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KR AMEE-RiEENT AT s, §8 AEP61,3-=8-2-/8(1,3-

DCP) 2,3-=&.-1-% B (2,3-DCP) & 3-%-1,2-% =B (3-MCPD) ¢4/ sh FR 5 % 4 0.4,0.6 #2 0.9 pg /kg, X W EH

5 ~100pg/kg(r* >0.999) ; oA = 0k 52

B 5.20 & 50 pg/kg RAE T #A4F, T LN E

S5R,3MHEMEETI,3-

DCP.2,3-DCP % 3-MCPD #§-F 35 @i £ 551 4 92.3% ~99.2% 99.3% ~103.4% 74.5% ~93.5% ¥ EE 5 A
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Determination of chloropropanols in soy sauce by means of solid phase extraction coupled gas

chromatography-mass spectrometry
Liu Wei, Li Bing, Zhao Rong, Wu Guohua, Xue Ying

(Institute of Nutrition and Food Hygiene, Beijing Center for Diseases Control and Prevention,

Beijing 100013, China)

Abstract: Objective To establish a method based on solid-phase extraction and gas chromatography-mass spectrometry

(GC/MS) for the determination of 3-chloro-1, 2-propanediol (3-MCPD) ,
3-dichloro-1-propanol (2, 3-DCP) in soy sauce. Methods

1, 3-dichloro-2-propanol (1, 3-DCP) and 2,

Soy sauce samples were spiked with deuterium-labeled

isotope internal standards and loaded on market-available SPE cartridges, then the analytes were extracted with ethyl acetate

and derivatized with N-heptafluorobutyrylimidazole ( HFBI).
HP-5MS capillary column (30 m X 0.25 mm x0.25 um),

The derivatized samples were determined by GC/MS with a

and quantified by internal standard method. Results The

detection limits of 1, 3-DCP, 2, 3-DCP and 3-MCPD were 0.4, 0.6 and 0. 9 ng/kg respectively. The linear relation for

the 3 chloropropanols was identical in the range of 5-100 pg/kg with a correlation coefficient over 0.999. The mean
recoveries of spiked samples at the level of 5, 20 and 50 wg/kg for 1, 3-DCP, 2, 3-DCP and 3-MCPD were in the range
0f 92.3% -99.2% , 99.3% -103. 4% and 74.5% -93. 5% , respectively. The relative standard deviations (n =5) were in

the range of 0.5% -5.5% , 1.4% -4.6% and 3.2%-14.3%

Conclusion  This method was validated to be safe,

chloropropanols in a large number of real soy sauce samples.

Key words:

condiment ;food safety
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effective,

for 1, 3-DCP, 2, 3-DCP and 3-MCPD, respectively.

simple and sensitive for the determination of 3

Chloropropanols ; solid-phase extraction; ethyl acetate; gas chromatography-mass spectrometry; soy sauce;
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RATACE A4 il — RPNV A N BERY) T

P v S T B S W A R ) o R A
R T X P, B E K AR GB/T
5009. 191—2006"* Bl 5E T 3 Fli 77 15, 4 B2 - 414 3-
MCPD FJZHTHES> B -GC/MS 3 15 G P i 22 41 4%
F14 58 5 AR 23 FCAE -G C/MS 1 L R 0o 48 T 1 %2
3 (Y TH 23 [ A BRCRE B-GC/MS i, 36 [ 4 W fk 2
RSk 5 B AOAC 2000. 01" #1427 H 4 %t
3-MCPD (1) )2 # £ 43 B-GC/MS 3., & H H 45 F
AOAC 15 1 ¥ R ] B2 )23 A A 1R it e Ak 7 3
AL 25 TR AR BB, X L R A S0 T A A A
+ HZHTAE, B AR SR BT T U et B
BOHTERGRE A ERETHEBEZNE, 2%
BORE I5 Y 1R S W A N R 3 B4 R
Bk, B2 B0 g R A2 T BR A4
IFHoh T H b SR (=35 C) , f& B Pk K, 7 fd
T AT R A R 2 ) B, ol 8 S 58 1) 22 4 R T AT
PR Z ) 50

A7 X LA b 7 sk AT T ket i R Ak
A AR BORE A LRZ M AR IR 15 ml &
TR 2T A e R AR RS 2k o SEBR &5 R R0, AR 7 ik
ol T QTN N 1 QR T3 & s s A N R NI
Hh G TR 2T e W R

1 #RE5FZE
L1 &R S5 # 0k

13- 2- WL 2, 3- -1 - g 3-4-1,2-T
(4 > 99% , Dr. Ehrenstorfer, i [ ) ; d,-1,3-
T2 L 3-G-1,2-T9 T (4B > 98% , CDN
ISOTOPES, & K ) 5 L 90 T Mk & vk me ( HFBI, 4f JiF
>99% ,Regis, 3 [H ) ; £ R £ T M IE C %6 35 ok 0 3%
4l JCKBRER AN 43 M 4, 500 CHIBE 4 h, B H 5 T
T A b 6 AE A R AR a, o BT Al R Aok
(Millipore , 32 [H )

