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Determination of five fluorescent whitening agents in prepared dishes by

gel permeation chromatography-high performance liquid chromatography
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Abstract: [ Objective] To establish a method for the determination of five fluorescent whitening agents (FWAs) in prepared dishes using
gel permeation chromatography combined with high-performance liquid chromatography (GPC-HPLC). [Methods] The prepared dish
samples were homogenized, ultrasonically extracted with acetonitrile, purified and reconstituted by GPC, then filtered before being analyzed
by HPLC. The separation was performed on a Waters Symnetry Shield PR-C4 column (4.6 mm X250 mm, 5.0 pm) using acetonitrile and
water as the mobile phase with gradient elution. [ Results] The five FWAs in the prepared dishes showed good linearity within the range of
2~500 pg/L, with correlation coefficients greater than 0.999. The limits of detection (LODs) ranged from 0.016 to 0.233 pg/kg, and the
limits of quantification (LOQs) ranged from 0.05 to 0.78 pg/kg. At three spiked levels (low, medium, and high), the recoveries for the five
FWAs were between 75.3% and 97.1%, with relative standard deviations (RSDs) ranging from 0.3% to 5.0%. [ Conclusion] The developed
method is accurate, reliable, and highly sensitive, making it suitable for the determination of FWAs in prepared dishes.

Keywords: gel permeation chromatography; high-performance liquid chromatography; prepared dishes; fluorescent whitening agents

PRI R (FWAs) & — JEBEM WO AN IR ity SRR 35, B 20 0 O 432 il B Rk b AT BB S MLV i 28 ) o .
WE OO S, %)if“{éﬁﬁ?tffﬁ\éﬁf/“f@*ﬂr%ﬁ FEOLHE R HA AL 09 A R B A T RE X I AE |
AP AR FE 7 i EE RS BTl T ORI s B B A A AR s A A AR O B KU

BE&TE VL0 1024 RS W I a5 00 % (5 0 PR (202365 ) s SRS i BB 710 551 H (45 : YCBE202466)

BAEMEE: L3 (1976—) , 35, Eh 4l w7 952 95 11 B 45 il v 0> AL LT . E-mail: 1059452181@qq.com

Yofs B #3:2025-06-09 B [El H #1:2025-12-09

SIRER koK, A, WB 2, % BHRE E 65— & RO 655 k000 B b s Mg mn (], B i 5P 2026,42(7)
77-82.

Citation:Li Bingbing, Wang Chunlei, Huang Zhenzhen, et al. Determination of five fluorescent whitening agents in prepared dishes by gel
permeation chromatography-high performance liquid chromatography[J]. Food & Machinery, 2026, 42(7): 77-82.

77



78

24 517l SAFETY & INSPECTION

K1, GB 9685—2016 Wi # a2 FWAs 4% (1 H T 6 & 4 7
TR,

T 7] 3 A SRy B P 22 4 0 i R G B % B 2
DAL 3 b o Al e 5 TR (S i T SR d . kT, R
B AL 07 U B 1 2 TR TS A 20 M, 0 9 R} R R L9 B AT
G AR RS Al BEAE A FWAS T B2 75 Je & b, W9 v 75 11
LR, BT, A AR R FWAS TR £,
B KB A0 & R R ARG 3>, FE LT
M ORI AR, A R
AR SR T 55 WM £ 3 — BB IR 5T % 95 (UPLC-MS/
MS) 43 10 58 T B AR A R S RL R 1 FWAS, 1Z AL 3%
TE 3L 2 IR S 3 R T 7 vk T = RO A i —
B 2 (HPLC-FLD) H AT & vk B 1k 78 R A 48 4
AH S ] B0 A 3 3E TR B O W B E PR S E Ay
Bt 10 A G i A B T 19 0 TR R [ AR A A A L
AR B e 63 R R T T B A AE [ORAIR
FETRON B B R . BEICB OB 635 (GPC) B KRG 4
FRAFE SEBERSF TR, Bk, =
IO Y AT B 52 00 T o) 5 A O i B O b &2 401 4 FWAS RS
MAE

T 58 400 R A TR S b 5 R g AU BE 6 8 ) L A
GPC-HPLC/FLD 8% HI 43 #7 J7 i - 3@ 33tk HPLC 43 B 4
P O 6 4R B 0] B A GPC v Ak 2 4 45 28l 3 T
B, S — Rl R A R I R R A T B (R
AR MBS N E
1 kRS
1.1 #R5iRF

FWA 140, FWA 162, FWA199: 4fi if ==97.6%, I% £ J&
R A 0 3 v s

FWA 135 FWA185: 4l Ji ==91.3%, | iff %2 1% B 1 A ofe
HANR %A PR A

N HBE LR TR R OB B Al 2 BOR M
4l AT PR A

N, N-Z P 5 1 e (DMF) < 38 4l [ 25 42 I 42
A B2

TS . A .
12 FEHEE

o RO 0 35 A8 IE O A I 2% - Agilent 1260117,
FE Agilent > A ;

