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High Performance Liquid Chromatography (HPLC) Method for the
Determination of Thioureain Wheat Flour and Its Products
WANG Qiu, HE Hai-tong, LI Jin-qing, ZHOU Ming-lin, LIU De-qun
(Guangdong Testing Institute of Product Quality Supervision, Foshan, Guangdong 528322, China)

Abstract: This research aimed to establish a determination of thiourea in wheat flour and its products of
high performance liquid chromatography (HPLC) method. Thioureas in wheat flour and noodle samples
were extracted with pure water under ultrasonic conditions at 25 °C for 15 min. After centrifugation and
filtration, they were separated by Agilent ZORBAX SB-C;g column with mobile phase of 0.02 mol/L
phosphoric acid-disodium hydrogen phosphate buffer solution (pH=3) + methanol =98+2. The detection
wavelength was 236 nm, and the quantitative method was external standard. The range of thiourea was
0~20.0 pg/mL and the linear relationship was good (correlation coefficient r=0.999 99). The limit of
detection (S/N=3) was 0.5 mg/kg and the limit of quantification (S/N=10) was 1.5 mg/kg. The spiked

recovery test and precision test were carried out on wheat flour and surface samples at three levels of method
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detection limit, 2 times method detection limit and 10 times method detection limit. All the test results met

the requirements of spiked recovery and precision in Appendix F of GB/T 27404—2008 <Criterion on

Quality Control of Laboratoriess—— Chemical Testing of Food>. The method was accurate, stable and

reliable for the determination of thiourea in wheat flour and its products.

Key words: thiourea; thiourea; wheat flour products; high performance liquid chromatography

ik (thiourea ) JE—F & HALEY, HEM
AOCER AR, XFONBRAURER, PR R |
PUAALRIREAE, T T 8580E, wal e
A R R — BRI, T
B RTEAEE | BT LS i i U A
FERM, BRI — A, B2 AEH]
A AR R AN L BOBLAE 2 G AR A
BB, KA T RE Bk . TS RERE I
JEFFE . SERRARHIREAR . 4 s ek
DR e 3 P AN AR 7 A D £ 8 50 4 T 8
o A SRR TTAE H R MBS G s XU s I A R
J AT T A7 ) G ) /N A BRG] Ay b AN TN
fik, LREIERE . AR . TN R
il At N RO AR R LAY R SRR, B2 AR 0
Z, IR AR R A 224, S8 V) E s
TR AN PRGN /N Ry B FG o PR BRAIR PR 7 3% o

FURT, 02 SRR A 20 A 07 ik 2 28 oot
kL BT ORRE . RSO TR LR SRR
- BRIk KR
PRI S R T R A5 0L RS T i Ak
FERRUIR S AT T RS, SRR R A IR

BRI AE R SOF, FEHIEF i xt Soi

PEATIN B A B MR B, R AR 2R B SOF S
TR R 6 F R B IR B B 5. /NSy S
A TR F AR A 2, SRR (g% D)
T v R8CHAH €833 - SBT3 I P Y i AL B e B LA
DS e . m, DB, PRI E 2R R IR
FEERITFB ., (TH 2 %P2 i O i vk
N T TR S R DU A, KR
FEMMIRBOK , H Inertsil CX BHES 132 b E 4743
B, SRR (S/N=3) & 2.0 mg/kg, H
R BT B AT G T B IR A 9 B bmaft, (A
G i 24 it WA BIUR) A A B Ab TR I T i R
J & T AT i O AR 20 B A D /N2 A eh

BRIK A5 2 A 38 7 ik i A4 (2016 4F247 196
Z) MH—/ N2 R IR A E BIS 201602, 1
T AGE T/ R PR IR I, IS 2 2
IE T /AN, AR  EAb R
& ( HILIC 3E7KEE ),

AR SIZG XoF /N 22 oy S ) it v B R P D A A
HEAT T HIFGE, WPRE ST AL BR AR R LA R
7Rk, B RFSE THTAL A IR, B
FEREN, — PP sk, A L RERIN Tk
1 #RlERA=E
11 XSE5H#

