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Determination of 6 kinds of illegal additives in wheat flour by high
performance liquid chromatography

HE Hai-Tong", TANG Yao-Ming, FAN Wei-Xuan

(Guangdong Testing Institute of Product Quality Supervision, Foshan 528300, China)

ABSTRACT: Objective To establish a method for the determination of 6 kinds of illegal additives in wheat flours
by high performance liquid chromatography, including thiourea, kojic acid, resorcinol, benzohydroxamic acid,
trisodium thiocyanate, thiadiazole. Methods The sample was extracted with a 70% acetonitrile aqueous solution
and subjected to Thermo Hypersil-Gold C;g liquid chromatography column. The 0.1% phosphoric acid aqueous
solution methanol was used as the mobile phase for isocratic elution and detected by a diode array detector.
Results  Six kinds of illegal additives showed good linear relationships (r>>0.999) in the range of 0.5-20.0 pg/mL. The
limits of detection of the method were all 0.2 pg/g; the average recoveries were 62.9%-100.1%, and the relative standard
deviations were 1.16%-2.65% (n=6). Conclusion This method has high detection efficiency, good stability, and good
application prospects.
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FEMAH B SRR EA T CRRRTEE— s/
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FEAMEAE/INZE R R I AR L R RREN . BRR
P T AL . wE s | RS A R, B
R el N T E AR T QN ] St 7 - 11727 ) g
M/ NER RS S A RN, R, WZEm . KRG
fR. = RERIR —4NEh . e SRR, R TEM
INFE RS e A e R EARAE T R, XN A o 2 i
AV A0 0 e A i o e

B, XN ek, MR . R m ., KH R
M. ZEEERR AR . X 6 Al TR Se I
sk G 0 ) 5 N 22 T, B ARSI 3k R 43 Sy R A i
PP R A TURP IR, A 5 A e TR 3 - R TR
e SRR (2 33 20, X 6 Ry s n ) i 6 i %
BAK o ABEFEX /N R R BB . AR . AR . 2R
FNEER . —RARRER =L . ek 6 FhEEEEINIY [F]
B 5 B 25 AR 0T T RS, AR SR BORURD B LA 134 10k
FrT Ak, B T RIARRRA SR, B AEd T —
TR | R e MR B R B AGIX. 6 Fh Al B ds e ik,
R /INFZE Ry 1A 2 4 W A HRAE R AR S

1 RS

1.1 w5

I HRBNEEERNER

ARG 99.2%) . [AIZE Wi (2R 99.9%)( I i 43
ovnl); MBR(ZEEE 99.9%) . MW ERMGRR(AE 99.7%). =%

TR AR = 4N ER (L 98.4%) . WE WE(4EE 99.5%)(db AT
BePure 22 1l), B4 E FRIAUE AR EY) TIE 15

HEE . ZIG(aika) . Baik (RN 18.2 MQ-cm,
25°C)(3%[E Thermo Fisher Scientific 23#]); BEFR(/Hr4E,
RHET R AL 232850 A BR A 7)o
1.2 &M

LC20-AD = 0B AH EIE LA SR 85, H A
SHIMADZU &\ 7]); PWS224ZH H,F K F-CK i 0.1 mg,
F[E OHAUS 22 #)); 1I500Y HL 7 RECREEE 0.01 g, &= FH%
WL TR AT BR A 7]); 3-3KS s R B D HL(GE [ Sigma
Z2H]); NANOpure Diamond UV/UF D11971 #B4lik & 45 (3
[E Fisher /AH]); V8 iREIRA#F(3EE Essenscien A H]);
JP-C1200 A IHHEAR (T M E 5 I T2 F]); Thermo
Hypersil-Gold C;s#:(4.6 mmx250 mm, 5 um)[#& 2 K /KRB
H(PEYERAH].

