0 +1.5~122.3+41.9 [15]
FRAAT 20~440 [16]
kb 50~370 [16]
AFAE b 2630 [17]
T b 60~212 [16]
BTk 1 443~1 584 [18]
AL 160~1 690 [16]
b o AR 94~661 [19]
A Hh 140~1 170 [16]
Aigdih 521~2 854 [19]
Hih <100~16 418 [20]
& i 340~413 [20]
B 5T i <100~150 [20]
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TR <10~296 [19]
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B 45 )L T 4y 3.4~65.0 [24]
BOLF 44 (JF) 2~26.5 [24]
BILA & BOLFHs 4 (HHF) 59.6~102.6 [24]
L4 Ul 7 by 1.7~362.9 [25]
5L 1.2~71.3 [25]
FEHE K 1~4 000 * 120 [26]
LR HEEL (REF oK) <20~685 [21]
F ok <10~50 <20~146 [21]
EgcR R <10~246 <20~164 [21]
A E | 5 ap. e, ZR 136.5~495.0 [27]
TR (A5W. KR, JLER) 2~103 [28]
5 5A 5N 30+ 10~1 300 % 440 [29]
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Wistar K B IIE A 23 55 140 JFF 40 B 2 14 i s el R B
3-MCPD i T 41 e 55 1 5 ROS /KF T+, £k
b A B AL A e, DA A TS S RS A
o HeAh, Lu 257Dl HepG2 40 NAF F Xt 4, &
I 3-MCPD T LI gt 400 i 75 i A 114 2y i Sk FEL BBy 9 Wik
e, MG .

44 AN

P ARIE, 3-MCPD f #E (7] 1 FH 1 58 AL A0 B 52,
I BT DLZE G i 22 B e B AR TR, R
AR 3-MCPD £ 75 51 2 1 1 52 AL R B 52 H
PR P 24545, 36 A1 72 mg/kg 3-MCPD % 75 1) 1
PER BRI 2RI 22 840, AR /INE BRI,
AEFEANM BT, B ST WA [E 4 . S iAk
S bR AT, PSR R AR D RN 2 G S
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WU, KA IR TR, R ORIKE 2 mgkg
1) 3-MCPD 1] 5| 2 it P K B 58 L 25 48 A 2 ik 61
B Ah, I W %% 3 52 18] 53 40 R 1R R0 S 1 n e
3-MCPD % & i 2 5% b 7 477, PR AR FL3h 4
YA E T, HORHE R T 3R, W FiE Tk
FEBhe )T N R, WIS, i 5 3-MCPD
SR IR RS R AN Y, Kwack 7RIS T
3-MCPD X B A& g2, KL 3-MCPD 5%
RS . SCBCHREL. A B SR BT AE 3G i
TR, IR REBEUS R RN 2 .

LR, PEEE ZELIE 3-MCPD % 3 A5
BT REEEZEEH. 2RRFEN AL E
FUIE RGN RE RS AR ST, SRR A BT 4R IR
HMEPEAE BTN RE, ARSI FE R I 3-MCPD fg #lil K B
S2RUIA) PR 4B R2C FRGE e, FLRZ e 2 i 22 R ) &
B kR 22 MR T 10 mg/kg 3-MCPD £ 72 12
JE J& 2= 51 /0 BRI H OV R A 2 W T R, R
AR MG R T, FBRNBEASEEAL, ¥
M) kg A= B I 2 3 T 3 ARG 1 T B T B R 52 R4
. BRI, 2T 3-MCPD 5| i 38 3= X EL I o
LRGP, Xing 2RI 3-MCPD £5% 4 )5
RS ONE IR E 1T 2 ALY ) S i I 1P
TEPEMRIEER . OF AR A B A 3R KA 5
W YKE 7 )G, SEEAZEE KRR Y, B4
AR IEYE . NS THE R /1T B DL e 2R 4
I, BEHT 3-MCPD X A5 5 G 7738 BRAS T 38 4 453453 5
HS5MWEET T HILHEN, 3-MCPD X1
KA H I BT YR KT 2. 5
— T FE 48 H 3-MCPD ] R i ik 40 il yek £ 43 24 1 15
DAL 7~ 1) 43 WA FH T HI0 SR 240 PR v 11 2 A5 5 A% S T 407
FREFRE,