LC-30AD j# i Z80BAH 35 (e A A% 8
Gk ): HAREAF; JI500Y BUH /300
TR & P AR A FRA R ME204/02
LD VA Nl N P e w52 3 I E Ao B A/
JP-C400 AU RIFYEAR )N T R A
FI AR T ; centrifuge 5804R Y = 3 ¥ 1R 5
OFL: TARA SRR DA RAF

TRIRARAE S (4HE=99% ). b2 pl
FIB A PR F 5 BEIR — A 8% (J3ral ). Bilpkis
W O ED A RA A BEER (Aigal ). Kigt
kb Bk 2R A BR A R B (@ggal ). 2§
BOCHRBHE (hED ARAF; S A
alisK .

0.02 mol/L #MR — AW (pH=3.0): HEHf
FREUBER — 8% 2.4 ¢ T 1 000 mL sl A,
B 900 mL LK, B, &5 TR
WA pH = 3.0 (K% 1 mL #f2 ), FHh#4likE
1000 mL %%, 1EA5))53d 0.45 pm JEREA .

AN B HERIRE A, SR AT A T .
12 LWHE
1.2.1  FRUEE AT ]

K B AR BB IR FR A 10 mg T 100 mL &4
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o, oKWt mB R ZIE, BRI E R
100 pg/mL MY BRIRAR HMERE 25, 70 AR HL 0.1,
0.25.0.5.2.5. 5.0, 10.0 mL pr#ifif & T 50 mL
A, FKR R R 20 B A5 2R 73500 0.2
0.5. 1.0, 5.0, 10.0, 20.0 pg/mL M ZRFNFrAET
VRV, Rraligk (0 pg/mL, HEBRIEH L) FHR
GIBRHE T AR W 4% B B R A R AR kR, 1]
ARARZS U TR S Fm MV TR L A SR T 1 .
1.2.2 HEAHTAL B

JeBEHE TR S AT PR I, A dRiE L 40
H, 2o MERRFRIC/INZE e il R T 5 24
2g T 50 mL AR, A 2K 20 mL IR5T,
fE25 °CTF M 15 min, B4, IR5], 5B 2 50 mL
BT, 10 000 r/min B0 2 min, IR IE
JEE E AL
1.2.3  {UER&ME

% . Agilent ZORBAX SB-Cjs (5 pum,
4.6x250 mm ); JalAH: A: HEE, B: 0.02 mol/L
WEBR — S BRI, A+B=2+98, ZEREVEME, Wk
0.5 mL/min, #:iE: 25 °C; ¥EEEE . 10 pL;
R4 A 236 nm,
2 ZBRESH
21 HRETAEEGHRL
2,11 FREGAH r e

MR 2 2 SCRRU AT S R G B B T — ek
K. HEE, CREMOEE, AR SCHNT 0 SRR
PEPCHICR AT T A o BEHU/IN A FIVEE THIAE o 45
—A, BAEESAREUR BT E R 4 6, RS
A BIRAR RS W, AR ILIK . HEE . O
OB ARBUAR, PR 2.2.2 PRt
T T EAE, BE BALIE o AR AR Y
T IR T LR /N Sfe X FE BRI, o S 4 2 (AL
BL1) 58X /INZ A3 R T 2 ORCR B AR 1 34 R
K, KR KON, WEE, CEESCRAEN RS, K
WA SE AR, ]I AT R A A it Jhk b
vl VS fA R RE I 0 o B AR A v T T 2 A
PR RG2S 7E 190~800 nm HEAT 40Uk B S
R IGRNRAE 236 nm AbAT S R M (WLIEL 2, ik
FEOK P e R d K 236 nm . ZHE K

238 nm. H K 240 nm. 4K 246 nm ), A
PERE 236 nm AR IR AH (015 1 BRI % K .
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Fig.1 Histogram of peak area of labeled samples
with different extraction solvents
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Fig.2 Thiourea ultraviolet absorption spectra of
the standard solution

