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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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%, FA RAFRI AR AP EIE8 ARUR, a2
AT B . e fRE%S me™, R, A5
6 WY Al R 4 2ok A 2 i O A 1 B0 KU T )R
1y 2 22 B SR A T B R S A R R, T AP SRR i
4 VR R TR R B A I AR AR R, (AR G R R B LA
AEh g R G R EN O K B R i R A = R R AN
WOLTF B PR A E 4 R AL, AR AR R R A
B A R AR R /N R R R, AR — E R
JRUE 1T g s S — b Sk 460 32 2 AR B AR 7 o ] A,
HME ., ABEFZMER, (HIFFRRAE e n] e A
YA EL L

R T ORE /NG oy SR IR A A AR i A, A
FEM B EIEJREAT CBJR T iE— i/
TR RSB A, AP 4 K@M T T E
PR AE /N A IR EAE R H R . BRI |
2Ry AR . wE R TR SRR, B
Wy BIE R R L wE e RS L
MiE/INER P RGSAHNK . iR, F2E . RS
MR = RHUER = AEE . s AR, R
INFE RS e A bE R SRS T R, /N 2
Al TS I 700 04 R SR T AT e E

B, XN sl fiie . 2R KRR
MR ZIBURER =4hEE . e 6 AR IR Se )
HE ARSI 4 3 35 A 22 AL, BHRE AORGE I J7 3 AGR g HLAG:
BARP I T LRI 5, R A R R A 2 - R TR
TSI AR R 0 X 6 AR RN B A R R
B AP B P R . R . R R
FNEER . —RERRIR =, ek 6 FhEELA NI [H]
B 5 B 25 AR R AT T ST, SRR SRR AN B Rt
3T ufk, BB T RIACERE Jy ke, Bredr—
Rl R m | R M A R I AG IS 6 bl s s el ik,
R ZINZE R (12 4 WA R LR AR S8

1RSI

1.1 w5

I HREBNEEERNER

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

TR AR = 4N ER (L 98.4%) . WE WE(4E 99.5%)(db AT
BePure 24 1l), B4 E FRIAUE AR AEY) JTIE 15 .

HEE . ZIG(aika) . Baik (RN 18.2 MQ-cm,
25°C)(3%[E Thermo Fisher Scientific 237]); BEFR(/ 4L,
RHET R B AL 232850 BRA ) o
1.2 &N

LC20-AD (= &0 AH GBS CAE AR 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 % B D HL(GE [ Sigma
Z2H]); NANOpure Diamond UV/UF D11971 #84li/Kk R 453
[E Fisher ZAH]); V8 WREIR A #7 (3 [E Essenscien A H]);
JP-C1200 A IHBEAR (7 M & ¥ 4 75 I 724 F]); Thermo
Hypersil-Gold C;s#:(4.6 mmx250 mm, 5 um)[#E 2 K /KRB
H(PEYARAH].

1.3 SEEE

1.3.1 AR/ B

S FRBUAR . RER . [RIZE ., SRR . =R
B AR ANER . E IS 6 FPARTEAS INFRIARE S 45 10 mg,
OB ESA IR EAZE 10 mL, P AT R 43 B
71000 mg/L WYARUESE S U5, FUE T-18°CokAE h, i
HLRTT

K ImiIR . Mhie . R KRR, =
RELHIR = 4hEh . E IR RS 2 1.00 mL £ [F]—
10 mL 0, AW ERBREIFEAZZIE, 158k
100 mg/L MR GARER R, HET 4°Crkdah, %
FEARAT 55 FH

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

FRIL2 g(KE 0 22 0.01 g)/NEMIAFET 50 mL HEEE .0
B, A 4 mL 70% WG - /KW, R HERRZHEI 15 min,
MBI 5 min 5, 8000 r/min T &0 2 min, B IS
0.45 um FHHLIERE, FFERMIUEMR, BELIEW, REl.
1.3.3 &ANEELMH

3% H:: Thermo Hypersil-Gold C g #£(4.6 mmx250 mm,
5 um); FRSHAH: HEE-0.1%BE R KA W (8:92, V:V); Jiik:
1.0 mL/min; ZAREFFFIAMIEE: 260 nm; #IR: 35°C;
PEREEE: 10 uL,

1.4 HIELIE

1 LabSolutions R4S 1.24 SP1 438 T {Eulk R G4 T
Bl R AL e . AT, FFIF Excel 2010 #4447
g
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2 HERS5SH