A —J5 M, 3-MCPD 4 5 3 M I PL &) 5 8 7
A et FE R ) A L ORI AR T I R A G A
&, 3-MCPD % 3 A &2 1 AL, 4 il 2w
P fif, R 90X b AR I B BT 75 1 e B OR TR
Jiang %R H 3-MCPD fi 411 ] 52 A1, v 1 2L R i A
B 1, 3 ECRE B I AR R D, AN R DS PR T
A p. T H, 3-MCPD & #EELPL A R G, T3
S2ALZH 23 GSHL S A B 45 Bt H K (Glutathione
Disulfide, GSSG) H1 SOD yH M F#K, 8- FHIEMA Y
1 (8-Hydroxy-2’-deoxyguanosine, 8-OHdG) 7K1
. Sawada 2577 B B 1157 4 2B ARE SEH i 1
fift & 2 AR B R ML 2 —, JF H 3-MCPD fE
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S 3 N E AL RO AR B4 DI-1 S )& . Buhrke
SRR T AR RN LS R, 45 DI-1 AT RgsE 3-MCPD
BIEEH WA ED . 5 — Bt 5T Bz F -E2
FHIREF 2 (Nuclear Factor E2-Related Factor 2, Nrf2)
552 515 3-MCPD i# T i & Ak B 3 Y,
Moustafah Z5HIESE Nrf2 (354 5 1 5 2 AL 5 AIAS
ZEREFE IS, 3-MCPD #5514 5| it 22 247 v 40 B I
(Mitogen-Activated Protein Kinase, MAPK) 15 5 1 %
EEHMBR L F LA ps3 RIE N, G
M T A AR BRERG T, Ah, 3-MCPD i RJ BLE
FEAK B 52 22 H'-ATPase FIRIA 5] #E pH A RIS, M
TP PRIz shEE ™, T ES B A
PE4h, 3-MCPD %8 &% S U8, Cai 2R H
G R A PEAL T 3-MCPD R MEEH, R BILIK
<10 mmol/L i}, 3-MCPD LA & ik it 77 2051
RUBAFIE 2T R, R AT RERG AR B IR
5%, X 0] g i 7 S FE AL RO R . 25 E,
3-MCPD 5|4 ERIHLE] A 58 2 B, 075
— BRI TT, DL &K I 3-MCPD 75 5 A2 FH 5
PRI FE R PR AR S Hr
45 fikEE

3-MCPD % & 3 B G 2 35 PE D HUE . Lee
S5 PE Al 3-MCPD X i P Balb/c /N B 1) % 7% 75 B
2VER, &I 100 mg/kg 3-MCPD % 75 175 T i fi &
B R AN R 4 B Bk 2, IR BRI B AR SR A A
MG . BE— DT 50 R BLIL 5 5 I R 25 45 vl e
F& CD4+CDS8+ Hil] [ 211 Jifa M7 7 sk 21> A1 4 i 98 7~ 28 4k
45 BB, Byun 2V 5 HE 3-MCPD 8% 75 &
A0 AR /IS B4 PR I R 2 R 4 L) D e, SRIAE
MH| JJ S8 H A (Concanavalin A, Con A). CD3 #i
PRFIG 22 75 S 10 L0 B 1S 5, 3% {0 A 400 i 44 o )
F T & -y (nterferon-y, IFN-y). H 4l g /> & -4
(Interleukin-4, TL-4) F11L-10 f5&, LALLM fig
Jizs LW 41 P9 — %84 &0 (Nitric Oxide, NO) i
WHER T @ (Tumor Necrosis Factor-a, TNF-a) 7=
4. Guan 2™V Bl 3-MCPD #] LA & 2 #l1 %1 Con A
S0 T AAEHsE, LA Thi/Th2 4R+ (FE
IL-2. IL-4. IL-6 F1 IFN-p) /=42, XFpfEH ] fg
WL 4] Ca’/ F5 P #& (Calmodulin, CaM) / #% [
F -kB (Nuclear Factor-xB, NF-xB) Fl Ca®*'/CaM/ 45
R B (Calcineurin, CaN) / 354k T 41 fi #% A 1
(Nuclear Factor of Activated T Cells, NFAT) {55
FEARA 1