2.1.2  HAHRIBUR B AR

PEHL— /N R R — AT AR S, BIFR
BUEE A 5 0%, 43 S0 A 25 B AR R TR s v i 45 T
PIIKAE & B0 7, 4390 7E 20, 25,30, 35,40 °C
T TR 15 min, 8B 1.2.2 FrRdbfr#4E,
S EAILGEDN ARl 25 AR it P i JOR 0 1 R R /N
FEACHR IR . Sem i 2R (WA 3) RW/NZE R
FE S HE R G A PR OR B AR 25 °CHT I TR
FHE 20 CHEIETRL, (H 25 CZJ5, MiHR
YOI B (Y T i W T BB AR K, FE 40 °CHHY
PRI T FRAS NI L, 1T BB R Ay il B ok v s
TR R . BIULAS SCERERE 25 °CobE 4
LI R
2.1.3 AR A Ak

VI — /N R R — AT AR 5, BIFR
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Fig.3 Histogram of peak area of labeled samples
at different extraction temperatures

B 5 0y, 43 i A 45 a2 ) B R T i 25 YA
PIAKAE M EEBUOA R, 78 25 °CTF 20 Sl 7 $2 5 10
15, 20, 25, 30 min, MR 1.2.2 frik 174
S0 EALGREIN ARl 25 AR o A At IR e T R R/ e
PEEHRUOR . SEgm g R (W 4) RN R
i R TERE B S B (] E 15 min A 04 T AR 1
BRFAE 10 min BFRYIEEER, (HAERRHURT ] K
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Fig.4 Histogram of peak area of labeled samples
at different extraction times

LR, ARSI AT A R LKA
PEHUAR, 7E 25 CAMFT A HEE 15 min,
LA 10 000 r/min B ELL 2 min J5, BVEWGE
U AL 5E o
22 BURBEBRENFLEGEHMRL
22,1 s ERE

MR 2 2% SCHRCTAT S IR 4 3 A — ek H
BEK . CMGE-KIRZR, XX BRI sh AR R i1 T

TH% (WK 5-a, KB 5-b), HTHIRMIAE I
K, B H EE SR 6 0 B BARAIG, 7E SORE AT
ARSI TRA, g, HigERE, B
W25 P P S AR AR N ] o AR SESR b T AEK
FHHPIN R - £ TR B 5% v R/ PP B RO TR - TR —
Bl % rh /P B K € 3 e ) s ( DLIEL S-c
Kl 5-d), ZEAEKAH AN 0.02 mol/L iR -w ik
TR WL (HBERR Y pH = 3.0) B IEIE i
i, Ee A A AR R 0.02 mol/L BER -WE R
T A AT EE=98+2, TEUL N 0.5 mL/min AT
BAFREETE , SCa R FHAF BEVRI , A B TR
WERT R, RALEAE SRR, BT AT
T EE K R0 B v R, DU BB p vk (i
B, ERAE kTS Y, O HARIER TR, [FIRY
M REAE A A5 A 1Al FH A4 o
222 IEHR R

4 S0 R - OK 5 2 I - KA Sk 3 B A 1R
A, B SEREK A 250 mm B9 CigbE, BRARAY
PREESARTHAR, Hgith, WIS, BUSHE A
W M, 4% 18 BJS 201602 J5 ik R ETR , K (o %A
A HILIC A+, {H 0 250K i 1 B2 B0 57 A
YE S B BRI R S ol O, A REFE R SN 2
+7K=90+10 B, RATE A1 T2 00 O B8 Bsf [ g
B, B4 2.1.1 Tk, 24 USSR 2 U
PRI T TP AR B 59 1, T RE 23 1 BUR = AR IR
SR RO o YR PR IR - — A 2% vh R+
AR A R, BIEERE 0 Cis #E, g
RAF B W IEIE , KRR LRWIESE T Agilent
ZORBAX SB-C g (5 um 150x4.6 mm ) #£ | Agilent
Poroshell 120 EC-Cig (4 pm 150x4.6 mm ) #EHl
Agilent ZORBAX SB-Cig (5 um 250%x4.6 mm ) #F
=P A R I R T (S5 R ILIE 6 ),
Agilent ZORBAX SB-Cig (5 um 250%x4.6 mm ) #F
BABERKRERTE, AR THEIKS 5w
TE, AR S B0 e A B (B35 4 Agilent
ZORBAX SB-Cig (5 um 250x4.6 mm ) ffj5%H:,
223 @SR R

