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Optimization of the determination of 11 kinds of bis(triazinyl) aminostibene
fluorescent whitening agents in rice by high performance liquid
chromatography-fluorescence method

ZHU Lv, LIU Jun, LU Chun-Yan, XU Qiu-Sheng, LI Chen-Hao, ZHANG Xiao-Yan"

(Pinghu Food and Drug Inspection Center, Pinghu 314200, China)

ABSTRACT: Objective To optimize the method for the simultaneous determination of 11 kinds of bis(triazinyl)
aminostibene fluorescent whitening agents in rice by high performance liquid chromatography-fluorescence detection
(HPLC-FLD). Methods The fluorescent brighteners in rice samples were extracted with methanol-water-ammonia
(60:39:1, V:V:V), diluted with initial mobile phase. The separation was performed on Waters Symmetry Cig
column(250 mmx4.6 mmx5 pum) by gradient elution using methanol and 25 mmol/L TBA solution as the mobile
phases. The results were quantified by the external standard method. Results Under the optimized conditions, the
11 fluorescent brighteners showed good linear relationships within the concentration range of 0.005-0.100 pg/mL,
and the correlation coefficients were all greater than 0.999. The limits of detection were 0.002—-0.009 mg/kg. When
the standard levels were 0.1, 0.4 and 2.0 mg/kg, the average recoveries of 11 fluorescent brighteners were
72.0%-92.0%, and the relative standard deviation was 0.6%—6.8%. Conclusion The method is simple to operate,
has high sensitivity and good reproducibility, and can be applied to the detection of stilbene fluorescent whitening
agents in rice.
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UltiMate-3000 = &30 AH (A 354 (BL 2 et 4%, 25 E
Thermo Fisher /A #]); Milli-Q Advatantage A10 #3825 /K #L(%:
Merck Millipore 2 w]); KQ3200 # 75 i i vea (R 1L 48
WAL A AT PR W ); K600 22 B fE £ 0 AR AL (FE [
BRAUN /A#]); PL602-L HLF K- LA - LR 2
ri)); HC-3518 & B ALCR BRI A A BR A ¥ o

22 RFS5FEH

F (83540, 35E Thermo Fisher 23 #)); P T H9RAk
£ (tetrabutylammonium bromide, TBA, 44, KEHEmiHE
B AR AL TAFFEIT), EOK (R 25.0%-28.0%, BT #E
KAL) ), MAiKEERE Bilil); 11 R ass bR
HEMh: 2O E R Sbm(FWASbm) . 261 57 VBL(C.I
85). G I BA(C.I 113), #EGHE H57) CXT(C.I71).
POEHE ] 90(C.1 90). #IeHe [177] 24(C.1 24), #tHE
7 SH(C.I 210). 534 [7 BBU(C.I 220). #ytH (5
BSU(C.I 264). ZEH A/ MST(CI 357), %63 (7|
MST-H(C.I 353)(Biit kBN 200 pg/mL+2 %, #3H1H
40 %ZEK, 0 A RN B A YR A BR S |); Waters
Symmetry C g B4 (250 mmx4.6 mm, 5 pm, 3<[E Waters
NGB

10 Fl' 0.45 pm FEALUEME: 2R VO 36 £ % (polyt etr
afluoroethylene, PTFE) . % /K % W | & % (PTFE
hydrophilic) | J& & £F 4 % (mixed cellulose membran, MCM)
5 T £ 2 2 (Reg.Cellulose) . 1 R £, 4 (polyvinylidene
fluoride, PVDF). %7K F i il £ /i (polyvinylidene fluoride
PVDF hydrophilic). J& ¥ (nylon), T (polyethersulfone,
PES). &N (polypropylene, PP) ., B B8 £ 4k (glass fibre), #i
¥k @13 mmx0.45 pm(BEAZE*FLEE); 4 F 0.22 pm 4 FLIE
JiEE: KB VYR 24 (PTEE hydrophilic). 267K B m IR 24
(PVDF hydrophilic). 2% (PP). B{HE T4k (glass fibre), #I
¥R 013 mm=0.22 um(EAE*LR), PIEIEESN A X
B SCNRBH A R AFL
23 EWHE
231 AR

W2 BT e 45 PR R S A R (R34 200 pg/mL), &
IR BRI N 1.0 pg/mL IR HRE TAFEI, 4 °CEt
ffER o IR F RIS fR A e TR, FwiRvshH
BB E 9 0.005.,0.010,0.020., 0.050, 0.100 pg/mL
FITRA PRI TR
232 Hoa®E