1.3 SEEE

1.3.1 ARk B

K FRIUBRIR . RER . [RIZE . SRR . =R
AR —ANER . e S 6 R RIS INFRIARE S 45 10 mg,
Sy B BRI E A E 10 mL, P Al YR EE 43 )
41000 mg/L WYARHESE S U5, U E T-18°CokAE h, i
HARTT

KOs . iR . R KRR, =
TR —ANER | e MRARMERE A A 1.00 mL % 6] —
10 mL 78, FH BRIt E R 22008, 15805k
4100 mg/L MR EARER R, BET 4°Crkdah, %
FEARAT 55

IRAFRUEP MIEB 70% -7k VT M B A () e
BRI RS EREM 2R T AR, BB
1.3.2 #swarat#E

PRI 2 g(KE 0 2 0.01 g)/NEMIAFET 50 mL HEE S0
B, A 4 mL 70% 05 - /KW, R HESRZ 3R 15 min,
MBI 5 min 5, 8000 r/min T &0 2 min, B ST
0.45 um A HLIERE, RPN, BELIEW, Fril.
1.3.3 &AMEELM

4354 : Thermo Hypersil-Gold C g #£(4.6 mmx250 mm,
5 um); FRSHAH: HEE-0.1%BE R KA W (8:92, V:V); Tiik:
1.0 mL/min; M FEFIRIP K : 260 nm; #EE: 35°C;
PEREEE: 10 uL,

1.4 HIELIE

1 LabSolutions iRAS 1.24 SP1 438 T {Eulk R G4 T
Bl R AL e . AT, TR Excel 2010 #4347
BAE T
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2.1 BERHHK
Hom) ok K g kA

G I8 K 2 T4 W R 0 20 3 W 155 1 7 2 RN,
R LA 5T X 6 R AR LB IS 7E 190~800 nm 1Y i 1 3 [l
AT AP AR AR FRM, SRR f R
KM HillK(237 nm), BHER(216 nm, 268 nm), [A]ZE " H
(273 nm) , ZEHE5HR(228 nm) , =RHFER =41ER(296 nm) |
BEMA(300 nm). AR 6 FhERASIGAARA 5 R f i iy,
AMFTERE 260 nm FE AR, IR AMT, &
YRR RERE, BB Rt
2.1.2 AFhAReyitE

T AN A ERE R LA S ERV WORAR SR IR R 2 R
W2 H AT/ INZZ Ry v Z2 Al I TR RS 32 v 4 3 8
A, VEWLA B ACR BN B, (HREE R iR
[IRE BT (k| RGEA I S A v e IR0 2 R
ShA e R A5 P AR B0 IR, A OG Scik ot
TSN BREE AT T Mg fE SCRRIF S S T
itk SEERLE LN 6 FhAEEASINRIRAS T R4
B 1), HICARTESRA T 0.1%BE B2 7K 175 5 H
YER A

2.1.1

125 260 nm, 4 nm (1.00) S

on —

100 | = 5

o . oL

2 58 _ % E
EBF g = qs il ¢
% S é@nﬁ <
20T IR B
E %g:% b
25 oy 11 g
0 MIL A
1 1 1
0 5.0 10.0 15.0

1 B4 B 18] /min

Pl TRAARUESS Y E kR
Fig.1 Chromatogram of mixed standard substances

2.13 AEBM®F

FE R — W S AR R DL @S A i 55 R F, LB T
AE 25, 30, 35°CTF X} 6 RhARIE USRI A R B s a] | (i
WAETEL LA R A5 AR BN 50 3 B E B2, 2251 2l LI 2.
ME T AT LR ), FER AT TR . R R R
MBOR, AR 25°CH 30°CH, [AIA "Wy . HRHE G
PR T IR B 1) o 18 B, (BB AL Y T, 5 2 ()
(453 BSRCRBOR BRGT, AR 35°CHT, 7R Ml . AH
TN IR RIS B BEL A3 o A 2 S 00 Bt A U vy T,

A B 260 nm, 4 nm (1.00 =
200 .. 260 nm, 4 nm (1.00) < 12,5 260 nm. 4 nm (1.00) ;
© o I3
I a 10.0 - E
L - v [30) = x &
E sz ] £ LR o
mi0f & g 8 2 2 s g
= B g 3 = 50 | UG & @
5 I & = = 2 AT 1
= 50 F #ﬁ-E} E&% saH ":E 25 E#ﬁ. %
= =gt 1 '
Lo m N % A
0 AL /\ 0
0 5.0 10.0 15.0 0 5.0 10.0 15.0
A5 B8 B} 8] /min P E5 b5t B8] /min
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125 F =
© =
D100} = n :é
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5 Sl =
o
gz 1]
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B2 IRAARIES B (R E