TEF— AR RS AT, X T
BRMRARHE W ( 20.0 pg/mL ) 1£ 25, 30 1 40 °C
TR H R e 1 £ B I 1] T T 4 5 i, ST 45
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Fig.5 Chromatograms of thioureain different mobile phases
e oa: WA EEK (2%198%); b: TEIH N ZHE+K (2%+98% ); c: TahHH N H FE+

LTR-CTREE v ER (2%+98% )5 d: Ji AR g TP B+ B RR-WEAR — Ak vk (2%+98% ).
Note: a: methanol + water (2%+98%) as mobile phase; b: acetonitrile + water (2%+98%) as mobile phase;
c¢: methanol + acetic acid-ammonium acetate (2%+98%) as mobile phase; d: methanol + phosphate - ammonium

dihydrogen phosphate (2%+98%)

as mobile phase.

6 AEGEEEHRREITE
Fig.6 Thechromatographic peaks of thiourea on different chromatographic columns

. oa: @7EH N Agilent ZORBAX SB-Cjg (5 um 150x4.6 mm ) #; b: (A%~ Agilent Poroshell

120 EC-Cis (4 um 150x4.6 mm ) H; c: (@it Agilent ZORBAX SB-C 5 (5 um 250%4.6 mm )

Note: a: chromatographic column is Agilent ZORBAX SB-Cis (5 pm 150x4.6 mm); b: chromatographic column is Agilent
Poroshell 120 EC-C5 (4 pm 150%4.6 mm); c: chromatographic column is Agilent ZORBAX SB-C,g (5 pm 250x4.6 mm).
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Tablel Peak areas of thiourea standard solution at
different column temperatures

B R A o 75 W BRI T A (AR )
(20.0 pg/mL ) 25 °C 30 °C 40 °C
3 547 437 3547 539 3547 029

23 AEEEE
23.1  KEh L m 2l

A S B BEH A 26 MV LA 0~20 pg/mL. 435l
FHLO0.1. 0.25, 0.5, 2.5, 5.0, 10.0 mL pryfERK
W T 50 mL AT, HKMBERZIE, 53
WRE /500 0.2, 0.5, 1.0, 5.0, 10.0, 20.0 ug/mL
(1) R BN BRI TR IR, 4 4li7K (0 pg/mL ) IR
PR T AR R e FRVR B F A B MR MR, DU
MREWEE (X, pg/mL) RREAdR, WAL (Y)
AR, xR e, A5 E] Wl E R AT G
2B (r)o FIEHFEEN Y=177 636X-616.712(r=
0.999 99), FIARIKTE 0~20.0 pg/mL fY e 15 [
Lk RAF
232 kb PRAE R R

BB NRAR AR AR BB, OB
T AE , 3 F5EME LT (S/N=3) BRMRARE R B
JE24 0.02 pg/mL, XF R AL & 7R 0.5 mg/kg,
10 f5{5 M FEES (S/N=10) it IR b vHE 1 T vk 5 Ay
0.06 pg/mL, XJ L YRR S & 2 1.5 mg/kg. I,
PR 2.0 g, E A BN 50 mL B, A5k
K FR A 0.5 mg/kg, EmBRM 1.5 mg/kg,
233 bRl

XF TR S AR BT, I e s S g 1 A
Tk B . 2 A5 A R L 10 7k PR
15 3 7KFIR B /N2 A A it R TETAE o S e IR
1.2.2 Zb3 S LI AR £ o AR R Y B
FEAAE R 28 RO, PRI 220 B PR o A
FETH BRSS9 17, 8 5IA 50, 100, 500 pL
W R 20.0 pg/mL (B 0.5, 1.0, 5.0 mg/kg =4~
KV AR, AR ACE AR 3 K, T
AEPRJE AL, bR SR S B A5 R L3R 2,

