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Abstract: To provide a reference for the market supervision and quality improvement of health functional
oils in our country, three types of commercially available health functional oils (fish oil and its products,

grape seed oil, and safflower seed oil) were randomly collected, and determined for the contamination

levels of chloropropanol esters ( MCPDE ) and
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glycidyl esters ( GE) according to the GB 5009.
191 —=2024, and chronic exposure assessment and
carcinogenic risk evaluation were conducted with

the point estimation method. The results showed

that the detection rates of 3 — MCPDE, 2 — MCPDE,,



2025 4F 250 £ S 4

T Rl

53

and GE in fish oil and its products were 98. 1% ,83.3% , and 100% , respectively, with average contents
of 1.53, 0.383 mg/kg and 0.472 mg/kg, and the total exceedance rate (EU standard) of 3 — MCPDE
and GE was 14. 8% . The detection rates of 3 — MCPDE, 2 — MCPDE, and GE in grape seed oil and
safflower seed oil were both 100% , with average contents of 0. 998, 0.470 mg/kg and 0. 883 mg/kg,
respectively, and the total exceedance rate of 3 — MCPDE and GE was 26. 7% . The exposure levels of
3 — MCPDE in fish oil and its proudcts, grape seed oil and safflower seed oil accounted for 3.53% -
4.46% , 23.0% -29.1% of the EFSA’s tolerable daily intake (TDI) respectively, indicating low health
risks. Carcinogenic risk of GE was estimated using EFSA (T, ) and JECFA (BMDL,,) methods. The
minimum margin of exposure (MOE) for fish oil and its products were 3. 71 x 10> and 0. 873 x 107,
respectively, which were above the safety threshold, indicating low carcinogenic risk. The maximum
MOE for grape seed oil and safflower seed oil were 2.50 x 10" and 5.89 x 107, respectively, both below
the safety threshold, indicating carcinogenic risk, warranting attention. In conclusion, MCPDE and GE
contamination are common in the three oils. The health risk of 3 — MCPDE exposure in the adult
population is low. However, individuals consuming grape seed oil or safflower seed oil in the long term
may face carcinogenic rtisks due to GE contamination, necessitating prioritized attention to GE
contamination.

Key words: fish oil and its products; grape seed oil; safflower seed oil; chloropropanol esters; glycidyl

esters

3-% -1,2 - Fh5(3 - MCPDE) 2 - & -
1,3 - N[k (2 — MCPDE) F4i /K H i (GE) i
FEAE T2 P s et ), 75 D K
Bl BE2E & S omad PR R . 3 - MCPDE
NI E T IR KRG SR 3 - A -1,
2 — N (3 —MCPD) "~ | 1fi 3 - MCPD E.45 5k
P CESE R MBS Bl PR RE ST
HLH (TARC) 194 2B &0 . GE £E 73 Pk
fifJa e i4a K Hah (Gly) |, Gly BA st AL #e M A1 80
PET B TARC U2 2A RS0 . 2021 4R
AT (EU) 2020/1322, ¥ & FHAS P i ( F oK
T BB SRFE B AR R G &) A AR
Vi A A AR Pl b 3 - MCPDE B & E
53k 1.25 2. 50 mg/kg( L 3 — MCPD if),GE ¥y
FREE{E 1.00 mg/kg( LA Gly 1) "' MR LH 4/ it
TAHAE ISR G L K22 5125 (JECFA) FIRRH
B %4/ (EFSA) 4351 F 2016 4FEF1 2018 4F: il
T 3 - MCPD J g i) 8 2 B H e K 32 B8 A i+t
( PMTDI) F14 H i 52 5% A (TDI) , 43518 4.0.2.0
peg/kg 77 53 - MCPD ZEH ALY 2 - S - 1,
3 - N EE(2 - MCPD) 7 #2588 i A 58 3%, i 1%
A R AT AR R .