2.1 BERHHK
Mol ok K o s
G I8 K 2 T4 W o 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 . ARFRM, SRR f R
KM HillK(237 nm), BHER(216 nm, 268 nm), [A]ZE " H}
(273 nm) , ZEHE5HR(228 nm) , =RHFER =4N1ER(296 nm) |
BEMA(300 nm). AR 6 FhERISIGAAR A 5 R U R,
AMFTERE 260 nm FEARME K, IR AMT, &
YRR RERR, B BsoR Rt
2.1.2 AshAaeyitE

TN A BERE T LA S ER WORIAR SR IR R 2 R
W2 H AT/ INZZ Ry v Z2 Al I TR RS 32 v 4 3 8
A, VEWLA B RCR BN B, (HREE R iR
[IREBE T (k| RGUAE I S A v e IR0 2 R
A AE R WS P AR BB 20 IR, A O SCik
TSI BREE AT T Mg 1 SCRRIF o S b T
Ak, SEERLE LN 6 FhAREASINRIRAS T R4
BIRCRE 1), WA R T 0.1% R K 7 10 F
YER A

2.1.1

125 260 nm, 4 nm (1.00) S

100 c =

i oy £

2 g _ g E
g 751 > = NIR= .
= B RS [
= & z & <
=50t ﬁgg ng =
= XH b =
= i o
25 = I g

N
1 1 1
0 50 10.0 15.0
1 B4 B[] /min

B RS RUE Y ERE A
Fig.1 Chromatogram of mixed standard substances

2.13 AEBM®F

T [F]— WA AH I 28 DA (B AL 1 26 A T, HedR T4
AE 25, 30, 35°CTF X} 6 RhARIE USRI i R B i a] | (i
WAETEL LA R A5 AR N IR 3 5 BE B2, 2R 2 S L 2.
NG R N AT St s 8w D i 1 S N Y B
MBOR, SAEIE S 25°CHI 30°CH, A 1y . HRHE G
PR TC IR BRI 1) o3 i B, (ELREAE AL Y T, %5 2 ()
1973 B RO s AR 35°CI, R iy, R
FENGPRREIABISEL Sy 1 o HAB AR VRV 0500 il AL ) 7 o,

A B 260 nm, 4 nm (1.00 =
200 . 260 nm, 4 nm (1.00) o 125 260 nm, 4 nm (1.00) S
o & =
—~ | < 100 o E
L = w 32} 73 X &=
- 150 g & mg gé =) §§ 11 ®
E B [F LES T g7 25 E S
m100f S8 om 2 i g: £ O
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= 50 | iy i # = = ey
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Fig.2 Chromatograms of mixed standard substances
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O DL ST, BRIAS RIS SR F AR IR 35°C.,
ATACIE R R

R 694

Hui/NE R ik . phi . RIR . KE RIS
S RERIR = ANER . BE X 6 FhAREE USRI AY SR
FERAAK. BEE. M. O RAFEERBRSER —o
IRAAHUMKE RSP, R, ASBFE A LR E XA
Al B HR X 6 Al H AR B A SE ORI T T Hox . 1
SRR —ERRBUROK . FEE. M. )L AR
SR 50% 0 Z TR A A HUFH K TR (50% FH BE/K TR
50%ZIBERKIEI . 50%Z I KON H il PHERE i b1 TR
B, SEEES R R CE MR BUSCR A Tk . FEE
L ZICIRA A MUK B B USR5 — A R 4
BUR o AKAE ARG B, IR, #5526
Wi Z, AR TER, BHEKR, CEENRBORN, &
W, FES g h e g, TRE R b O A
XSSP UTIE R A IE R . EDLIERE |, Ao akei H
AN TR B G K SO L B o A T, 5
IHE R R oR: BRSO 70% I KIEITE ARBUATI, 6

2.2
2.2.1

T 2 T I 70 0 e S AR T A AT 500 2 K%
o BEUL, ASBFFCRFHRSRBUATIA 70%NEKEBEE 1.
222 REBGXGAbE e

FEPRIUHTAL BT 1, MRHES% SCmk[30-31], $2EUT
ALFEIRNBE GBS R BEHE R, MEEHE 47 15~25 min
X—X[H] o AT AL I AT XA [R4R By SR ]
AT T LR o AT ST 5843 5 42 T R HESREX 10, 15, 20 min
PAKGEEFE R 10, 15, 20 min (4RBUSCR, S25645 1 HR:
W HESE I SR A FE G RIS E] 2 15 min J5 1942
BUSCRARSRR S o FEUESERE b, S5 R RN AR, ASHHIE 4k
SR ER R EHEFE HE L 10 mint+5 min. 15 mint+5 min . 15 min+
10 min FIIRBCICR, SCIRL5R BN IRIEHE S R BUSIR
PLF R Es s Fol = 428G $REU (B4 15 min+5 min )5
FIARBCHCR AR RRE (R 2)0 UL, A58 5 2R T iR TiE+
AR 15 min+S min A5 FPEFTHEI.
223 AiERBRA WAL