S 45 TR 2 W /N A Ry R TR B4 B R

R2 WRMAREKEIBER

Table2 Thiourea standard addition recovery ratetest results

L R L
/(mg/kg) 1 2 3 Nmglkg) WH/%
INER 05 042 045 041 (43 853
1.0 095 091 090 092 920
5.0 471 485 492 483 o965
i 0.5 040 042 045 042 847
1.0 092 093 090 092 o917
5.0 459 473 487 493 o4

FISCR B A A GB/T 24704—2008 S25 (S04 %
Bt e AL B S A ) BifSt o o
R, IEMZOT A HER . TR
234 JIEKTEE

XEF Rl RO EE T T, R S SR A Ty
R IR 2 D5 R R 10 T A PRt AT
3K, BEAK 6 UOPATS, TR
REX R G 22 ( RSD ) BRMROAS % B8 52 46,0 7 45 2R
WA 3,

x3 MBEBEEIRMNEER

Table3 Results of precision test of thiourea
pe s AR JIb R4 (g k) FH{ RSD
Amghkg) 1 2 3 4 5 ¢ /Nmgky /%
INEE 0.5 0.40 0.42 0.48 0.42 0.47 0.50 0.45 8.97
) 1.0 0.95 091 0.97 1.00 0.93 0.92 0.95 3.58
5.0 4.58 4.76 4.61 4.74 491 482 474 2.64
e 0.5 0.41 0.46 0.47 0.42 0.40 0.41 0.43 6.83
1.0 0.92 0.93 0.90 0.98 0.94 0.92 093 2091
5.0 492 474 4.62 458 487 481 476 2.86

KRS 45 R4S GB/T 27404—2008 52
g (5250 = B S AL B SRR ) B S F
HORE 2 0K, IEIZOrE R e . AT EE
2.4 SEBRFEGRIIE

Fi HRCEE ST 1) 7 1 8 W S F A b At & T 1
20 13 /INZZ M RE S R 10 4034 10 R i 2204 Ah B RN
S, BRI FE S PR ) S i S A R
BIARAG R o X H 3 /N2 M R i o — 07 T A
A AT bR TS, A InAKEH4 2R 1.0 mg/kg,

TR ENSCRZE B3 58 93.1% 1 94.8% ., B Ik bk
HE S LT /NI R RE G I DL BN B

BEA TG ILIE 7 CHE AR o LS IR R
1 EL3 1 5 /N A B AR — ),
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Time 5.581 Inten. 0.694
Time Inten. 236 nm 4 nm (1.00) Time Inten.
236 nm 4 nm (1.00) 235 nm 4 nm (1.00)
=

5.974

—F

(G 5969

5.960
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£ B B} (] /min
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A B 5} (8] /min
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Fig.7 Chromatograms of thiourea standard, wheat flour sample and wheat flour standard sample

T a: BRARERAES CQIEE; b:

ANZERARE R EIE 5

c: /NEERIMBRAE KR

Note: a: Chromatogram of thiourea standard; b: Chromatogram of wheat flour sample; c: Chromatogram of labeled sample of wheat flour.
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A S AR IBGA T, BRI 236 nm, B it
FL A5 T SRR R 2R X BRIR (4 O B3 Bof 1] L S T 1)
SN, BERE 0.02 mol/L BEMR-BER — S 4% 2% il +
HiE=98+2 i sl , 14l Agilent ZORBAX
SB-Cig HE . 1%77 8 BAT BEARAYAG Y FR A E B PR
SR 0.5 mg/kg Fl 1.5 mg/kg, XA S HE4T Y
Ty 1 SRR WK TE 0~20.0 pg/mL (A7 N 46
PERYAE, HIERE r=0.999 99, % )5 EAyhnbrE
WA S 0 FORG 9% B LB A5 SR AT GB/T 27404—
2008 Fff 5% F AR, IEIZ ik RE S R, . F e
A E ARSI /N 22 A e L o b B BRI B A o
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