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簡報者
簡報註解
當時因應這個事件也趕緊公開建議檢驗方法
檢驗方法是鴨蛋經萃取及淨化後，以LC/MS/MS分析
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簡報者
簡報註解
當時因應這個事件也趕緊公開建議檢驗方法
檢驗方法是鴨蛋經萃取及淨化後，以LC/MS/MS分析
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簡報者
簡報註解
當時因應這個事件也趕緊公開建議檢驗方法
檢驗方法是鴨蛋經萃取及淨化後，以LC/MS/MS分析
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Quick ~ Easy -~ Cheap -~ Effective -~ Rugged and Safe

o X B% ¥ H(Extraction) :

MgSO, NaCl

Na,Citrate Na,HCitrate

o X i} #(Clean up) :

primary secondary amine

(PSA) C18 silica

GCB
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% B~ % & (Extraction) :

R e E T ¥ .
Salting-out assisted liquid-liquid extraction
1L* A REERSE KA -
2.0 peiriklogP R EFBI T BEBRY o

organic
hase
a) aqg. sol. with analytes e— P
+
b) organic solvent e—
HPLC-UV
+
c) salt »
single lig. phase ag. phase

Valente, Journal of Chromatography A, 1308 (2013) 58-62
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& i 5 & (Clean up) :

Sorbent Cleanup of Interferents

primary secondary

o ~ %
amine (PSA) AP PR
GCB (& i*&2) d % FHBmETFAS
Non-polar interferents
C18 Silica (strong Anion Sterols
Exchanger) Pa %E
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QUEChERS Enhanced Matrix Removal — Lipid
(EMR-Lipid)

analyte

» EMR-lipid sorbent

> lipid

Cleanup Interferents 2 it
. \/\/\/\/2\/\/\/\)0'\00
e Free fatty acids %
¢ Trlglycerldes Triglycerides )
e Cholesterol PO DU
.o D/X\""o‘ I~

e Phospholipids A (

Cholesterol Phospholipids

CV ®mx @B A D
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簡報者
簡報註解
. EMR-Lipid mechanism of action: size exclusion and sorbent chemistry



EMR-lipid

. y 4 A ] _‘ )
/—éﬂd"’s }\ :

« “Activation Strength”

- 1 to 1; extract/water (recommended) — Excellent matrix removal
and analyte recovery.

- 1 to >1; extract/water — marginal increase in matrix removal, lower
hydrophobic analyte recovery.

- 1 to <1; extract/water — decrease matrix removal, improve
hydrophobic analyte recovery.

https://www.agilent.com/cs/library/eseminars/public/EMR_Lipid_OverviewOct21.pdf
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LC/MS/MS & #7 % i%

Hdip

— A:0.1%° BokiBR

— B:0.1%"° e %3

kg

— CORTECS C18 1.6 um
P"i;"‘.ZlmmxlScm ’

# & 40 i@
— 0.25 mL/min

1»{3,& :

— SuL

A EER
— 30°C

RARR VTR B AR R F B

FEF(min) A (%) B (%)
0 60 40
1 60 40
5 15 85
10 15 85
11 0 100
15 0 100
15.1 60 40
20 60 40
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LC/IMS/MS A 4% i i

o i A 47 5
MS instrument Condition
LT R lon source ESI*
Lwmg TR lon spray voltage 2.2kV
BIRER Curtain gas 120°C
B EATE R Collision gas 400°C
B4 F IR Gas 1 850 L/hr
B AT AR Gas 2 50 L/hr
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K4 diarisasl

R2>0.98
A% | Compound Lme?r:gr;mge y = ax+b r2

Sudan | 8~100 y = 13031x+1721.9 0.9999
o Sudan i 8~100 y = 50984x+35281 0.9983
Sudan il 8~100 = QORZHCTERe 0.9997
Sudan IV 20~250 y =11.2.2x+745.78 0.9992
Sudan | 8~100 y = 3004.5x+7357.4 0.9982
a Sudan Il 8~100 y = 7943.6x+130.84 0.9961
& Sudan III 8~100 y = 716.64x+659.75 0.9966
Sudan IV 20~250 y = 114.87x+466.19 0.9932
Sudan | 2~50 y = 1541.3x+200.37 0.9961
3 Sudan i 2~50 Y =SS ZL L 0.9987
¥ Sudan Il 2~50 y = 496.58x+231.73 0.9979
Sudan IV 5~125 = Bl gieranledon 0.9966
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kR R 40 100
% kR B 100 1000
(- ) "“p & 33§

