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Research progress of aromatic hydrocarbon mineral oil in infant formula
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ABSTRACT: Aromatic hydrocarbon mineral oil (MOAH) is a mixture of hydrocarbons derived from petroleum,
which is the general name of a class of compounds composed of polyaromatic hydrocarbons. This kind of
components widely exist in the biological world and the environment, among which food and recycled food contact
paper contributes the most to the exposure risk. The polycyclic aromatic hydrocarbons (PAHs) containing 3-7
benzene rings have been widely concerned for their carcinogenic and genetic toxicity. This article reviewed the recent
risk events of the detection of aromatic mineral oils in infant food and suggestions of risk management, and
summarized the research progress and detection methods of MOAH toxicology. It analyzed the advantages and
disadvantages of each method, put forward the prospect, in order to provide the reference for developing a more
simple, accurate and high sensitivity testing method for aromatic mineral oil .

KEY WORDS: aromatic hydrocarbon mineral oil; infant formula; detection

Vol. 11 No. 19
Oct. , 2020

il

1 5

A0 2 — o S 22 0y B0 R Ak 2 B A AR B e
B KRR AW, MRS 701 G5 T 3 D L Rk g ik R
PR, R Y — S A 15%~35% 997 52
L7/ R R AR RN BT e e e SR TR 7 R T R
/M TR TR A P AR AR T, IRk
H 55 e i AN U SR IR TR b ST ), B R

9 AR R B bR, B R AE R FLR SR AL,
FAAE—E FEJE B B2 5, SO Bogr i b o B i Y 2
JCREGL I o

KT 05 B S ) 1 HE B E WA XA, DRI R
A E A AR BRI, HAF 7 W AE 1) B0 T A g A% 3
YERTRERIN NS A 3~7 ZH7REY), Hi%KY 5
Y%, VREAIDE SRR AR R B =, DRI o H A A v
TEIE -

“BITWEE: S, TR, FEOFR 7o E S LA 5 a4 . E-mail: canyi@ausnutria.com
*Corresponding author: YI Can, Engineer, Ausnutria Dairy (China) Co. Ltd. Changsha 410200, China. E-mail: canyi@ausnutria.com



6836 1% A T R A

81

Ak, J5 B Wb i S B AU AR T A
WFF, Aol = B AR I fe sk T B — 2 R, B
HIE FH 07 R ) 52 R i A 3 L 1R 25 U s AR 4R 1Y)
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hydrocarbon mineral oil, MOAH) 43 %5, FID #5:il K 46
HAr i, E— DR uE R I BTk . IR B D5 XF
MOAH HEAT B A 2B, Rl ik diss A B RRE, A&
SR B R A i 2R LS 5 B Ak PR O R T i
B4 PR A a0 47 7 B (R0 JBE,  XoF R L S A 5 AT A I T B
S, AR N B LTEE 5 B AR oll % A DG XU Z 1 4
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Wi (Mineral Oil)J& 5 iH £ 1 ¥ B oy B FAL 255 4k
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AR R A R0 Ym i A IR SRS AN %),
ok A R ALV AR TS e, ToYk R T EALRE: &
SR T AR, I R B . SR e B
fRERL, BIANRRAS . Jh AR . DR, ARSI, RS
&, GO . Aol S A, LA S A R S
T2 i FH AR5 0 00 5 2w R R A KUY, i v A A
MR P, P EERR Y ma>SY>E 5 2
KE S >FH P> 0 2SR Sk >Thbr> B i Bg, JLTAERTA Y
T A s Y, USRI,

5B Wi 22 MOAH, {H % LI J7 £ 5 b
MOAH [ fgk B F e T igis 4y, Wwalfesk gin L
AR TSI A RIS 3, A ATRESR A TR0 8
{75 et B R A B XA RE ) MOAH 2E47 4G
W, Rt h, FHCERTREESS, HAbL 5 ARRE FAES
AN

3 REEHRLERY

2019 4£ 10 H, f#E FOOD WATCH '3 H7e ik H |
PEIEFA 22 17 350 65 10 23 S IRy A Y MOAH, A6t
1977 i MOAH 7% 5 0.5~3.0 mg/kg!'.