ProElut LLE + 3% U (5 ml il 5 E) .
1.2 U

GC/MS-QP2010 Plus S, AH 8 33 57 33 B¢ FH 1%
AOC-20i [ shiifE#S (e, HA) s BE#E 78 B AL R
ETR 145 o
1.3 o W1 T 1
L3.1 JRA AR T AR B E

43 W FREL 0.034 8 ¢ 3-MCPD,0.025 5 g 1,3-
DCP }% 0.028 5 g2,3-DCP % 3 4~ 10 ml & & i,
I T T s fft, 5 e 28 220 B8, ol 4% B Y i
W, 3-MCPD ¥ 4 3. 48 mg/ml . 1,3-DCP ¥ i Hy
2.55 mg/ml,2,3-DCP ¥ & Jy 2. 85 mg/ml, FH %)%

B 28 pl Y 3-MCPD %45 .39 wl /9 1,3-DCP fi# %%
WM 35 w9 2,3-DCP i 45 W 2 55 — 10 ml 75 5 )ff
o, IR TR R B 2 2 BE BE B L 10 g/ ml (7R
A ARE TAEW
1.3.2  {RA Wb TAER B E

Ay FREL 0.027 3 g d,-1,3-DCP J%2 0.023 0 g
d;-3-MCPD % 2 4~ 10 ml K&, A LW 4P
VSR, OF W B 2 20 B, A N AR Al A W, ds-T, 3
DCP ¥ Jf 4 2.73 mg/ml, d,-3-MCPD ik B W
2.30 mg/ml, P 4% B H 37 pl 9 d,-1, 3-DCP &
43 wlfy d,-3-MCPD 5 2 55— 10 ml &,
MR BB R Z1 5 B & AR 10 pe/ml IR &
P it 25 VL, T L it 25 VORGSR 10 A5 TE 8 A 1 pg/ml
MR & AR TAEWR
1.3.3  brifE R G0 0 B &

BUE i 10 pg/ml A b5 HE TAER & 1 pg/ml
B A AR TAE W, I 43 50 B i 45 v B2 43 51 R 10,
20,40 ,80.,200 ng/ml (¥ #5 fE & 51, P9 AR W& B 35
100 ng/ml,
1.4 KA HT AR B J5 vk

FREGHE IMEE 5 4 (K552 0. 001 g) T 25 ml 4%
P, A 20 wl ¥R A5 BRI K (dg-3-MCPD #i dy-
1,3-DCP M £ 1 wg/ml) 8 HEIRS) 20 s /5,
FRETF 5 ml A REBE /IR R IR 8 A A R B
TS E A 10 min, A5, 15 ml 4R &
BRAE 8 3/ R Ue B B bR 4, R 0 W 28 2 A T K i
2 60 1) UG 1 0 O 5 CHE B R v, 7E 45 C R 4
JEZEEWAZITT . MA2 ml IECkZEMEMS,
FRRR A WA BT b, RRAT AR
L5 fiitkfk

o] T2 0 P i A 50l o 36T T K ki A=
LW TEIRA) 20 s J5 K TS A E T 70 C R4S
W 30 ming HUH S ¥ A0 2 50, w1002 o
A 2 ml PRI, TR e TR A JE R E L IR A
BUAH 2 TC K B 2 A 08 7K 5 2B A RERE Y, B BLI e o
1.6 A&
1L.6.1 SAHEE M

%A . HP-5MS E 414 4% (30 m x 0.25 mm x
0.25 pm); FEHE O R B 250 °C; 7 F+ R 4 17
50 CA74% 1 min, L 2 °C/min {3 % % 85 C,
FELL 40 °C/min [ 3 T % 280 C, i +F 6 min;
HAAA(AE >99.99% ) 5 i & 45 i 8 X R )
60. 0 kPa; #fAEHE 1 wl, N3t fe .
1.6.2  Jiik 4 4F

2474 (SCAN) Bk 250 2 4k =0 EL B+
PSR BE 230 °C ;3 R 250 C ;B H K 70 eV,
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FH R EGER m/z 30 ~ 5005 $3# I [A] 4.5 ~29 min;
VR SE IR B [E] 4.5 ming

T B M I 41 A0 (SIMD) JBa 2k 1R B AR TT
A EL B 7 UIEEZ 230 °C 3 MR 250 C R
J& 70 eV iEFIFEIR W] 7 min, 2 1 W] .7 ~
10 min, 4 1 H#E F.75,77,114,116,169,253,
275,277,278 ;41 2 FHH AT E] ; 11.5 ~ 14 min, 4 2 £
881 .253,257,275,289,294 ,453 ,456 ,