[ 3h BB B 3 AL ;2 Accuprep B, 3 [ 12
Scientific 23 Fl ;

afi K AL . 1Q 7000 Milli-Q Y, 7 [F] Merck 23 ] ;

2 A R B HL - ST 16R %, 35 [ Thermo Scientific
NEIE

R HE PR 771X : Multi Reax 2 5 1, & [¥] Heidolph 2 A ;

Zl

B 2978 | 20265 7 B | RGBS

B : KQ-500DE Y, B 1118 75 A 25 47 BR 23 7l

4 13l R R He 45 A% - NE-24basic T, T II 357 885 (URE
AR H .,
1.3 iR AH*E
1.3.1  Fp #E ¥ W BC W FR HL FWAL35. FWAL40,
FWA162 .FWA185 fll FWA199 4% 1.0 mg, F§ DMF & % , 1%
bR Gk 25 I OB B 100 mg/L) 5 B 1 mL 4% b 1 i
VAW, ) DMF 2 25, 1918 & m o i [R] V3 W (0T 4t ok
1 mg/L) ;4398 2,5,10,20,50,100,200,500 pL &4 b
PRV i, B DMF S8 2% Bic % i Wk 3 2,5, 10,20,
50,100,200,500 pg/L AR HE 2 TAEE W
1.3.2 FEShmTAREL  ERRFRIN 2.00 g 2495 E TR SERE &
A 10 mL Z 5, #8 75 #2 B 10 min, 6 000 r/min & L
5 min, LRI Z RO D FREIMA S mL 2
JIE A4S min, & .05 A RIEW, AR EE T, m
ASO0mLZBRLBE—RCERED (Vowom: Vien=1:
D%, RS 3 6% (GPC) #E 1T 4 B, B 22~
34 min VW2 43, W46 )5 1 1.0 mL DMF £ ¥, 3 0.22 pm
A HLIER S EALAG I
133 BEKBE GO &M GPC {4 4 S-X3 Bio-
Beads (3R 5 7K 2 48 BE I, 400 mm X 25 mm) ; i 35 AH
LR LTE—R R EYV sprw Vaan=1:1) ;55 B
W 54 5 mL/min; JEAE R 5 mL; SRR F 25 0~22 min
FA VR JBE VA, WAL B 22~34 miin (9 VB D6 VL ; V4 40 ) - 40 C UK
e 4 240 5,48 ‘CHR IR 45 180 s, 50 ‘CHEWR W 4 240 s, FH
1.0 mL DMF E % .
1.3.4  WAH@S &4 @3% 4+ Waters Symmetry Shield
RP-C 41 (4.6 mm X250 mm, 5.0 pm) ;3K 514 A Jy 2% ,
Ui B A B SR K 5 HE IR 30 °C; 3 3 1.0 mL/min; 3 A 1A R
10 pL; A6 FE P8 B 7 % : 0~5.0 min, 20% A; 5.0~20.0 min,
20%~90% A ;20.0~28.0 min, 90% A ; 28.0~29.0 min, 90%~
20% A;529.0~30.0 min, 20% A; # & I £ 365 nm, & 41
K 440 nm,
1.3.5 KflEab  JET Agilent OpenLab CDS Data Analysis
Z G AT R AL TR 3 5T Excel 2019 4K EAT B0 A3 5
CIE X

2 R 500
2.1 HHEBEEERL
2.1.1 @SS ET S F FWAs BB K M 22 5% &

AW W M AR UL 2 IE — K iR 3 AR, LR
Agilent HC-C,;. Waters Spherisorb ODS2-C,;. Waters
ZORBAX Eclipse Plus-C;;. Waters XBridge BEH-C4.
Agilent ZORBAX Eclipse XDB-C,; Al Waters Symmetry
Shield RP-C,; 6 Ffi {73 k1 (4.6 mm X 250 mm, 5.0 pm) {43
BACE . BB 1A, BLRP-C g #E (4.6 mm X250 mm,



F&M | Vol.42, No.7

5501
Agilent HC-C g

1

Waters Spherisopb ODS-C ¢

L .

Waters Symmetry Eclipse Plus—-C ¢ ﬂ

Waters XBridge Bl:H —Ci

ﬂ X

O Agilent ZORBAX Eclipse XDB—C,,

| M

O Waters Symmetry Sgield RP-C

Mg
Response/mAU
n
Qi
T T T T ifr T 1T fr 1 1 1 T Ifr 1 T T Ifr 1 1 T T Ifr T T T T

