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Simultaneous determination of 4 kinds of new illegal additives in wheat flour
by ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 4 kinds of prohibited
components in wheat flour by ultra performance liquid chromatography-tandem quadrupole mass spectrometry.
Methods The samples were analyzed after extracted and purified by 80% ethanol and acetonitrile (1:1, V:V). The
gradient elution was carried out on an Atlantis T3 column with 5 mmol ammonium acetate+0.1% formic acid aqueous
solution and methanol as mobile phases. Qualitative and quantitative analyses were carried out using a multi-reaction
monitoring mode. Results All compounds showed good linear relationships within their respective linear ranges,
and the correlation coefficients were greater than or equal to 0.9990. The limits of detection were 15 pg/kg (kojic
acid, benzoximic acid), 30 pg/kg (thiadiazole) and 3 pg/kg (sodium tripolythiocyanate); The recoveries were
80.2%-96.2%, and the relative standard deviations were 0.8%-4.4% (n=6). Conclusion This method has the
advantages of simple pretreatment, high sensitivity, accurate and reliable results, and is suitable for the qualitative and
quantitative determination of four new illegal additives in wheat flour.
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INZE SRR E R FREA BUEE R B1EY, INEW
(PRI /NE B EZ T4, 3R EI R RIKER
TR, AT LARIVE B Sk | TSRS IR A KR E
g i, Bl 40 kRS N RSk E R i T
NATTXE LA/ INZZ A3 g DRk o) Tl il it A R S R B BT B 5 114
SR AEFEEARYEI T AR . B A A LR
AR, ORISR S0 5 A /INZE A A T RO D S84/ IME S
T ER AR R AR, BRI as R i 5 Br ek
R, EEME/NEZNA TR R, DIk EE R
WEELRPL, S TR /N RO WA, 2017 AR SR E R B
Zdh B BB R R A 132 SN AR A P A AR /N
i abvny | St 1 | SR S S

iR (kojicacid, KA), fh2=fh S-RHE-2- 8 HI5E-1,4-
WA, 1907 4F 5 FOK BB b 2 BT, B —5E
BIANER AR FIBT AL, T (HigedE
A5 & B0, A 300 w80 ) e 0 g R T e LA A0,
Mg (2-mercapto-5-methyl-1,3,4-thiadiazde, MMTD)fk 2% 44 Fik
Sy 2-REE-S-F L1, 3, 4-WE T Rk L A 2 HE
FMEE PR, B —EMMERE S, (AR &, B
T BE S An R B — e At AR, T
W BT AR/ N B A B p o s I = BB R =
ER AR RIS IR OB G, DLAERNE L | B
KRR, HARMEFBLE ARG, Hx 2 Fhisin i)
f£ GB 2760—2014( & S & & ZAhnifE & SAsmE FHAx
W) R BRI R

BRI 5 /1N 22 A HR i R R BE s (G I vk
A AR TR LAk AR A
PV S - k0 = AR = 4R ER A AR
05 ¥ N T RCRARE R, IE A B0 E /N v o B R G R
BRIy 9 o R )RS Xk 4 b/ INZ2 R as e A 5 4G Ay
TR o o DLARGE o AR AE # 7. T AR BOA - S AL
TROAF (830 - B I ST A, () ISP AG I /N 22 08 e T R L e —
e SRR SR E IR AL 4 R T, DUBIEC G 2020
AR A T R T UM G, SR eI ReE, it
W/ NI 2 Ak

1 RS 7

1.1 w5

Ultimate 3000 7 = Z0/RCOFH €635 - 5T % 156 F 3 48 R AH
A HENPERERE . ATIEAS DL TSQ Altis™ = T PUMLAT i
{)(ZE [# Thermo Fishier Scientific /A H]); Mettler XS205 H,
TR s A A\, Sigma3-30K 7 A R B O AIL(FE
[ Sigma /A 7]); KQ-500TDB Jfz# A A (R 1 7 # A A o

A BRZA F]); MV-3000 #2810 HETR 57 7 GEXE A vl o

oh B2 ( 4h B i 98%, Sl & K Tononto Research
Chemicals 23 F]); MEZMR(ZERER 99.5%, U 2MGiERHE
HIRATD; FHRIGRREEE S 98.9%). =R mmanE:
(4l A 99.5%) (3£ [E Cato Research Chemicals 23 /).

HEL 2N OBk al, 78E Merck A H]);, HER(M
J%a, 35 Sigma 2AF]); BALKELERA 18.2 MQ-cm,
25 °C)(3 = Millipore 2 7)); HER%Z (M4, 5%E Thermo
Fishier Scientific 2% A]).