VERRFREN 1 g FOKAESL R E 0.01 g) BT 15 mL %
BB LET, B B-K-ZK(60:39:1, VIR, EAE
10 mL, #REYR 30 s, #7455 min J&5, # & 2 min, B 0.5
mL _EZIEW A 0.5 mL FIARIESIARIR 2], £ 0.45 um L
JEJE(PTFE hydrophilic. PVDF hydrophilic, PP, glass fibre,
4 PR IR AT 3k — )ik U 5 VB AH 1S 5B o EAN S
PR AR AR OGS T i T .
233 &Lt

{4 Waters Symmetry C g 835 4E(250 mmx4.6 mm,
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5 pm); FEIE: 30 °C; WiE: 1.0 mL/min; #EFERE: 20 pL; ¥
AH: A FHEE, B AP0 T EIRAL (25 mmol/L), T3l
AR BEVR IR AR W 1; ORI BRI 350 nm,
RHHEK 430 nm,
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Table 1 Gradient elution procedure of liquid chromatography

A 1] /min A% B/%
0.0 55 45
25.0 70 30
35.0 80 20
35.1 55 45
40.0 55 45
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/DB BRI L R L e 3 Waters Symmetry C g #1311 Thermo
Syncronis Cyg HE AT HLEE . 23 LLE & BH, Waters Symmetry
Cig HETTLISE 2438 11 Fhoes (5], HigE 4, Thermo
Syncronis C g A 7 W58 & Fp 035 45 (4 AT 0k 0743 88
C.I 113 1 C.I 357, FRBLAHTFE R Waters Symmetry Cg
FEo ARUEM ISR UL 1,
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W1, CI1220;2, CI24;3, C.I210;4, C.I1264;5, CI353;6.
C.I85;7,CI113;8, C.I357;9, FWA 5bm; 10, C.190; 11, CI71,
BT 11 RO bR A W € 35 151(0.020 pg/mL)
Fig.l Chromatogram of 11 kinds of fluorescent whitening agents
standard solution(0.020 pg/mL)
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Fig.2 Light stability experiment of 11 kinds of fluorescent
whitening agents
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25 PR e #s, % PL PTFE hydrophilic. PVDF
hydrophilic . PP, glass fibre(4 Fb f3 £L 38 5 B A% 25 4
Q13 mmx0.45 pm) R FLIE AT 11 R f 770 i [l i 5 3
ATEsE, FoA 6 kA 5 A4 TP I8 R [ e e 5 i A K,
T3 1 11 790 R Al A L Y0 5 4 T A

SR ilt— S L BRI ALAR R /INKT 11 R S8 11571
MIBCR A sE 0, BRI S 4 RSl g BE(PTFE
hydrophilic. PVDF hydrophilic. PP, glass fibre)f#iL#% 5 ek
4 013 mmx0.22 pm, HFFER I EHINE, SLHasRE
W, )R R T FLARAS ) 4 L 4 L Ay e TG
WS L8 EPrR, LB TN 11 R H R

FUREI 25 SR e B e E
3.5 FERZSE TR

TERALSCPE T, BURABRE T AR 5 sh AR Ak
J#°40.005, 0.010, 0.020, 0.050. 0.100 pg/mL ARG hRE
YV, VA HbniE TR MR B R AL R, DA
W TR IAAR R, ZhlbRifEfh<R, 1521454150kl
I RRFIAESE R (D). A3 3 FR, 11 Foeth b ngk
PEASE REII KT 0.999, #4407 0.005~0.100 pg/mL ¥
FEFEE N B RAFIIZIESCR FEC IS KRR
VRIIGE R FE TR ARV, HERR 2.3.2 AR AL AL
UG 2 EFERI, DL 3 AREMELE(SINYTHH A i FR (limits