Fig.2 Chromatograms of mixed standard substances
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Hui/NE R ik . phiie . mR . KE RIS
S REHRIR = ANER B X 6 FPAREE USRI AY SR
FERAAK, BEE. . O RAFEERBRSER —o
IRAAHMKEREPS 2, R, ASBFE A LR E XA
Al B R X 6 Al H AR B A SE ORI T T Hox . 1
SERHB—ERRBOROK . FEE. M. )DL R
SR 50% 0 TR A HUFH K TR (50% FH BEK TR
50%ZIBEARKIEI . 50%Z I KB XY H i PHERE i b1 TR
B, SEEES IR R CIE MR BUSCR A Tk . FEE
L ZICIRA A MUK B B BUSCRAR T 5 — A R 4
BUOR o AKAERIRIBOR B, IR, #5525
Wi Z, AR TERE, BHGEKR, CEENRBORR, &
WL, FES g h e g b, TREEE b O A
AEXS AP U R A E R . FEDEIERE |, Ao akei H
AR TR AT B G KBS O L B S A TR, 5
IHE R oR: BRSO 70% I KIETE ARBUATRIN, 6

2.2
2.2.1

T 2 T I 70 0 e S AR T HAA T 500 2 K%
o BUL, ASFFCR AR 70%NEKEREE 1.
222 REBGXGeFE ik

FEPRIUHTAL B 1, MRHES% SCmk[30-31], $2EUT
ALFEIRNBE S R BEHE R, MEEEE 47 15~25 min
XX [H] o AT AL M T XA [ 4R B SRt ]
AT T LR o AT ST 5843 % 42 T R HESREX 10, 15, 20 min
PAKGEE AR 10, 15, 20 min (4RBUSCR, S25645 1 5R:
W BESE IR SR R A B G RIS E]h 15 min J5 1942
BUSCRARNRR S o FEUESERE L, S5 RN AR, ASH T 4k
SR E R EHEFE $EHL 10 mint5 min ., 15 mint+5 min. 15 min+
10 min FIRBCICR, SCIRLER BN IRHEHE S R BUSUR
PLF R EsE Fol = 428G $REU R4 15 mint5 min )5
FIRBGICRAINTRRE (R 2)0 UL, ANBFIT LR AR TE+
AR 15 min+S min A5 I THRI.
223 BRI A WAL

AT S XA I T A 0 BB VR B EAT T LR o SRS 4h
SR AN R TS 3 R U BORT AR  ER I A [l A —
TE R, FERPIUEBUGE R, A JEPaS I ) [
1 TR B A R UR VR s 0 B AR (3R 3). P, AR E T
FERIUET A IS T B LR, OISR .

F 1 AEHREUBFIFT 6 MhaEZR 7 BT Z 82201 (n=6)
Table 1 Effects of different extraction solvents on the recoveries of 6 kinds of illegal additives (n=6)
B _ _ Bﬁﬂjlﬁlll%%/%A _ _ _ _
biNils it () 2% — 1y R R = TR R — gl 58 I
K il S 36.5 34.6 63.8 12.9 40.6
B 35.6 30.9 83.7 82.5 27.7 82.2
7B 433 39.1 87.4 88.0 20.8 83.7
g 442 40.7 88.6 87.3 25.6 86.5
50% H EE /K 45.4 44.4 79.3 83.0 21.2 53.4
50% BEK 49.5 42.7 80.1 81.8 40.8 67.3
50% K TR 58.7 40.1 82.2 84.7 48.5 73.6
60% K TR 64.9 55.7 84.2 86.5 494 79.8
70%Z MG K TR 76.4 67.9 88.0 89.4 55.5 86.7
80% G /K Tl 71.8 68.0 86.9 84.6 54.1 87.0
#z2 TEHEEAXSHEERT 6 MIEER M [EWER IS 0E(n=6)
Table 2 Effects of different extraction methods and time on the recoveries of 6 kinds of illegal additives (n=6)
PEHCH B F)/min A EMQ;/%
TR i B A H 2 ZREHR = hER I5E
10 70.1 60.2 80.4 85.5 52.7 80.3
R HE BRI 15 72.2 62.1 86.1 88.9 56.8 85.4
20 71.4 63.4 86.4 88.1 56.0 86.0
10 67.5 58.8 78.4 81.3 50.0 78.6
I 15 69.8 60.4 83.6 86.3 54.0 81.1
20 68.9 61.2 83.8 87.0 55.1 80.8
10+5 80.1 66.4 92.4 94.1 59.7 90.8
TR HEHEE T SR 15+5 90.3 78.9 98.8 98.4 63.7 94.1
15+10 88.8 75.6 97.9 99.0 62.2 93.7
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23 BMER. HXERHFR LR KRR . = ROHEER = a0Eh | e kISR T 3 UK
SRR EDSCR S, TIP3 518 2.5.5.0,10.0 pg/mL,
BRI EEZ AR 6 IR0 IR S haf LIEH, 6 iRk
IR 3 AT KT 9 2 i 2236 R 62.9%~100.1%,
RSDs JE[HIA 1.16%~2.65%, FAAMNFSE ik AR BRI