FE SRR : 2020 4500 /45 T S W48 R /N2 493 1 T A
FEdh o
1.2 7k
1.2.1  FERETALH.

B2 g /NER, BT 50 mL HEF.LEH, A
5 mL 80%Z BE W, i€ 1 min, FHZEERZE 10 mL,
BRE R T MR EEAY, 3000 r/min, #WE 20 min.
10000 r/min B5.0> 5 min, B 5 mL IS8 TR0, ez
FET. MARSIA 1 mL, WIERSE 0.22 pm A L6
FLUBHE, Ff B L.

122 AR ls ik e Be )

FEUnFRI AR . E k| RH RS ER . R
EEFRUEN, 10 mg FH 20 mL FBEVA MBI E 25, 20 e il B o
WWRER 500 mg/L ARUERGRIR, E-18 °CUKHIRELIRFE
FEOUHRER . e FEH ISR . = R ERANER A i
F WA 1.00 mL, Fl SRS R 100 me/L AR S AR1E
HRIR, B 4 CCUKEE V8 AT o

IRAPMERTH A FR S 028 kR 1.2.1 RiTdb
UL BESARIT, IR [ B A bR v VA T, AV 5 S o v
VT HHER AN FP 3 s I s e Y 2 B0 I 2 SR VR BE 40301
50, 100, 250, 400. 500 pg/L; ME W) FR & R e B4y
24 100, 200, 300, 400, 500 pg/L; = REFERNELR
IR EWIE 54 10, 50, 100, 150, 200 pg/L
123 B, &4

(D)IBAH (3 451

a3 Waters Atlantis T3 (2.1 mmx150 mm, 3 pm); ¥
A A N 5 mmol ZFEE+0.1%HR/K, B NHEE, ik
0.30 mL/min; #FAEPREL S ul; #Ei 35 °C; BRI 1.

®1 REERERRERF

Table 1 Gradient elution procedureof mobile phase

B[] /min 34 /(mL/min) WA A% B B/%
0.0~1.0 0.3 90 10
1.1~3.0 0.3 90 10
3.1~4.5 0.3 10 90
4.5~5.0 0.3 0 100
5.1~6.0 0.3 0 100
6.1~8.0 0.3 90 10
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Q)B4 RS, R TR Z . PrL, APFFE R B

B %S % 11k (electrospray ionization, ESI);
IEf B TR, R SILIRE 350 °C, BT1%
FEIRLE 350 °C, IEMEZMIZE HL I 3500 V, b zmiss f
JE 3500 V, H§/<UE 45 arb, HEIUE 15 arb, SR 1
PS03 42 (selective reaction monitoring, SRM),
FiESH R 2.

1.3 BUEAIE
SEEGZE R Origin Lab 9.0 #4742 AL PE .
2 HBRESH

2.1 RAICEBEHMEESMHL

Mg, e ORISR . = REEIR B R B i
TR AT LAK  80% L 80% L LN (1:1,
V:V) | CHEME R HEEOA AT AR . KA D SR EBUR , #F
ARV R IR, IR AT EALERAE; 80% LB N 4R HK
FRVESE, A K B U S TR, FUROE AR RO AR
A, G35 E P AR T CNE R BUSCR AR X B 22,
X 4 Pl A G ELSCRBEEAT A 80% LB 80% L -2
JiE (L1, V) RIS 1 R B0 R, 4 Fil B % AT 3k 5
80%Lh I+, IF HAMRIFHITTIE S FIAUR, (HZNEE M IZE

80%Z -2 (1:1, ViV IR R 4R B 1
22 BIEHERK

50 mm Y 35T T0IE SE RBP4 RO, SEBXT L
T Waters T3 (100 mmx2.1 mm, 1.7 um)#¥ . Thermo Hypersil
GOLD Cg (100 mmx2.1 mm, 1.9 um)#:F1 Agilent Zorbax
SB-Cyg (100 mmx2.1 mm, 1.8 um) 3 Fh a3 Al 43 830
SEILSREH, AR S RO R AT AR AR W 0 S SR, 4 Pk
BUH o BRI AR B #OK, (HJE GOLD Cg b HfiFRFI
KRG RA RIS, Zorbax SB-C g BIKIEILH 2,
I i%FE Waters T3 €35 A1 T4 T ISR .
2.3 RENHENIEE