P20 HAW29A4 Y4 R BB R200 L - SRF UG HIEUG L 0
LC/IMSIMS A& 47 - Mk R BRI 7 &2 - 5~ &2 - L8 K> = 54 ppb >
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(=) &%

P70 RHWOSgA B4 » BB RS0 UL - SiRFUETHHUE L > 1
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Ty REH whF RREG
(%) &%) (%) (%)

Sudan | 110.5 6.28 112.7 6.30

Sudan |l 1020 3.20 109.1 3.39

Sudan I 93.0 9.00 1024 129

Sudan IV 80.8 770 80.6 7.82
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E

Fied  RBER wicF RE %
(%0) ®%) (%) &%)

Sudan | 89.0 1.5 89.3 0.74
Sudan Il 100.5 3.7 91.1 0.79
Sudan Il 106.5 4.6 86.6 0.53

Sudan IV~ 119.0 2.3 955 1.93
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N kR 3 kR

% T 4
00 S00% T o

Sudan | 108.1 5.50 98.6 3.84
Sudan II 104.4 4.55 89.4 5.43
Sudan Il 94.7 2.97 96.0 3.46

Sudan IV 93.1 4.71 80.8 6.67
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簡報註解
當時因應這個事件也趕緊公開建議檢驗方法
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簡報者
簡報註解
甲醇鈉甲醇溶液進行轉酯化，將基質中三酸甘油酯類進行轉酯化。
15%檸檬酸氫二鈉，將極性物質液液萃取至水層。
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RESIDUES AND TRACE ELEMENTS

Simultaneous Analysis of Oil-Soluble, Basic, and Acidic Illegal
Dyes in Foods Using Liquid Chromatography—Diode-Array
Detection

Yoko UEMATSU, TosHIKO Mi1zUMACHI, and Kimio MoNMA
Tokyo Metropolitan Institute of Public Health, 3-24-1 Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan

A method for simutaneously detecting & oil-soluble and 10 water-soluble (3 basic and 7 acidic) illegal dyes in foods was developed. The

illegal dyes i foods was developed. The sample was mixed Wit water, followed by methanol
IR CIE W[ {o) {8 =1gW Transesterification with sodium methoxide was applied to the mixture,
hich allowed the triglycerides in the sample to be converted to fatty acid methyl esters. RIS

treatment resulted in a biphasic mixture. Oil-soluble dyes and fatty acid methyl esters were

=2re

corresponding reference standard solution were greater than 0.99, thus affording LODs of 0.5-1.0 pa/g. Recoveries of the dyes at a spiking
level of 5.0 pg/g from soft drink, chili sauce, and mustard were generally greater than 70%. Recoveries from paprika powder were between
33 and 103%.

Triglyceride transesterification step used to separate triglycerides
from the oil-soluble dyes.

C @& ® A
= 3 7= =
. < 'FDA ﬁ,dngn(%,f Ad%nin%;%cﬁ


簡報者
簡報註解
三酸甘油酯與蘇丹色素進行SPE時，無法分離。
當三酸甘油酯與高純度之甲醇進行轉酯化反應後，即生成脂肪酸甲酯。而進行SPE時，蘇丹色素可被分離。


L CIMS/MS 4 +4 i i

#HEAp
— A:0.1%" pi-kidin AR K 1545 B4R 5 R 6E 12

. . 049 Bz Rxn s .
B:0.1%" gz %3 R B (min) A (%) B (%)

BT 0 60 40
— CORTECS C18+: 1.6
um s p 2.1 mm x 15 1 60 40
cm > S 15 85
HBAp iR 10 15 85
— 0.25 mL/min 11 5 95
pE DS iﬂﬁ : 23 5 05
— 5uL 23.1 60 40
Bt EER 30 60 10
— 30°C
N @ %
O‘FDAﬁf‘%



LC/MS/MS & #7 % i%

Tk Rdoip A 4 i 2
MS instrument Condition
LT R lon source ESI*
Lwmg TR lon spray voltage 2.2 kV
BIRER Curtain gas 120°C
B EATE R Collision gas 400°C
B4 F IR Cone gas flow rate 50 L/hr
A AT R i Desolvra:tign flow 850 L/hr