46 MZHEMN

TN 3-MCPD AMU iz s A AR, T H
BE 2L M A B Y. B SRR B, mIKE (mmol/L
2D 1 3-MCPD % g = TR AN = A #, 1f
H, KWREET 3-MCPD £ %t 5256 5 ¥ 3 i 4
BRI AN SR AT LA, 54 R AN S R R
SR, Kim 25545 78 B OR 3-MCPD 7ERIR (0.1~
100 pmol/L) 7K F F A 2= 5| &k 4h # & #E M, 1M
H, #2511 8 %7 T 30 mg/kg 3-MCPD [ K i
H R 4% 3 b AT N I Bk BG, BB 3-MCPD 5 5
S B R S5 R EE AR K. Lee ZMHH
B6C3F1-non-Tg rasH2 /N R HEAT N A 28 d 155 T
J, (EFE =50 mg/kg 3-MCPD 4b B /) i, oW 52
B 2 2R 25 Ak DL R AR B A I B IR A, AR
. BT, RFTHEHEOEANLE N D HE
fRi&, 3-MCPD 53 1) 54 4 8 Ve o R R T
N BRANR R R IR B A i ™, I 38 B Ak A 4 il
B AT FEACHHA S BT, — TR RRTE 10
A1 30 mg/kg 3-MCPD IR T, FrE:4545 13 )5,
R BR R B J2 R0 SR A Hh g e 22 23 1 0 RS s 222 0
A —H AL A A B (Nitric Oxide Synthase, NOS) Al
3 H NOS I RIE 7%, 194518 /2 3-MCPD
FRHMEEMERTRENOGSBEEILSA
K — T 7T B g Y 3-MCPD £ 5 1] LLiss
S Wistar ALK B4 L BT, 2 Lk,
3-MCPD iU & Bt S HAHSH AR RN T o

4.7 BEM

H W9t 3 B 3-MCPD W] f# 5256 s W) B0, I8
R H K 45 7 F344 K B 3-MCPD 23 34 i 5 4 5
N ORI R A P — TR 2 E O K A
24 Sprague-Dawley K U 7T . 7~, 44T 400 pg/mL
3-MCPD ¥ E P R B[] B A2 Y /0N A e i s A 2
FUIRD TR AR AR, PR K B /N TR R AR e s,
B 3-MCPD H A B & 1) 80 . SR, EASTH
m RN R AR T AR R, =R 30,
100 1 300 pg/mL [¥) 3-MCPD 3 i 1 Fl K 3E 4L 45 24
B6C3F1 /N iR 100 d, %A J5 F 45 T 200 pg/mL #F 48
2] 104 Ji, HLVRH AR KL 3-MCPD 5| & B I
A, DA K JigRg A e o AR AP AR, Lee
£=00%F CB6F1-rasH2 #5 [H/N 34T 7 3-MCPD 26
SIS, KIN 3-MCPD 7E S5 7 T A £
B BUR . 45, 3-MCPD [ 76 SiU8 o1 7T
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REEA i RAW R . T H,  MECE R I
PRAE 45 2 W] 3-MCPD HL 2 5 BN 8k 8 1) &
5 {H 3-MCPD £7-7£ 15 AW FLh ) A A e A2 (A AT R o