5 203 S N I R TR) 37 2R R N AR ) Y R E
e e R R TR L

F1 FATEE NIRRT bR P00 A 7 11
FEAE AR R M DU B R S T
Table 1 ~ Quantitative and characteristic ions in EI mass

spectra of HFBI derivatives for chloropropanols and

corresponding internal standards

B4 6] [ e P
fea ﬁé(r;i:)ﬂ ;E(if)?_ ' (iif’_
1,3-DCP 8.773 275 75,277
2,3-DCP 9.274 75 77,114
3-MCPD 12. 810 453 275,289
ds-1,3-DCP 8. 594 278 116,114
d,-3-MCPD 12.619 456 294,257

2 HBRESW

2.1 2Rk I K gy R R

AT 5 A N bR E i, Lhd-3-MCPD fE
3-MCPD {4 k54 &, LA d,-1,3-DCP {2 1,3-DCP
F12,3-DCP 1y N bR Y BT 3 0l 2 il b ofe it 26, Sk 3
Fil ER M7 PR AR C BB ER 2,

AR R IAE L (S/N) 2 3 B FE i 1,3-
DCP.2,3-DCP F1 3-MCPD & & 4/E M k094 o
FR. 1,3-DCP.2,3-DCP } 3-MCPD A& H FR 4351
0.4.0.6 f10.9 pg/ke.

R2ORVEMR Ty R R CHA G R A

Table 2 Linear range, linear equation and correlation coefficient

oy AR St R
(pg/kg)

1,3-DCP 5 ~100 y =1.229852x + 0.027986 >0.999

2,3-DCP 5 ~100 y =2.312253x + 0. 044919 >0.999

3-MCPD 5 ~100 y=1.198288x + 0.024591 >0.999

2.2 Jikg Al s 5

T T B B M TR AR A L 53 5.20 AT 50 pg/kg 3
AACESEAT AR DS 82 5 . sk 3 Fr o, 3 Flgs n
WeJE T 1,3-DCP.2,3-DCP % 3-MCPD {3 ¥y [a] it
A 92.3% ~ 99.2% ,99.3% ~ 103.4% ,
74.5% ~93.5% . KB REA BN 0.5% ~5.5% ,
1.4% ~4.6% ,3.2% ~14.3% , SCEERHE 0 )7
15 B UE R B RO % B XA S R BT K

F 3 AR [ W5 B A X A v i 22

Table 3 Mean recoveries of spiked samples, and RSD(n =5)
oy IR SFRMEE TR WIAR A R o e 22
(pg’kg)  (pg/kg) (%) (%)
1,3-bDCP 5 4.62 92.3 5.5
20 19.32 96. 6 3.1
50 49. 60 99.2 0.5
2,3-DCP 5 5.17 103. 4 4.6
20 20. 00 100. 0 1.4
50 49.65 99.3 1.8
3-MCPD 5 3.72 74.5 14.3
20 18. 62 93.1 3.2
50 46.75 93.5 3.4

2.3 fEWE APk R

ARSI, SR TR A RE R AR ORE , R
B T AN THUAE SRR P ol BB 3 UM RS 825, thR K
ARV T SE B B ) 4% bR A B 4 g BE AL AT 40
B, Al mER T 5 ml 25 6 0 Rk S /AR, SEER 45 R R
WY, 28 /N HE AT DL s BIRE mh A SO . Ik, R
it A VR 8 B, W7 DL A GE ) Al K HE AT M R
(BARTE/NF S5 ml)
2.4 PR Y ERE

H i 7 — e A kAR S s R, 3
BT kT B 2 2 B 51 Ay < i B Ak 2 a7 i BR e
FH Bzl 0 B T A S e v B fa R v Ak K
K TSR BB, A S5 00 MR R B R AR 1 L 23 i
BT LROTR AEC KUK LR LTRSS IE O BEIR A
WA Ve AR . e 25 R R W], R 50 ml ¥k
JBFRIE, 218 R M PR TR % it i ik 50% (KR 4y
B R A VA U ) U R AR R L B, T 50 mil TE b
HEgpei /& /) 1,3-DCP M1 2,3-DCP, %} F 3-MCPD
MR R A o A4 o kO A% 3, A T vk R €8 i
LR LTRAE R I
2.5 VEBARR A 2

2R 5 ml B fE B 1 A8 BUR (9 32 06
RN 15 ml, B 2R 10 ml #E 47 36 A, HAg i
LR 2 4 ml (PR, R I A D Ak o A R G AR FR
BF, S R T 10 .15,20 .30 ml 6 5 W 47 X
Foo 259300 SR A 15 ml 20 2 B8 0T LUK I i
9 o6 4 BE T >k, it 75 35 A0 X T 1 bR O 35 ok
P, A PLE R R AT DL R K 5 R B 3 i
BT R SL IR 45 R, RIS 4R LR L 15m] i
(iR TR R O TR & ) 15 ml BYIR A %
W), AT LN H AR B 58 4 e .
2.6 EEETIERE