Wl S AT AR A, BEBRG 3 H AL B BN PR UE B of quantification, LOD), 455 L& 3.
®2 10 HFLIBREEE%)
Table 2 Recoveries of 10 kinds of microporous membranes(%)
11 FhF s 157
AL N
CI220 CI24 CI210 CI264 CI353 CI8 CIl113 CI357 FWASbm C.I90 CI71
PTFE 50.5 44.0 41.0 20.5 19.0 69.5 66.5 17.5 53.5 62.0 51.0
PTFE Hydrophilic 99.5 102.5 99.0 98.0 99.0 98.5 99.0 99.0 98.5 101.0 99.5
MCM 46.5 21.5 0.0 0.0 0.0 61.0 50.5 0.0 11.0 28.0 0.0
Reg.Cellulose 49.5 25.0 0.0 0.0 0.0 61.5 53.5 0.0 13.5 26.5 0.0
PVDF Hydrophilic 100.0 102.5 98.5 97.0 99.5 98.0 99.0 99.0 98.0 100.0 99.5
PVDF 40.5 34.0 31.0 15.0 14.0 63.0 59.0 13.0 44.5 54.0 42.0
Nylon 38.0 34.0 0.0 76.5 70.5 0.0 0.0 66.5 0.0 0.0 0.0
PES 99.5 101.5 98.5 96.0 99.0 89.5 88.5 96.5 75.5 84.5 62.5
PP 99.5 102.5 99.0 98.0 99.5 99.0 98.5 99.5 99.0 101.5 98.5
Glass Fibre 100.0 102.5 99.5 98.0 98.0 99.5 99.0 99.0 99.5 101.0 99.5
R3I MABEFTIMELSE, HXREFEHR
Table 3 Standard curves, linear correlations and limits of detection of 11 kinds of fluorescent whitening agents
PO AR £ R £ M8 B/ (ng/mL) LM ml ) A PSS LOD/(mg/kg)
C.1220 0.005~0.100 Y=41503050.5070 X -4177.8654 0.9999 0.002
Cl24 0.005~0.100 Y=41937580.6470 X -4181.5846 0.9999 0.003
C.I210 0.005~0.100 Y=45593879.8532 X -1410.9749 0.9999 0.003
C.1264 0.005~0.100 Y=49880133.6162 X -3185.6861 0.9999 0.003
C.1353 0.005~0.100 Y=63836701.0785 X -11065.5802 0.9999 0.002
C.185 0.005~0.100 Y=41043750.6197 X -17501.0314 0.9999 0.009
CI113 0.005~0.100 Y=39470345.7742 X -3029.2911 0.9999 0.009
C.I357 0.005~0.100 Y=63640686.0395 X -16335.9716 0.9999 0.007
FWA 5bm 0.005~0.100 Y=69713652.3784 X -1304.6103 0.9999 0.006
C.190 0.005~0.100 Y=56651370.9595 X -1286.9452 0.9999 0.004
Cl171 0.005~0.100 Y=65957963.8805 X +2748.8741 0.9999 0.004
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3.6 [EWERFEEE

FRECES U ROKBESb A4 T3, 4308 0.1, 0.4, 2.0
mg/kg 3 NAFKFIIRA R AR, #IR 2.3.2 #F ikt
BT B, FEORARLT I (O S R T, R
AT EATINE 6 W, 5 R ARG %R, 11 Fhe
SR ERIINAR 0.4 me/kg B EIFEIILIE 3. 11 Fhol e F

=4

R E LR MK 4 Pos, FHEIER 72.0%~92.0%,
A8 Xt A5 ME i 22 (relative standard deviation, RSD) A
0.6%~6.8%, FRBIANIFTLE 7 1Y Jr v BA RLAF A4 v aff 2
KR, AT R LR E H R K, M52
W ARAR, T REZ A5 61 R UM R, it
Ao ) 3 A R R A0 ™ A SRR i

11 FTESEHE B 7 B T 19 B YU A0S 2 E (n=6)

Table 4 Average recoveries and precisions of 11 kinds of fluorescent whitening agents(n=6)

IINHE 0.1 mg/kg
PO AR TR

s

HeFE 0.4 mg/kg WA E 2.0 mg/kg

S IR % RSD/% - IR /% RSD/% S IR % RSD/%

C.1220 82.0 4.0 85.5 1.7 90.3 2.5

Cl24 82.0 1.6 84.0 2.8 86.5 0.9

C.1210 80.0 5.0 84.0 1.8 86.8 0.8

C.I264 84.0 35 88.0 1.6 92.0 15

CI1353 84.0 15 86.0 27 89.3 3.6

C185 76.0 55 82.5 2.0 84.6 0.9

CI113 72.0 6.8 82.0 3.9 83.9 2.9

C.1357 84.0 3.2 85.0 1.8 90.0 0.6

FWA 5bm 74.0 5.1 81.5 2.0 83.2 0.9

C.190 84.0 32 86.0 1.7 89.0 0.7

cI71 725 2.1 80.0 2.4 82.9 1.0
107 TR —, PRI S 5 K 11 RR I 15

7 506 Ry A —E & .
g 5.0¢6 4 & it

= 2506 A FEAA BOHE T 5 RCRAR €335 -5 Y AR I 32 [w] s
FEROK R 11 R PR B9 73 B 5 i, %07 125 R LOKE e
_(1’:822 UM 11 FOEHE N 58 40 B, A LA Y ImAR [l i %y
0.0 10.0 20.0 30.0 40.0 72.0%~92.0%, K% N 0.6%~6.8% . 5K 5 BIS
P[] /min 201903 (& ahH R SRR B B 7 RIDOEHE AR i E )

H:1, CI1220;2, CI124;3, C.I210;4, CI1264;5, C1353;6.
C.I85;7.C.I113;8., C.I357;9. FWA 5bm; 10, C.190; 11, C.I171,
30 11 RIS R AR i Y AOBAR (R 1] (bR B2
0.4 mg/kg)

Fig3 Chromatogram of 11 kinds of fluorescent whitening agents
recovery rate experiment(Standard concentration was 0.4 mg/kg)
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