510 15 20 25 30 35 40
st ]
Time/min

A1l FRE&#EELEK

Comparison of different chromatographic columns

Figure 1

5.0 pm) E Ry 3 B 2RI, 43 B B di s (R™>1.0) (MR
PE U7 (RSD<C0.5% , n="5) W X B P S 1 7 ik 3 3% 900 ik
T R R 2% L P 2 4 3 FWAS (19 [R) 28 43 75 3K, B
% F Waters Symmetry Shield RP-C # (4.6 mm X
250 mm, 5.0 pm) Jg A HEAE
2,12 WML FEONE— KRR R T, %5
Ve B 2 (TD1: 0~5.0 min, 30% Aj; 5.0~20.0 min, 30%~
90% A;20.0~25.0 min, 90% A;25.0~26.0 min, 90%~30%
A;26.0~30.0 min, 30% A, TD2:0~5.0 min, 30% A; 5.0~
35.0 min, 30%~90% A; 35.0~40.0 min, 90% A; 40.0~
42.0 min, 90%~30% A; 42.0~47.0 min, 30% A, TD3: 0~
5.0 min, 30% A; 5.0~21.0 min, 30%~90% A; 21.0~
26.0 min, 90%~30% A ;26.0~28.0 min, 30% A ; 28~29 min,
30%~90% A;29.0~31.0 min, 90% A;31.0~32.0 min, 90%~
30% A;32.0~37.0 min, 30% A) X} FWAs 43 & B B9 52 i) o
i 1 2 T, 2 20 PR B 4350 20% , 15 min PR R 43 4L
1 20% 2 P42 TH 5 90% (X 137 b6 B &1 2R 29 2 4.67%/min)
F, 0 B ROR B AR L ML A5 T L S Bl FWAS 19 48 B B2 (R)
Y>> 1.5, 0 2 R B SR 5 [ i P9 1 AR R
5X10°, RO AR R . T LR ISR, mZ&
Tl 7 1Y Wk I F2 )% S TD4:0~5.0 min, 20% A ;5.0~20.0 min,
20%~90% A;20.0~28.0 min, 90% A ; 28.0~29.0 min, 90%~
20% A329.0~30.0 min, 20% A
2.1.3  Keilldk K AR X S B FWAS IR G bR R

FkkE RREERE—SUREEEENERSIT P SFHELIEEF

550
450
350
250
150
50
550
450
350
250
150
50
550
450
350
250
150
50
550
450
350
250
150
50

TDl

—
e

—3
=]
[\

i )7
Response/mAU
-
jw)
(9%

|

24 26 28 30

S
e

TD4

N P

14 18 20 22
i 1]
Time/min

B2 bR R AR b

Comparison of different gradient ratios of the

-

—
|38

Figure 2

mobile phase
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Table I Maximum absorption excitation wavelength and

emission wavelength of the 5 FWAs

(a=g?] RRBAEP K mm BRI /nm
FWA162 370 469
FWA140 376 465
FWA199 370 440
FWA135 360 437
FWA185 365 434

22 REAFINIERE

BT 50 FWAs 19 1 P RfAE M2 5 258 35 BE IR 15
(GPC) Bk 25 BT 48 BUR A M 2R PP THIE . &
W R T A ke LR L FE—3R S B IR AW S Fh B EL
VR BRI . B R 3 AT AL, O AR BRI (90.1%~
104.8%) & 2 & T HA A ) . peAh R B h, 20

L S O UVE RE ), BE AT R0 BR T S AL o v A4 IR
BRI (BT o, 980 GPC R gk fb i, B, R T2
i 5 o 41 BB )

79



24 517l SAFETY & INSPECTION

CCIFWAI3S BN FWAT40 ESJFWAI62
1207 1 FWA185 [ FWA199
100}

80
60
40+
20+

%

O

i

Extraction efficiency/%

0 -
LR LT

WEE b
L
Solvent type

Wobe LM OTR—H ke

B3 RE B PR 0 g
Figure 3 Comparison of the extraction efficiency in

different extraction solvents
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Table 2 Linear equations, correlation coefficients, limits
of detection (LODs) , and limits of quantification
(LOQs) of the 5 FWAs
L&Y LR *H_j,é ﬁwﬁﬂ EE'HJLFE%/]
28 (pg-kg ") (pgrkg ")
FWAI135 y=3.624 8x+2.8599 0.999 92 0.032 0.11
FWA140 y=0.518 5x+0.2511 0.999 95 0.233 0.78
FWA162 »=0.740 1x+0.269 7 0.999 95 0.169 0.56
FWAI185 yp=3.026 1x+2.1824 0.99995  0.032 0.11
FWA199 y=3.178 0x+2.9855 0.999 92 0.016 0.05

26 EWERSHEMNRERE

i 2 3 AT, 6 YT A7 0k i - 347 [l i 26 Oy 75.3%~
97.1% , AHXT A5 i f 22 (RSD) 24 0.3%~5.0% , 2 B i 56 J7 ¥&
4 Tl i AR e PE A G K .
2.7 HEWEERREHA

e 0 20 3 TG SR HE AT I E 45 R K
FWA 13532 145 (0.76~0.78 pg/kg) , FWA 140 3L 4 £33 (1.00~

Fz3 SHEEREBAFI MIrE K ERFETIRERE
Table 3 Recoveries and

(RSDs) of the S FWAs (n=6)

relative standard deviations

K (1 ng/kg) (50 pg/kg)
&% [y RSD/ [Yg  RSD/ [l RSD/
/% % /% % /% %
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