MK 1 45RT DUE R, i rnsR, BIpih ik
FH = LB KA TR . YT TK . 5 mmol/L Y PRER 7S
TR HERKAE KA 4 Bk 4 8 FETR i 2, S5
IEEL R, M s AR 5 mmol/L F REZVE K- LG 1AR & Hsf,
A BAT e AR 0 TR A A B8R, HL AT (] s g P ZE TF 25
FRIAEFE, 4 PGP REIRIS 80 S A BT RS N
ESI' 24, A 0.1%F A B F His b &9 71k,
RS 0w N GR N A B R . EEE ] 5 mmol/L H iRk
VERIA 0.1% FR RRAK WA K AR o

R2 4MLEMRIESH
Table 2 MS parameters for 4 kinds of compounds

e SHTH AN B ] /min - BB FmiZ)  FEFmMZ)  SHRHRENY T FE R /V BB
69.0* 50 16
1 iz 1.7 143 ESI+
97.0 50 15
57.8% 40 10
2 IBE 2.34 130.9 ESI-
89.7 40 22
o 51.0% 39 34
3 KRR 3.38 138 ESI+
77.0 39 18
57.9% 47 17
4 SRR = Ak 3.47 176 ESI-
116.9 47 13
T AN E R T
0 HO
|| S~ Na*
N—N
C NH
HO—C” Nc—H / \ N)§
- /C_CHZOH HS S CH3 Na* §- N S Na*
0 A 0
Hif W9E Ik F R G R =R E RN

1 4 Fb &g

Fig.1

Chemical structures of 4 kinds of compounds
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24 FRIEFHHMRK

ME 1 ZHX0T LIRS, R RIEmRET A
-OH EFAZ 5155 HIERBM+H] B4, [543 i s
FEETIESFHERX, =REABRMEREKD Na @55,
e Na¥, WE M A -SH Figk 5 k& HIE A M-H] B4
+F, RS B R

A B T v B ol 1.0 mg/L () HHBR | g k| K H
FlGme . = O TR AN LR (bR A ORI B T T AR 1Y
720, PA 20 pL/min 43 50X HAR 2 45 2 40 & g,
XA 7B TR A TEE . SIS
(FEWRE 2), HREANEA Y7 2T 7o
BEIR R, FHRBUH XN R R T TN E
Fo SERELH, R AR H SR EAE T se R BN A
TR, ME TR = R AR AN SR T RE R B AH N Y
TBETF, SunmsNHErn—8. 4 b EWn a1
nE. ERETMEERETHE 2, 3.
2.5 FEFWHE

FRIUS Oy /NZE My as FBE L, $00R 1.2.1 SEATRTAL PR AY
FEECEAL T, 20 IR B bR W, AR 25 5 A o
k. TEAS ALMEVERIN, LI R B R AR R (X, pg/l) .

1.0x10° -
- R
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R

iy

4.0x10°

2.0x10°
0.0
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Ff 8] /min

1.5x10¢ |
L 3.47

1.2x10¢ |- = REFREBRER

9.0x10°

SREE

6.0x10°

3.0x10°

0.0 L
0 1 2 3 4 5 6
IH 8] /min

WETETBUN AR BR( Yo st An it Ze, 15 3048 B i e Pk
EH 7 FROLER 3). ZREIR, TE4 BILK ML EIN, 4 Fl
&R RIAFRIRHEC R (1 =0.9990). 7E7%5 1/
By domAs, & HBR (limits of detection, LODs)ly 3~30
ug/kg, 2 S/IN=3, EaBE(limits of quantitation, LOQs)
K 10~100 pg/kg, i/ SIN=10, Jrik REUEE & .

2.5x10° 1

3.47
2.0x10°
1.70
1.5x10°
i 2.34
et
1.0x10° |
| 338,
5.0x10*
0.0 u L L_MM,_M
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F5} 8] /min

2 ARMEEY R E TR

Fig.2 Total ions chromatograph of 4 kinds of compounds

8.0x10°
L IE Ik
2.34
6.0x10° |-
% 4.0x105 |
2.0x10° |
0.0 b=ty S S
0 1 2 3 4 5 6
[} [E] /min
5.0%10°
4.0x10° 338 ZEHRHISRR
3.0x10° |
i L
o
2.0x10° |
1.0x10° |
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B} 1) /min

K3 4 F i iR e 7 ik

Fig.3 Extracted ion chromatograms of 4 kinds of compounds
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#3 4 MLEYRNEEER. &MHE1E. X RERMNEER
Table 3 Linear ranges, linear equations, correlation coefficients (r*), LODs and LOQs of 4 kinds of compounds