C @& ® A
P | =
C/ 'F DA 5 dncnnd%rug Ad%\in%%c%\



FEd 2 5EF BB SE

4+ 3 e .
S A F  SRA (m/z) > LS T
2% 85 (m/2) V) V)
Sudan | 249 > 156* 30 14
249 > 128 30 28
Sudan I 277 > 260* 30 20
277 > 156 30 24
Sudan Il 353> 197* 50 19
353 > 156 50 25
Sudan IV 381 > 244* 50 22
381 > 91 50 24
Sudan |- ds 254 > 156* 30 15
Sudan II-dg 283 > 121* 30 11
Sudan Ill-dg 359 > 162* 50 20
Sudan IV-d, 387 > 225* 50 20
T Cy w2




L3 5 EF R BB

6.96
'{ Sudan 1 m/z 249 > 156
S e
691
] Sudan I'd< ?’;’I/Z 254 = 156
Tl ETy 1] L-.-- --------------- _— -
895
"1 Sudan II m/z 277 > 260
. I -
887
*J Sudan II-ds L m/z 283 =121

"1 Sudan III

m/z 353 >197

"1 Sudan TIT-dg

m/z 359 > 162

13.9%
'{ Sudan IV m/z 381 > 335
s gl it . -..*.'L ..... s JL b e Bt b sl
13 85
"1 Sudan IV-ds m/z 387 > 225
BN S . R
Time (min)
&
C/’FDA =

£ @ F
RBEYEERE
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AETREERL YIiF

o F 0 R BUAF P IFERRLFRR >N
40°C™ M § FRIMiT ATHF e §r2v:02 L3 2
$8 5 A w4 > B8R 20.01~05mLE p REEARRO0.1
mL> B g R RBMHEZLIML SRR EBY > &
THlFRRERARITE M LA RS RAP
HEELLE Y BRHBZ AR FERE > AYH
TE -5 - - 8.2 &2 = 84~50ng/mL > gg2 =
5.10~125ng/mL2 A F T ek T M o

LN & £ B8 A
= O 757 e
C/ 'FDA I%dngn%ruﬁgAd%inﬁcﬁ



AETREERL YIiF

Ve

v eHlg

v .
AT Sk FEEAR
5mL
P L

v
A NS%F B340 F BF IR R
5mL

|
RAERED 4

|

Stk 0 g LMY IE

— RB F RO

|

A NASY AR B 8, — 80 IE R

5mL, e

cRok

5000 x g&g 5448

v
Wk BB R

40°CF lfnﬁnﬁ:ﬁt

MmAETHEI ML —

ETg2mLxm

¢

ETH:LM

Lk ETHR  (9:1)

10 mL

10mL 10 mL

U 5 —

40°CF 1 § ¥
R I pkic

e » g rheg

0.2mL » &3 f%

—

e » 84 7%20.01~0.5 mL
A 2RE R % 0.1 mL
R HEMAEIML

|
B R

|
L

(Y, ®m=m HE
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K i sy g s

Linear range

Compound (ng) y = ax+b r2

Sudan | 4~50 y = 20648x - 42853  R2?=0.9935

i Sudan II 4~50 y = 11887x - 6255.7  R2=0.9989
> Sudan I 4~50 y = 12950x - 10603 R2 = 0.999
Sudan IV 10~125 y = 6339.6x - 7609.9  R2=0.9999

Sudan | 4~50 y =8771.1x + 12292  R2=0.9979

¥ Sudan II 4~50 y = 14063x - 17456  R2?=0.9998
78 Sudan I 4~50 y = 10216x - 2355.6  R2=0.9996
Sudan IV 10~125 y =4371.9x +235.22 R2=0.9989

() wE®AD
CppBERENERE
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K i sy g s

Compound Il Teligfe y = ax+b r2
(ng)
Sudan | 4~50 y = 17089x - 12407  R2=0.9958
Sudan I ~ = - 13615  R2=0.9997
ﬁj& 4~50 y = 10536x - 1
F Sudan Il 4~50 y = 11599x - 19535  R2 =0.9988
Sudan IV 10~125 y =5403.3x + 2690.7  R2=0.9994
Sudan | 4~50 y =20392x - 22385  R2=0.9995
§ % Sudan I 4~50 y =10211x - 12900  R2=0.9983
JT I
=¥  Sudanlll 4~50 y = 10372x + 1064.5  R2=0.9997
Sudan IV 10~125 y = 4810.4x - 1410.4  R2=0.9963