2012 4, [EPRE AL TR IR 22 01254 Hh R B
0 5 N K %4 $5 A i (acceptable daily intake, ADI)J&
0~20 mg/(kg-bw). BRI EL hi 224 Jm A 245 47 it 4
REBEAT O, JFUCE ok BE B Ml AL ORS BEB 4530 ADL Ry
12 mg/(kg-bw) ',

11 71, EFSA KA A A B B 2 D KURs: Al 41
5 (rapid risk assessment of acute public health events)!',
MOAH T REH & A 3~7 H ¥ HF RIS (3~7 ring
polycyclic aromatic compounds, 3-7 PAC), i 24 G a1t
ANEUETE . 25 RO RS0 %8 (8] 73 A 07 12 22 0K, EFSA
W3 K JE TR HER DAL S LRI X1 MOAH. 1) B i K
5, L LT BEAFTE B i 110 2 50 KUK, 2% 0 YU R ) 1 2 K-
F1 95% K- 514 0.8~44.6 pg/(kg-d)Fl 1.7~78.8 pg/kg, K
WL 3~7 PAC Zx i A OCAR Bl o R £ i 5 sk DXL T 2
%t (the rapid alert system for food and feed, RASFF), & AiF
iR ATER L LERIE . BEE YR PR T MOAH 5%
B, 0y R AR, Je s IR TS Qe A, SRR
AU 5 0 s T A E ™

12 1, 2R 37 B 48 R A O T S8
S TR MR R L Z ) U, BRI
L, WO B LA R AR I5 B8 i R A4 0.05~
0.18 mg/(kg-bw)o “NETI LALAMT SABIRAER L5 B
FIWr, HILRAT LI Wi i 2L, AT YA
e E A AN Z . B, R LR T & A
MOAH A FERFEE T R T 2 B R

T B TE B A PR R TR Y, EE AR
A SREGL A SN o T ER AR AT S B
R W MOAH H %6 H NAMERE, {H ADI 52 #4561, ik
BLLWA b IR Wi A A R ST S, B R AR XL
SRR AR OCTE . E W B AU IEZE R e T B i P
YIS, R XU

2018 4F, Hf [ [ KA i L 4 KU BRA O AT N B
DI L BB E ot 4, R T E2Y L
(0~36 ) B P 22 58 1 AU PPy, & B0 LA 52
ANBEO~6 NHZIL. 7~12 HBKREILF 13~36 1~ H JLE)
15 % 78 KT (P=95) 1 % 85 B AH 43 7l o 43.90, 53.97 F
102.81 mg/(kg-bw). 0~6 N 7~12 7 2 NS B R
fH/NF 100, R 2R L) (0~6 N H ZILA 7~12 A B AR
JLYEE bt B 0 2 25 1 e XU A I Ao )

4 MOAH HiRi#HR
4.1 REMMRHERE

4.1.1 HEFHR

EEXT i 0 S B PEAG B8, MOSH ik B8
TRPUAE H LA AR & B, 1 MOAH 1] B8 HoA JE R #1k
MEUEME, TR, FEARE £ 3~7 PAC T HAT it 1%
FEMEFISUREME . P MOAH %o AR 1) J32 5 1) o8 i 27 )
Sl

WFR R L fp B R85 3. 4- 05 k&
AR, HAYIEMEMN RGBT DL, 0 AR
FHOCRE LA RPN B AR W B =, CAREIEEA ok
H T scss, Pt Br bl Ha v A de 4 KU T A7 e R
AN, AT BLGE— AN IRRLANE o 6T MOAH Y3
205, Shopp S MRS T— IS, BEXHIEME SD KR
HIEAT 0 IRTE AR F IR, — A% 0. 125,
500 mg/(kg-d), [RIASH—4Z RS 0, 30, 125, 500,
1250 mg/(kg-d), FA7EH . HRSEHH 500 mg/kg AR
WEZ R A i 280, 125 F 500 me/kg 120 4034 . 1l
212 [ Uk B RD 21 240 B BR B 2 R AR, 500 mg/kg 2H 1A A AN
I /INBE G S Rl o B T S 2 U B A ] 1) 26 4
A4 Mackerer Z" g CD-1 /NP S 56 4 R . TR0 K
FE W FRAR, MR ZACE RIS E A SRR
412 AEHEH

— TR X DU A ZE (tetralin) OB 5E /R, A & B0 5 4b B
HH S M BAET, R LI AR IR 20, A= 58 2 1 R fil 52 42 )
%[21’22]0
413 HFEH