A SLHGE  4x 41 4 (SCAN) 45 2 H AR ¥ 19 b 1
B L UL 1, FE AT R B W I 4T 4 (SIM)
B, 43 5 1 B 275 .75 453 fE & 1,3-DCP.2,3-DCP
H1 3-MCPD ) 5 2 FEAF 5, 388 o 22 o b o il 2k, %
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S SC R BRI, T I e R4 3 #ig
SUNTBEAR e K HE N AR W) BT A 7 W Y 1 £ AT AT R AR A A B A ORE X A
T WA A (SIM) JSEg TR (TIC) WA 2, an PEAT SR IBGAAL O R (15 219 £ R £ 1R X H AR
100f 75 R WEAT B, GC/MS I 5E | [R) 13 2 i B 9 AR 25 i it
90 1,3-DCP 0 VAR AR b 3 RN SN IR TS e T v . SR
80F e ) b4
<0 WA RARW AT FE AR LT R S R
%60. T o A B i S AR RO SRE S T2 BT AR JEDRE A Y
Esop a0 1 AT AR DL R N T HAE 22 5 3 LAY R GE iR 225 M
o 110 U R A D 0 £ R CWR AT B, BR s D 1
30 39 > pa e V)
10 | 275 AT LA 0 G, S8 4 T TR 7 2 6 f I T
100 >3 3 NS A Y L s 3 o
atatl (8] | 1 WL T VR T R B A 0 9B K
Ll Al ) k03113 198 215239, 265 289, . N . I
050 100 10 200 250 300 A LA A5 S0 I T, s S 0 R0 5 [N, HCAG H R
mlz “E — N y— N -
L L L B P K e B R
100 B
90t 2,3-DCP
80} S % 3k
70F [ 1] Joint FAO/WHO Expert Committee on Food Additives (JECFA).
x
@ 60 Summary of the Fifty-seventh Meeting of the Joint FAO/WHO Expert
%{- 50 Committee on Food Additives[ M ]. Rome ;JECFA ,2001.
= [ 2] ks, HF. % A bk o P 1 S5 R [ o
30F
22 169 JHE & ,2005,5(30) :8-12.
F 111
ol looh (3] S, THER. fri ot S e R HCAERE (D] R 5 A0S
0 S5 L Liisiiso | 197 505 2175080, 20057 :44-46.
U U ,13‘,_(,) 2 2R I [ 4] HAMLET C G. Analytical methods for the determination of 3-
100: 69 c chloro-1,2-propandiol and 2-chloro-1,3-propandiol in hydrolysed
90} 3-MCPD vegetable protein, seasonings and food products using gas
80} 169 chromatography/ion trap tandem mass spectrometry [ J]. Food
o 70p Add Contamn,1998,15(4) :451-465.
‘Q 60F [ 5] MEIERHANS D C,BRUEHLMANN S, MEILI J, et al. Sensitive
g 50 method for the determination of 3-chloropropane-1,2-diol and 2-
= 401 chloropropane-1, 3-diol by capillary gas chromatography with
30 mass spectrometric detection[ J].J Chromatgr A,1998,802(2) :
20F 197 253 325-333.
| | it 45 [6] MR, Sk T, 0, 45 B I 3 2B B AR 2 4 G-
i 150 200 250 300 350 400 450 MS P il b 22 20 0y SN B BT (0] b I Al TR O
mlz 1
A: 13-DCP; B: 23-DCP; C: 3-MCPD #%,2004,16(4) :289-294.
[7] MR, RokT. B EANENE T EHRERIT] B
B 1 3 Al 9 B b o A7 A 4 3 4 i 1A 22 ,2007,28(3) :353-357.
Figure 1 =~ The full scan mass spectrum of [ 8] TAE#E. GB/T 5009. 191—2006 £ i v 5 7 By & & 19 i &
chloropropanols derivated by HFBI [S].dbaT - o [ s ofE i RicfE ,2007.
[ 9] BRERETON P,KELLY J,CREWS C,et al. Determination of 3-
15000r 11 @ TIC chloro-1, 2-propanediol in foods and food ingredients by gas
MIOOOO @ chromatography with mass spectrometric detection: collaborative
#5000 @ 3 fb\s) study[J].J AOAC Int,2001,84(2) :455-465.
[10] A28, 5yl 3405 5 B 12 i 4 Bk [ S]. 2006-08-22.
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Figure 2 Total ion current chromatogram of HFBI derivatives

for chloropropanols and corresponding internal standards
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