L& 2 MXRE() LAMETEIE/(ug/L) LAk T R KB /(ng/kg) R /(ng/kg)
hig 0.9997 50~500 Y=8.639x10°X+1.267x10* 15 50
5E 0.9991 100~500 Y=4.692x10*X+7.95x10° 30 100
KRR 0.9990 50~500 Y=3.697x10°X-4.21x10° 15 50
= REIR AL 0.9997 10~200 Y=2.752x10°X-2.648x10" 3 10

26 BEWRSHEE

FE/INZE R 25 IR Sl b 4 S o s AT 3 ANV JBE 1) 4 Fi
B AR T A ) A R TR &, X R RE R EA T 6 1K
TSN, VI R] i 2 R X 4T 7 IR 22 (relative standard
deviations, RSD), £ UL3% 4,73 BN 80.2%~96.2%,
RSD 4 0.8%~4.4%, %7 A Bar it i S/ 5 &5 1k,
5 G GB/T 27404—2008 { S50 % ot f 44 il LT & b
A ) K

2.7 EBRMNIEN

JERSOSEAS Y S, ) R AT i JB G iR A, o IR A A
BE ST O o SRy T R R SRS IR R IR, AN S A
23 FURE il HI AL BRSO B v AR, AT DAAS 3 A O Ak

R4 AMELEYNERRE 3 ANREMMAREYERTD
F&H E (n=6)
Table 4 Recoveries and RSDs of 4 kinds of compounds in wheat
flour at 3 kinds of concentrations (n=6)

EW WM (ug/L)  EICR/%  RSD/%
WK Al R v, A S 0T E 6 B ARAE & 50 95.4 39
ES Ao m, ATReEH Taika B fh 5  Birfe
ErILR AP T B ARS8 A A A T — R R L 200 0.1 4.1
S22 AR WF SR R BUS IR 07 2 H A 4 ik 500 96.2 1.6
WA /N2 Ry SR BOHE 5 e A R Ak B4 R 2 R A 100 . )0
1.2.2 FirALFRAE PR L BGA b BB Sl 78 V0 TE 1) 356 s o A ' '
VAR T PR I SO L bR ARV, A BIHEAT AL e 300 81.8 1.8
M5, Fe IRk 5iemAigedl 2 ShrEdh4k, Ead ) 500 88.4 31
T BL T %W (matrix effects, ME)! 726,
ME=K,/K,-1 0 50 89.3 44
K, Ko RBILTARME TR RIER, K, RFEEFRHET KB EH 200 91.2 2.4
TERR R BER
. N _ N 500 94.2 0.9
ME < 1 F/RIEFEIHIZ, ME > 1 F7m L Fg sl
R o 2 ME 4-0.2%~0.2% i} h 55 3L i &L N ; ME 4 10 81.2 1.2
-0.5%~-0.2% X 0.2%~0.5% I Jy Hh 4F H T 2% N 5 — s R 100 $5.3 26
ME<—0.5%8%>0.5%5 Ao 3 i 277
T 5 I, N SR A ORI R A 1 S 200 874 08
x5 ZTAMSTIHMEEAYNERYE ME ERIENHER
Tables 5 Matrix effect values and evaluation results of 4 kinds of compounds in blank samples
wEY FETARAE T 2R REE K BRI AL K, FEFRY ME LRV PR
i iz 864 350 1.47 553 T 1 AR
98 469 590 -0.21 v SE LTI R
KH RN R 376 390 ~0.04 535 35 ST R 28N
=R IR N 319 275 0.16 535 35 T B 5 N
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BB INFREE SR TE 5. 12, 24, 36, 48 h HFATHERE,
R R A9 [T SR TE 24 h 5 T RE 10%, 36 h J5 T % 30%; —%F
FRAEREAER ) EDBCR 12 h J5 TR T 30%, 24 hJ5 50%Z5 47
Z EER BRI AR E T, BB RRSE 12h N EALIE
2.9 SCRREEMAST

AHFFEXT 2020 A T3 RS R /N A & T A
50 HERES AT A0, YIAKE RS . 1ZOT R LA
P E R .

3 4 1

AW TEHE ST T o OO 3 - B BT 0 N
Freb 4 FRESHTAG N (TR . WE 0 . SR RS TR A — SR 4
TR B R BRI 7 i o %05 TR AR AT, R i 22 AR
SIEL B0% I LW LI (1:1, VV)FRHRBR 2% 5 B4 A T
WA, SRR E . SR Y], X5 ATE 6 min AT
[RIWEXS 4 FhAS IR BEAT A VA2 B o o 307 I 4R A
ORI REUELF, BTN AR BN S
Wi 5 P E BT

SE B
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