AT S X6 A WU 0 0 SR VR LA AT T LR o SR A
SR AN AR A 3 A U AR TR N 8 el e —
TE R, FE AP RG R, A5 IR ) [
e TR AT IR I DR (R 3). AL, AWFRHE 1
FERIET A ST 2T LR, OISR .

F 1 AEHREUBFIFT 6 FhaEZ78 7 BT 2892201 (n=6)
Table 1 Effects of different extraction solvents on the recoveries of 6 kinds of illegal additives (n=6)
B p 4 V- IUIQ?F%‘/%A _ _ _ _
Rk iz B =1 HKH R R = TR R — gl -
K il S A 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 K 49.5 4.7 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 T R 76.4 67.9 88.0 89.4 55.5 86.7
80% MG /K 71.8 68.0 86.9 84.6 54.1 87.0
Fz2 TEHEEAXSETERT 6 IEER M [EWERAIS20E(n=6)
Table 2 Effects of different extraction methods and time on the recoveries of 6 kinds of illegal additives (n=6)
FEHCH B F)/min A EMQ;/%
TR i [T St 7 A H R ZREHR = ER I5E I
10 70.1 60.2 80.4 85.5 52.7 80.3
R BE 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
PRI 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 TR HR 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. HEERHFR LR KRR . = ROHEER = ahEh | v kISR T 3 UK
SERIIAR EDSCR S, TIP3 51k 2.5.5.0,10.0 pg/mL,
TR EZ AR 6 IR0 IR 5 haf LIEH, 6 iRk
TR 3 AT KT A9 2 i 2238 FE R 62.9%~100.1%,
RSDs TEFIA 1.16%~2.65%, #BAMZE T B B A5 BT

A 25 A B B 25 TP 70% 2 W K T W 2 A
RRAIEL A (0 R HE R 90 TV, AR EE 43AT 6 i
SERUHERE, UL 6 Rl TV 4 1 e T BLONPE o A
P, SURERIECK, ngmLE DB, B 6 FESE e by
FIAAR X A0 BRUE N ZE . 6 135 VS I 0 4 o PR N
% 0.5-200 pg/mL. LAURHE SN=3 s srkmiomp 25 SRPRERESMR
(limits of detection, LODs), A )5 6 Ff ik v b ) 1 2 JE AR M i BRI BEHLIG Sk 20 4>
PEJPRE . HGFRL. LODs KA A 4, ghge  NFIMIICUNEBIES TR, SRR 20 A/1EH
W1 6 Fidl R RITE 45 AR R e R R, 6 o TR GRR e T R AR
FAER AL B IOHERECOIAT 0999, i O =, PRI 6 FIVIT. 31 i
iy RIS, SUR FH R TR E B 2 —, BT

R B R AR VT BT 80 £ 522 4 R0 2 e e,
24 EREFREE B, R FABRN AR 6 FhET IR
CENTHERE ARSI, BOIR . MR MU, R R,
3 VEREE ST 6 MEEER MR KRN (n=6)

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

_— R/ %
PSR - —+4
Fi, i 2 [ AW 5 R = BB ER =N WL W
T B W g 90.1 80.9 98.4 98.0 64.4 94.7
FEVIEM 91.8 82.7 99.7 99.8 66.0 96.0

R4 o MIBKTMARLM SR, HXFREH, LODs RE&MSER

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

R 5t Lt LEMEVE I/ (ug/mL) AHIE BB (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
] 2R T 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 EER = A Y=15561.24X+2779.067 0.5~20.0 0.9998274 0.2
L7 Y=6568.145X+1111.798 0.5~20.0 0.9998191 0.2

®S5 BMIERRMA LR 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 RN % 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
)4 — 95.3 1.80 99.8 1.27 100.1 1.16
ARG 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 AXTHRE (R 22 (relative standard deviations, RSDs).
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