() wE®AD
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FuEHE R

RAELPRRZ AT TRBESZRESPL > &4 Bl » R 4P
%ﬁ#%?#ﬁﬂ’@29$ﬁkLﬁ¢ﬁ’%%ﬁﬁ£?
TREERZRTEFRELFTFEZ S L5 RE R R
FRAMENZ » FRTAFESRIERY LR 2
#? L(ppDb) :

i L& 2 7 E(ppb) =
C:d AT " RRHBEMR $@ﬁ&ﬂ%ﬁi3%1$immmu

VR fs = F 2 WA (mL)
M:B#4{rHH2 £ E(9)

CxV

' ﬁ E [ 7'FJ &b



o s -5 - BARE 25 w5
Lantiy (ng/mL) (ug/mL)
kB 0.1 0.25

BeZ b Al 0 4 8372001201 mL > £
R WUEHBUE & > ULCIMS/IMSA 47 -
RERBHMIEKE -5 KL -5 oKL =84
ppb » g2 = .10 ppb -

BEERBEZIKL -5 - - 52K =540
ppb » g2 = 5,100 ppb -

@ £ & F &8
~ = O 7=7 faran
~ ‘F DA Eoclng n%rutﬁﬁ\d%ini%o%\



w3 th#(n=5)

e
- <3k B 3R
ek RBEH wRF LG
(%) (%) () &%)
Sudan | 94.0 7.9 89.4 7.5
Sudan I 82.0 4.8 93.9 6.5
Sudan I 88.5 8.9 108.2 6.0
Sudan IV 81.6 6.0 105.6 4.9

RRERESERST—5% - &S50 5EERFT =574 ppb » &KFHU5710 ppb ;
SREERESET I - &F Z3REEST=5%40 ppb > #KF1IU57100 ppb °

CN wmE B AW
MppERENERE
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e

¥ ok g g B 4 #K(n=5)

1 SR

Tk RRER wieF RE %
(%0) &) (%) &%)

Sudan | 92.1 4.0 95.2 2.9
Sudan I 90.2 4.8 08.1 2.3
Sudan I 92.4 5.6 08.7 7.8

Sudan IV 88.5 3.3 106.2 5.6

RRERAR SRS T - &/ _ITEET =574 ppb » #F/TUU5710 ppb ;
AR RS —5t © #RFT _ITEEES T =5740 ppb - & SPU57100 ppb -

() @ EX ﬂ a8
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w3 th#(n=5)

ot 3F
Flzk  BREH wicF BR %
(%) (%) () &%)
Sudan | 98.0 0.7 101.6 5.6
Sudan Il 94.2 4.7 91.5 4.8
Sudan I 87.0 5.9 96.1 5.9

Sudan IV 98.2 6.9 96.3 6.6

RRERESERST—5% - &S50 5EERFT =574 ppb » &KFHU5710 ppb ;
SREERESET I - &F Z3REEST=5%40 ppb > #KF1IU57100 ppb °

CN wmE B AW
MppERENERE
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w3 th#(n=5)

T
Sy kB B kR
wrk PR wicEF BBk
(%) (%) () &%)
Sudan | 90.5 8.6 97.1 4.4
Sudan Il 92.0 6.3 93.2 4.8
Sudan I 104.4 3.7 100.0 6.9
Sudan IV 94.0 6.3 103.1 4.3

RRERESERST—5% - &S50 5EERFT =574 ppb » &KFHU5710 ppb ;
SREERESET I - &F Z3REEST=5%40 ppb > #KF1IU57100 ppb °

CN wmE B AW
MppERENERE
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Sudan | ¥ & L F 2. 2 & & LW

sk ey b
100 /N @ 2318.04 294 > 156 1 SN :1226.03 294 > 156
o
D min .|.!..|.rnr-|‘n'r|
100 SN 581,22 294 =128 mﬂg S D 258.40 294 > 128
o min G""I""I"'I'A"II“"I"'I'mh
§.200 6.900 7.000 7.100 §.800 6.900 7.000 7.100
b g