FIME & o RS KR (DHA ) Rl ik
MR (EPA) M AT FE ) F2n A8k Y & 5 W

TR S8 SR RE AL 4), TR 3 3 Ryt g & 4E by £ (gt
1t BCHA £t A 7 ) Dotk B A TR ORI M ok
rp Al e P iU N IR (MCPDE ) 1 GE. 3 4 .
Sadowska — Rociek ™ BF 5 22 B, £ {11 B £ 4h 78
e MCPDE \GE 45435157 0.001 5 ~3.0 mg/ke.
0.003 1 ~1.0 mg/kg; a2 WFSE 7R , 40 KE
{77 MCPDE I GE, {H2, HAEI & F L= M
MCPDE 1 GE ()75 YL A i 58 88/, i R DL 2 55 1
Al 5

BT, 7 E ¥ AR 6 e 5 T Ag b H ]
MCPDE \GE FR & (% B G br . by 1 i O ik D) g
g H MCPDE 1 GE ()75 Y5 i , A GE A T 1
A Ay B | 2 RF IR R 2T AR AT il th MCPDE |
GE (75 Y 00, PEAS T XT T8 2% 35 fidt e i v 1 5
i, DA T 32 W8 A A ol o S R AR AR B
1 RS
1.1 344t

PRI RE ARG 86 £, T 2022 4FF1 2023 4F: A
FEHEAE 9 AU DX T NPT B R A Gl i X 2% 8 B
T A A T S R W AR AR ), PR o R AR L
T AR Horp A SR A 56 1, A AR
16 {7y, 2L AE 73 14 {3, FAPAS 2667 [T 45 41 4 il
(50 mL/Jff, 2021 4 ), 9 [ & 5 5 3 5 0F 5% B
(FERA) .



54 CHINA OILS AND FATS

2025 Vol. 50 No. 4

I (35 2) , 56 8 Merck 23 w5 YR (435
4fi),J. T. Baker 2\ a]; 28 (1% 4l) , Dauksan 2
H) s SFEbe BT B O OERVIEC BE (Y
ik al) AN BRRR (L =98% ) R4k AN
(2 =99.5% ) &K (I8 25% ) . ToK &
Pt STk AT E  TCOK BRER G (X At ek | E 24
WA 22 A PR 2 w5 28 5L 00 R ( PBA, 21
97% ,orAfral) , LA RAE]3 A -1,2 - N
PEbFle e 2 - 9 - 1,3 — N R IR IR TR .40
AKH AR R (4iRE ) =98% ), Cy -3 -4 - 1,
2 - N SR B (P Cy -3 — MCPDE, 4fi Jif >
95% ) Dy -2 =5 - 1,3 — N A AR IR — K (D5 -
2 — MCPDE, 4fi & =98% ) 1l Dy — A7 B2 4a 7K H i g
(D — GE, 4fifif =98% ) , %K TRC A7,

8890,/7000D <AH 233 — HREX BT A { A S5
Wke A 2 A5 (MM R 1), 6 [E Agilent 23]
CPA225D 3R (&% 0. 01 mg) , f& [ Sartorious
3w] 5 YP202 HLF KOF (J 0.01 o), g2 F)
ANAR 23 F] 5 G = S60E JE s 1B A 4, 35 [F Scientific
Industries 7 7 ; & HI K 18 5 5 & (IR R E R
+1.0°C) ;SHA - B {HIR/KIBIR G 4%, LIRS KA
ARG A, B LR AR A R WA, i
L% A Tl AllegraX — 1SR B .0 B, £
Beckman 2\ #]

1.2 %ok
121 i AR s i d2 B

Z:7% GB 5009. 6—2016 H i 7K fif 1 I w in & ek
PERAIHR AR FE SR AR T . PRI 1. 60 g (K51 2
1 mg) fH#I K T 50 mL BLOE S, A S mL 65 C
2K, eI AT, TR 3 mL 20K, W iE , 78 65 °C
K TR 30 min J5, B2 FHEEHR. MA 8 mL &
Pt eSS A 15 mL Z ik, YR 4% 5 min, SR J5 A
15 mL Ak, Q8 ZE R FE 5 min, & RRE R ST)E
Ja BB L EE R E S —BOE T, TR ZKAHELG
EHFIMA BRI EES 15 mL, EE AT K,
HIFAVIAE, T40CFRKRZE T 5,7 102°C KT
fE1 h BIARAR G, 25 FH o
1.2.2  JEWjkE S+ 3 - MCPDE .2 — MCPDE Fi1 GE
A S

e GB 5009. 191—2024 2 558 — = 2+
st 3 — MCPDE .2 — MCPDE ( 1) MCPD i}) il GE
(LA Gly i) iy it
1.2.3 3 -MCPDE I GE JiE& 21,