48 Hesl

O IF 1 72 3-MCPD & PEAE H B9 48 28 B . Lee
2518004 58 100 mg/kg 3-MCPD %2 28 d 22 S50/ i
O VR R A, AL R0 FE S R A 2% B R O LT 4 1)
YA, A A A0 MR E . Schultrich
ZEPE b R R 4 R R R TR B AR A R
07 TR AR i3 45 e AU ) 50 DA A AR A I T g
3-MCPD 520 iE# R ALE], B AL N s E4)
DI-1 BAFRB R E L. Yi % @it 3-MCPD
CREIREEN 2 pg/mL) F475 N\ J5F & ik P Bz 200 i A
A, R I 3-MCPD i@ it i AMPK/mTOR/Unc-51
FEPLEE 1 (Unc-51-Like Kinase 1, ULK1) 18 5 &%
AT 0 EBERERBET, HET T A N B 4 43

3-MCPD H A iife# . Turkez 25" DL A AR
MAHM R, RIKEN 11.12 mg/L ) 3-MCPD
AbEE 72 h 5 GRS SR, SPUEACRE TR,
TP 7K Gt A A8 26 F0 8-OHdG 7K Tt =i,
F B 3-MCPD fie i AU B . 8% 25 AT S 0 40
o ZHURSNE AL REEIRLS CRFE ST T IR
| POREAA I A L UL IOk e €0 BALAA A8 /0N BRI B2 93 1
¥:) UESE 3-MCPD H A5 it A% 5 ol sl g 48 107,
765 40 B AT A B R R G tAE 52 3-MCPD £
1% B DNA 4545 LA R st 3 DY . M, RN iR
F W] 3-MCPD (758 <125 mg/kg, MEEIES) 7
BalbC /R 1 %G 5 S e # Y. 78 5 — TR 5
W, F344 gpt delta KR LA 40 mg/kg 3-MCPD )71 &
MRS 25 4 i )G, RS EE B AL 2 A R R br
AT, HET, 3-MCPD S8 44K &1 BH 4 A4 Py B
AR o T DA SR A8 T RN R RN, (B K
3-MCPD i S8t & B M AL HIIE 75 33— 2D IR &R

Ak, 3-MCPD G JE 4 2.5 F1 5 mmol/L) %
& 1] BEIE I 5 5 UL A A S IR Y R R A
SR )R B LA B LA 46 . 20 meg/kg 3-MCPD
T 8 JH 5 2 it Wistar A BRI i 20 s il 41 3
I A i T B R ) 2 AR AL R, X T e S
B R R A .

5 HWERE

3-MCPD fF 9t R N SR B i is e, A
IRl SRR T SRR, AR
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FH A & Rl B0 T e BT e A4 0 A
filr, FE 3-MCPD 3 DA H X A AL s 7 11 i
K. B, & BEE AT 3-MCPD 181 K A
ML, DA A R T BE T SR, X TR
1 NF G2 3-MCPD FpPEAE LA HEE . B,
KT 3-MCPD (1) & #BF 7RG BT T — 2 MR,
{HZ%F T 3-MCPD 7EM AR N AR #E . &
PE KA FHLE I A e s 2, A JE AT LA
LR 4 AN EATIERN : (1) 3-MCPD 7£AEW) K A
0 R N A A P (AR AT S R R LR BB S AT
BE— 25 R NFIR R ; (2) 3-MCPD [ 35 AL i
Aot , WFRAESE 3-MCPD % Ak B A B %
PE. BFEEME. AEREERME. . WAL EME.
S e AN L B, FL T R A 3k 0 o) R
A AR SR RARIG . 5 S
o ARG 0. AN, T SRIEE
R, H Al AE 2 3-MCPD 7MLk P 2 5 A7 75
R S VER 24K, 3-MCPD & 4% 25 M AE A 11 B804
WA B, SR (3) AR H 1)
3-MCPD 1% 5 4f ffd 25 P (19 2 T WL 5 304 209
RAENUE A TR R AT Z B (4) 3-MCPD 5
eIz HJovkmE b, anfer T AT BRI 3-MCPD XL
R FIER,  DLRAE BRAIE s o 16 it 2 AR ) K
BB b, SRECEARE R i R IR B R
H1 3-MCPD 5 .
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