100 SN :2353.84 294 > 156

-'|-"-|'--'I|-I"ﬂil'l

100 5/ IBTITS 294 =128 1 S/ - s0B.TE
ﬂ-{,
0 min
&.200 &5.900 7.000 T.100 &.800 6,900 T.000

C

294 = 128

7.100

‘FDA

£ '@ F B
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簡報者
簡報註解
低濃度檢體含蘇丹一號、蘇丹二號與蘇丹三號4 ppb，蘇丹四號10 ppb


Sudan Il ¥+ & £ %2 2 § & "L H #

i Ha
100 S/ 759.01 277 > 260
%
i} rrir
- >
100 S/N :707.66 277 > 156
%
0 rrin
8.800 2.800 2,000 2.200
o 08
100 S/N -823.18 277 > 260
oL
i rnin
100 S/N 39257 277 > 156
0 rmir
8.600 g.800 8.000 8.200

I M idy

5/ 1 397.64

277 =260

1
8.600 S.800 2.000 9.200

I IC
% SN :831.51 277 > 260
II|III'|||||I|II'|||IIIIl||||I|III'!||III|'|||r|'|-“
; S/N 138965 277 > 156
:é
0T I"I""I ""!'l"'"‘l'ﬂ
8.600 8.800 9.000 9.200
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簡報者
簡報註解
低濃度檢體含蘇丹一號、蘇丹二號與蘇丹三號4 ppb，蘇丹四號10 ppb


Sudan I *+ & & 52z § & LR #

3% By
100 S/MN : 841.06 353 > 197
urfn% A
3 —_———t—— e
m? S/N : 750.79 353 > 156
ﬂ----|----||----|--------|----|----|I----||"|"|.'i|"|
11.00 11.50 12.00 12.50
L
100 S/H : 490.98 353 > 197
%
ﬂr...,.....--..,..- |l1ll|||ll|ll|||||l||l'l"|.il'l
100 SN = 450.44 353 > 156
0 rrin
11.00 11.50 12.00 12.50

5 M dy

1 S/N : 47162 353 > 197
e P T Min
1 SN =TI 353 > 156
'::I""I""I"'I 'I|""|""|""|--"|mh
11.00 11.50 12.00 12.50
¥ B IE 90
| S/N :8TLTT 353 > 197
b
D |r|r[||||||||||---||||||||I||1||||||-:|||I'I1i'|
%o
(] min
11.00 11.50 12.00 12.50
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簡報者
簡報註解
低濃度檢體含蘇丹一號、蘇丹二號與蘇丹三號4 ppb，蘇丹四號10 ppb


Sudan IV *+ & & Fr 2 2 & & 'L #

R Wby
100 S 381 > 224
%3
o T T s
100 5™ 6021 381 =91
%g
S EGAAREARS RS S min
13.00 13.50 14.00 14.50
R
s jx - >
100 S/N 1 140.56 381 > 224
0 T S e
381 =91
100 f
t}é S/N 3204 / II'.
[
0= e S min
13.00 13.50 14.00 14.50

_________________________________________________________________________________________N C/‘FDA

8 Hxid

ST ;54 48
W:% j\ 381 =224
o= '|""||1'"|"|"|""|'r-'|”" min

III L ll LI I T T TR g 1T TP FT T I g " 977 T FREFT QT T 017 mh
13.00 13.50 14.00 14 50
OER JE W
10 S/ 113,51 381 =224
o |""|"'I'|""|='"|""|""|""|""I i
f M 3181 >91
100- SN 13562
84—
D—: =y e min
13.00 13.50 14.00 14 .50
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簡報者
簡報註解
低濃度檢體含蘇丹一號、蘇丹二號與蘇丹三號4 ppb，蘇丹四號10 ppb
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o FEL 4 B w ek A3082.0~108.2002 FF » HE 4
B A 07~89%2 F > BER* 2w ek apFr &
TR
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QUEChERS
EMR-Lipid
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A8 SR IR TS FIC

, . C
Wit £ 36 E2 48 (ppb) = —

C: b E R £/ #ﬂ&*%&ﬁé%z/\ #(ng))
M : AR E2 € E ()

S5 KA A2k (2) erin
CxV

WA & e 24 F(ppb) =

C: i H CELEHEF *ﬂfﬁ*%“ﬁiﬂ_é ?—z/\

Vi 2 £ X Z A (mL)
M @ BRAR S ATARiE 2 E 2 (g)
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