MOAH MEBURPERFRI Nz, A R UEIE R I
1 1 2 Fh 23855 1240 A W (polycyclic aromatic hydrocarbons,
PAHS) B A FUEE, [alAF—#F 4> PAHs Y BUR M 80 2
TE UL SCRRDS 20 B ke Ak i) MOAH TGt L dk, JLsUs
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P, (HER LG Y e FE L3 AL TR AL S W RIBUR TR AR
BEPEIEHER -, HR i B ., Wi — A
FE B B R AL 2027

414 RFEFM

TEFEIMUERE W] MOAH %558 5 Xt S MR R AR
F S e A7 (L B AL VR, ARG S S0 R WL e s &
Giok [ B e (AR R, R RS O B R )R s R G
FERIGHIFTE, AT AR TLIS DS 4 25 TS 40
PR,

42 WNFHEMRIER

MOAH #H AT LAIE#A ] 1990 4F, R FHE R kE
B9t 1 — 3N (dimethy] sulfoxide, DMSO)#E#,
W RAE LR, HACRAR, (A BR A bR e 7
- EE, 2 2018 AR IS by 20 Kk
WML EST L UV kil 230585105 P (polycyclic
aromatic hysrocarbons, PAHs). bl & 5 25 %045
JSOBHR ARSI 7 ik, JEANTE TR i E) MOAH 254
TP, 1991 4, Grob 25D — U AaE R FAE L I
4 3% <A 3% BC A (online  high performence liquid
chromatography-gas chromatography, LC-GC) J5 & W &
MOAH, 2015 458§ £k [ #H 2 U< 5 6 A 72 (solid  phase
extraction-gas chromatography tandem mass spectrometer,
SPE-GC-MS)J5 ik B A L B AR AR T i
421 HFSHATAE

MOAH [FE L BIAL I, WA B 7 BIBRIE, $84E A 5N
HEBR— PRI BB T30, Hodnskedatbtl, MrAbdm LA | #6
WA NLE SR TG g o IV ke BT A SR AR RRE L TS g, AR
Kl

M H LAE COREAE SR IR, 4 IO 28 Ak 15 sl R W Ak
BB 2 leSE T, RBEER H Y. R4 MOAH 5
MOSH  [B] {555 BORR A 22 531, 3 2ok 780 o JE s R0 o Al e,
BIGEE AL, TRE B H Y. ARl B AT DOR T B
FEEHT . EAHAEIOGH:, o n] AR A RE AT AR €3 5
A I S

MOAH 435 2%, Joikxd AN & W AT 53 B F
WE, BUAHARACREN & 1%L 1 Bt o B o) s P ik
T BT B EARARMERG s 73 B . GC I EUA B Tk
Il #% (flame ionization detector, FID) ki@ FHAEAG 2%, FHA
REAR S ) S0 L P A R o3, DRI BH 23 2R T DL 4 — 4
A 033 5 3% B 1 AY (comprehensive two dimensional gas
chromatography tandem mass spectrometer, GCxGC-MS)ik
FIfiAle,

H Al ARSI 5 25 ¥4 X% MOH (A7 30X, P i (7%
3% MOAH 5 MOSH 7385 . BFXFPERIF2 I MOAH, H
M BT R TR AT HERR, 7T RE R — P S Ay vk
PP L%

422 R AARIKA % (online high performence liquid
chromatography-gas chromatography-flame
detector, LC-GC-FID)

LC-GC-FID JrikNi Az, AR s,
SRR T MOAH K (¥ 757 o i@ 3 25 emx2 mm I
FETEHRI L5 85, K853 (300~500 pL)iE i % <
T3 A GC FhP>T %0711 LOD 4 0.08~3.00 mg/kg,
LOQ ¥ 0.25~8.00 mg/kg"®,

423 % 5A40 & %% (comprehensive two dimensional gas
chromatograph, GCxGC)

GCxGC W LR/ HEE, § YAtk 2R H .
I HEH H AR 0 AR [ A A A A T A A (1~2)
mx(0.1~0.2) mm i.d. Ak [ E AR AT, L UnE F 3R
FESAUBE I A, XS RR AT (4> 25, FH FID Aol it
AT RE eI, A ] SR R I FH 1 5 SO itk A 7 45,
BIAGE R4,