2 - MCPD KRN ERTR B T 8 B Bl AN A2

W A HE ST AR R FAE , A FEAS AT KU AL
AHFSE R F S PEAR 2 - 314 3 - MCPDE | GE 1
ZEFE K F, Forf 3 — MCPDE (1 f B XU 3 3 5
EFSA |5 % 3 - MCPDE TDI(2.0 pg/kg) %J [biF
i, 243 - MCPD 12 5% /K F- KT TDIL B, fadt o AU
ST s GE Y ft Fie XU 38 2o 1 55 2 &5 i FU(E
(MOE) " 7 S Ay, 43 I3 T EFSA 5K AN
KR T Gly 518 25% Mg & & 215 i
Gly FEMEFEE( Tys,10. 2 mg/ (kg - d) ] Hl JECFA £
TR M4 Mg 2 A2 2 10% 1) Gly FEMER &
95% &{5 X [i] FFRE( BMDL,,,2.4 mg/ (kg - d) )i}
@ MOE, 5% 24 MOE /NF-2.5 x 10* ), J5 %24 MOE
INF 1.0 x 10° ], 7% X A AT 7 B0 KU, 17 1
ek P FEH TS Y B R KN £
il S PRk B U A PR AR R
1.5 g/d, e RGN 3.0 g/d, T 2 FF il A 214
FmH e k(b EEREREM
(2022) ) 7 HERE B A £ R I SRR AR 30
g/do AN[EAEIE N HE A BT B 48 ok B b [ s R
BERESHHEAR (2023 ) )™,
1.2.4 Hmabr

JH Excel 2016 St it%4s , A4 i EH % M WHO
AR IR B 2 R R R o R A L
BIA KT 60% I, A Bt FHAG: i BR (LOD ) 1y 1/2
T, YRR AR i o SRR B i Y KT 60%
BF, ARG H B T LOD TH5 . BRAFEE UL AN, il
S B LRI
2 HBREHW
2.1 RAEhseEH g+ MCPDE A= GE M| & 7 ik )
e e i 45 )
2.1.1 JrERaE

GB 5009. 191—2024 25 — 5558 — 3= it 36 FH L
HGSh Wi ig A AR DA S B LT B A, R
BRI BT o, 760 12 A J7 32 1 T A HE
i AR ZLAERFI A I BT AT e . ANt
552581 |3 F5 Y4 (3 — MCPDE .2 - MCPDE 1 GE)
[AG H FR(LOD) (2 & FR(LOQ) #4351y 0. 03 ,0. 10
mg/ kg, S5 FHEAFI AL AEAT AL 5 H bR TS
P& i, R AR BN 3 (FZ23204 ) A1) FE K
M (FZ22170) 4 S - A7 Inds 52 45, e ob fa3h FOR
Wrp 3 — MCPDE , GE 47 4 %4 0. 075 4.0.066
mg/kg,2 — MCPDE A4 H | MRSl =+ 3 - MCPDE |
2 - MCPDE il GE #Kk%q o &1 Ry i 3 e 4 7
MR (0. 10 mg/kg) T InAnmy Gk, & 1 A]
A2 H BRI BSR4



2025 4F 45 50 % 45 4 1] oy i 55
3.00,, 501 351 (¢ miz 196>149 3.0
. 25 (a) ml/z 196>147 . 0 (b) mlz 199>149 - 3.0 (©) 4+ 25 (@ m/z 201>107
=] =) <25 =
520 = 3.0 =50 =20
Zs 2,, £1s /z 198>149 g1
AN 198147 H L miz 201>149 217 miz 21 - 2032107
=05 ‘ 3-McPD ‘ °C-3-MCPD - F 0-2 __2-Mcpp - F 05 ‘ D;-2-MCPD
.15 9.20 9.25 9.30 9.35 9.40 9.15 9.20 9.25 9.30 9.35 9.40 9.359.40 9.45 9.50 9.55 9.60 930 9.35 9.40 9.45 9.50 9.55
it 8] /min I [E]/min ISt [E]/min 5} 18] /min
8.0
30T () miz 240>147 01 n) mlz 245>150 (&) mlz 249>149
w40 miz 242>147 = 3.0 mlz 247>150 = 6.0
= 3.0 = =
& = 2.0 Z4.0
520 = 220
Z1.0 10 = 13¢,-3-MBPD
o ‘ 3_MBPD ‘ D,-3-MBPD . ‘ 5
9.65 9.70 9.75 9.80 9.85 9.90 .65 9.70 9.75 9.80 9.85 9.90 $.659.70 9.75 9.80 9.85 9.90
I il /min i [il/min [/ min