4 B T 70% 2 MK S TS 4R T,
RLARIIEL 4 B R 90 T A, KBS 4 AT 6 i
SEHIHERE, DL 6 AR R4 3 MR PE Ay
PR, SRS wg/mUERBALE, B 6 FERIE oo
AR OB 6 Rl Y 4 T .

% 0.5-20.0 pg/ml. FHUEE SN-3 Bkt 25 PRI
(limits of detection, LODs). 7KJ7k 6 R34 A I a2 s AT IR AT L i . R LI S 20 4>
PEJTRL . MICREL. LODs DIKRMEGH % 4, giige  DFIRRIVNERIAT PN, SERRILR 20 ANk
W 6 AR R4 1 kT e e R iy, 6 o PRIRKILRGRIR AR DR R
R TR 5 L BORE REC AT 0999, i o =i, PRI O RO Ll /)it
RS, WEATER. R, SR H ORI SRR Z —, T Ik
A BT R VT 5200 5 £ 22 4 24 e B
24 EMEMSER B, S RN 6 Rl 7

FEWRERE S ARIEYIT, BOR . MR, FIET . B
3 FURRELEXT 6 FhIESER AN EUIER B9 F2 0 (n=6)

Table 3 Effects of accepting or rejecting primary filtrate on the recoveries of 6 kinds of illegal additives (n=6)

N FE IR %
PSR - —
i Jik itz A1) 2 KRR = BB ER = Nk 13
T B W UE TR 90.1 80.9 98.4 98.0 64.4 94.7
FEHIEM 91.8 82.7 99.7 99.8 66.0 96.0

R4 6 MILXRTMAMLME SR, HXFEH. LODs RE&MSER

Table 4 Regression equations, correlation coefficients, LODs and linear range of 6 kinds of illegal additives

RN 5t Lt LR METE R/ (ug/mL) AHC R H(r?) LODs/(ug/g)
T Ik Y=9237.14X+1269.513 0.5~20.0 0.9994814 0.2
il Y=40826.2X+10173.47 0.5~20.0 0.9994161 0.2
)24 — My Y=4966.86X+1451.339 0.5~20.0 0.9996304 0.2
KRR Y=5001.398X-1120.959 0.5~20.0 0.9996232 0.2
R = AL Y=15561.24X+2779.067 0.5~20.0 0.9998274 0.2
W A Y=6568.145%+1111.798 0.5~20.0 0.9998191 0.2

RS BMIERRMA SR RFEEE(n=6)

Table 5 Recoveries and precisions of each illegal additives (n=6)

2.5 pg/mL 5.0 pg/mL 10.0 pg/mL
SRk
SRR % RSDs/% S RN % RSDs/% S IR R % RSDs/%

Ttk 89.0 2.34 91.1 2.09 93.8 1.57
N 80.7 2.54 83.4 1.87 87.2 1.32
)24 — My 95.3 1.80 99.8 1.27 100.1 1.16
AR 94.4 2.01 99.4 1.51 100.0 1.30
SRR =N 62.9 2.65 65.8 2.11 69.5 1.74
I e 92.6 1.94 96.2 1.85 98.7 1.47

T AXT AR E (R 22 (relative standard deviations, RSDs).
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