GCxGC-MS J&— Rl ] LUXS AR5 A% 4345 52 Aok 19 7
o Jrkf LOD 0.2 mg/kgt ™, THESM @ TR A
B, Ao, Wb N RIRE, REiE iy, (B
T A AV 2 3 1 ) A
424 BERBALSAARFA %

AR ik LOD 22 B R o A BT 520, 38
FiiH LOD 29 5 mg/kg, RAEE TN 0.1~0.5 mg/kg,
I 5 7 AN R FEAR R AR b i SO g . iR
JH GC-FID J53: 4 LOQ & 5 mg/kg, LOQ 4 2.5~15 mg/kg,
P W T MOAH A2 (R 45, 3043 SCk$R a8 Ly
JA5 MOSH filE, AlaES MOAH BRI 4 24
ﬁAa\é[M,M]O

BRI HPLC IR, 454 GC-FID i e—Fh et
M7 e AT B AR, T BRGNS € R S HE R A
I KESF SR s 4 AR AR IS, & R RS M
TS KN B FAE RN #% (offline solid phase extraction large
volume injection-gas chromatography flame ionization
detection, SPE-LVI-GC-FID)F43#1 775438 2L JLIE J7 W3 453
H MOSH, X SPE#FTHIL 418, 245G R =,
JrikE Ry 0.05 mg/kg, FEIRESN 92.62%~102.86%, FHXT
FRUEMZETE 0.85%~2.57% 2 8], 1% J5 % AT LAAR I () %o 2 i
HIZ I A TN o LA R FH IR E MOAH
) LOD 3} 0.05~2.5 mg/kg, LOQ 4% 0.1 mg/kgl*>4),

425 HAvgik

ARG K FH L5861 s (infrared  spectroscopy, IR)iM
£ MOH jift, LOQ 5 1 mg/kg, TEAMAHLATH LOQ K
10 mg/kg®l. GC AT LI i A KSR AR S AL A 52
B, EICIE S i b A A S

25 TR, PSR GC-FID Jy 32 JC ¥k 8 4 i Xof
MOAH AT, LC-GC-FID 2488 F AR I 77 vk, Rl
SPE-LVI-GC-FID A LR ALK 7% . GCxGC Jrik

ionization
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AR T B, D WARGE, (H RS I Bk bk TR
1, GCxGC-MS 5 i B 4G 2% SR R4 T8 IE

5 & i

IR AR LBy £ S st MOAH 1 JRURS: 44,
FE L BRI A AR T R R A, R IR
WSz, AIREK A FA R . WPREER N R ER)E,
FENRERIR TR . CA YR REA: T il R B Rk
T T T A R, U sk B g | ARE DGR T . BR
Wik eSS, TR TR S Al 0 B R R AR, LIHTE LR
B LBC T £ 5 A OC 1 JXURS 4 )5

MOAH BiAr & 4%, fEFEMEAeM s, A Ei]
Eigth 3~7 B RALE Y R G MBUENE, Xt
PN ZE 4 KU ¥ TC 5 — R 18 o

MOAH AN Jr 1232 B4 BRI, 5 iy
IO R0 5, Ziiliid SPE-LVI-GC-FID 25854k Ik
AE T, B LC-GC-FID, GCxGC ZfELk (oA A st
PURLGFI S B, HERRIIGE MOAH My &iE, Hid s sisiek
B A T vk S EL R, AR sk R R B O R, ESRAY
SPE-GC J7 i ELIREAC . 0 H AT 1% 2 207 i e (G
JARBERAG, e — T X i XU W) o B,
AT MOAH Krlll ik AR M2, PIREAAAE LOQ TLIEEH I
HITEL . Toi s PRI Rh ik, A %5 R s B B R )
PEFFAS ], LA E P9 H 2538 A XU W a7k o 35 TR,
A B LEC Iy Az = Al 3 57 35 I A E S A R DU RE 1 i 4,
Rl 22 G226 = 7 KA LAG) T B AAEAR S BRI AR 55

L LTk, MOAH Z&IET 2, JLFIokdEtf, Eaf
To ik G 0 R H A SR LE . BLEC R B
firth MOAH, 24" b HErHEE S, Hit ™ ENREE
R C 4 R Z e, BEFRIRL, A il fE a4
i, -tk T X6 A 5 A T ARG I e AR A 7 S R A A5
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