#:3-MBPD K3 -8 -1,2 - [§ _J&
Note: 3 — MBPD. 3 - Bromo - 1,2 — propanediol
B 1 jntx0.10 mg/kg &l #EKEF F 3 - MCPDE.2 - MCPDE GE X H W #rEy &% E
Fig.1 Chromatograms of 3 - MCPDE, 2 - MCPDE, GE and their internal standards in fish oil soft capsule spiked
with 0.10 mg/kg

21 J94E 0.10 ~ 1. 00 mg/kg 3 [l P (31U
MCPD \Gly i) InbrsE g 45

2 1 A, fagl T MCPDE #I GE ffins [k
R4 95.7% ~105% ,RSD Hy 1.26% ~10.20% , #i§

i % FH AR A9 Ibs [ R 91. 4% ~ 103%
RSD # 0. 98% ~5.83% ,#§ 4 GB/T 27417—2017
CHMVEE LT RIS E RS ) SR, 13
W32 5 T AT 5 AR P R PR 5 L

F1 &HRKEMFNH S 3 - MCPDE,2 - MCPDE # GE §yintxE KR MBI IRERZE (RSD) (2 =6)
Table 1 Recovery and RSD of 3 - MCPDE,2 - MCPDE ,and GE spiked in fish oil soft capsule and olive oil (n =6)

- EERTI K RS I
fea (mg/kg) S/ B %/ % RSD/ % S [ERZ S % RSD/ %
(mg/kg) (mg/kg)
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Table 2 Overall contamination levels of 3 - MCPDE, 2 - MCPDE, and GE in 54 fish oil and its products

i/ (mg/kg)

R ¥ P50 P90 P95 P97.5 /M YN ] EEES
3 - MCPDE 1.53 0.321 3.72 10.6 11.3 0.0320 14.10 53 98. 1

2 - MCPDE 0.383 0.0652  0.426 3.04 3.51 0.0322 3.80 45 83.3
GE 0.472 0.204 1.14 1.64 2.63  0.0405 4.29 54 100
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Table 3 Comparison of 3 - MCPDE, 2 - MCPDE and GE contamination levels in fish oil and its products from 2022 to 2023

3 - MCPDE 2 - MCPDE GE
ElyOREH iy R P Y Wi Rl
A G % * G % * R
(mg/kg)  (mgkg) TFT k) (mghkg) PHF T k) (mykg) A%
2022 29 0.631 3.95 100 0.105 0.435 79.3 0.566 4.29 100
2023 25 2.58 14. 10 96.0 0. 696 3.80 88.0 0.378 1.32 100
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Table 4 3 - MCPDE, 2 - MCPDE and GE contamination levels in fish oil and fish oil powder

3 — MCPDE 2 — MCPDE GE
FEfh PR s BRI/ CY VAN SN YISV SN
~ G R/ % ~ G R/ % x G R/ %
(m/kg) (mgkg) TAFT kg (mgkg) PEFET k) (mgkg) R
fayh 49 0.529 3.95 98.0 0.087 3 0.435 81.6 0.409 4.29 100
fh I E R 5 11.3 14.10 100 3.28 3.80 100 1.09 2.04 100
AR " 5 2.06 3.07 100 0.598 0.828 100 0.221 0.39%4 100

T o« FRLEEIT
Note: * * In terms of food
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Table 5 Overall contamination levels of 3 - MCPDE,2 - MCPDE and GE in 30 samples of grape seed oil and safflower seed oil

e o (mg/kg)

R P P50 P90 P95 P97.5 B/ME Bl Rt/ %
3 - MCPDE 0.998 0.678 1.47 2.34 3.63 0. 150 6.38 100

2 - MCPDE 0.470 0.285 0.708 1.23 1.96 0.062 0 3.30 100
GE 0.883 0.749 1.72 2.33 2.98 0. 146 3.54 100
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