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Fig. 1 The molecular structure of amaranth and ponceau 4R
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Fig. 2 The fluorescence spectra of amaranth solution
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Fig. 3 The fluorescence spectra of ponceau 4R solution

Concentration/pg « mL™1: 1: 10; 2: 205 3: 30:
4. 40; 5: 50; 6. 60; 7. 80; 8: 100

VWA S PR I I B 298 470~720 nm. A PIAS 220104
WA K A3 3 292 495 A1 575 nm,

H A [5] 9 B2 3 W PO 1 T LR B . POt X iR
BRI Z A BA AR AR . G 2Oei Mg, #mwe
DR A PR R 2 T A2 A4 . M L AT 30 9 Sl K X B 5 R R
XF 56 A B B R RG . R, TC vk il 26 A 6 B R B AR
AR

2 FHAR Ta) ik R B 2 0 2 of JIK i £ 1) S A
Ll

78 ) Bk bR B (RBF) M 28 1) 2% 2 — 0 3 70 1 #0251 42 0
%, E— A HEAZ . RS R ZE R 3 2 H A R
A B AE ST SR, BB )2 SR B AR 1) B bR B O % 3
BRIRC, — Ry R 0T 0K B, i 2 X i AR XA A AR S e
I o A Ie] 3k BRI BSORH 20 D0 465 25 ) 167 SR BROR )2 B )2 (AT
BRIl AP, i L, i B R e N A
H5RUERIIS YA, HAME— IR EE TS, RRUMEER
B AT — PSR R B, Ik, TR 2R & G0 E R T B
ERER D=
2.1 T 4% B9 B Sr

LA CE-2 NGRS R0 = B BN D b A T
T B DN A5 1 5 1% v BRI, A Pk Y I e £
WL S B, R S E K N 475~615 nm, #FF 10 nm
B—A a5 AR 16 AN 980 I A 1 S S R B (R, XA
Xof R 8 AN ] e JBE 1 W i 200 W A5 3 8 G Al . T —
b G VE S P 48 RRAEA . i AR B2 A E0h 15 A, P 48 % i
HAs i A IR L e B B R & e~ 8oh 14,
W 2 A 2 T A B i e R R B R TR BB B M 4ot
BONTTF U s 18 A5 38 0 — A4 28 70 #0 B J5c I BR B8 1 B AR iR
25, A A IR B 0 4% B THORG RE DU 4% S 3 in w2 oo A B, B
WA B o R Kk A O 3 SIS B Bl A B R R 28 T A
. GEHEMAZITHAN MM, RE%E, &R
F PR B BT W B (SPREADY U 1,

8 A6 TE R b, ROk B 43 5S4 10, 20, 40, 80 A1 100
pg » mLT 5 AR AU GRE AR B, X R 45 AT I 2R, 4
PERERBC Y iR 2, g BARiR2E R 107", &3t 3 Wil
G MERENTREME . BARSRmE 4 Fis,

10715
10724

10+

Performance

10

107° ! : : : T !

0 0.5 1 15 2 2.5 3
3 Epochs

Fig. 4 RBFNN (1) training process



708 Je i 5 R A 5530 £
2.2 AR 4L R B MO T 107
B FE 43 3R 30, 50 1 60 pg » mL™' {3 4L4E N
BEAS 37 JH I 45 0 ) R K 28 10 2 30 1 v g 10
CEam) B, B R AR IR 22 R 1. S5 R R, %M 2% E 102
BA RAF R E U0 vERE . 00 vEAf B AR ‘%
&~ 10 \
Table 1 Prediction results of ponceau 4R 104 . :
solution concentration 0 ! 23 4 > 67 8
9 Epochs
. /(ii‘/‘%iff{ N /(E‘U'.l“?ﬂ% N *ﬁxj;f'é?é Fig. 5 RBFNN (2) training process
1 30 29.573 0 1. 42
) . o e - 3.2 MBS ARG LA IR
3 60 57. 639 0 3.93 Bk B 45 Sk 40, 50 F1 80 pg » mL 'Y 3 KA

T 3 L1 W TR R U I B L Oy v Ml B S AR T

3 FHAR 1) FE pR KR 228 0 2% XoF O SR 215 I IR 41
3R 51

WM EE Q&N . AA8. A% S0, s
R R A 0915 B il I 2. A5 R 2515 BB e g ¢
. FEAEREFRBEAE Ak [ 3 N AR X R B G R, R,
2P % B R BRI RE 0 . AR S RO 2 45 AL
SR AL RO R PR, PR IR L AL
3.1 RBI MM ET

[EIRE . i I 4 i A T i g DA 22 S S T3 PR 48 1 22 08 191
— Al AL B S T BN o EL R SR A 8 SR 4T U VO IR AR 4T Y
FAETEE A, kSPGB M 480~660 nm., AEFF 20 nm
B B 10 AN 2O IR b 19 ZE iR B B, XA
XFRL 16 Fil ke, 153 16 4165 50E . 0 — 405 18 S P 45 4
AEMH . AR M A TTA RO 10 A, il 2 a5k 1
Ao i B B IR SR, 0 AR ISR, 1 AR MR
EANS

A 1) B bR BRI HBOAT R B 1 BV BE 439 R 10, 20,
30, 60 Al 100 pg « mL 'Y 5 41 T 3 L1 IR IR E 4 5k
10, 20, 40, 80 1100 pg » mL ™" 19 5 2 JIA I 21 55 W& 16 R VIl 5
FEARKE . IR B bR R 1077, &b 9 IR, M%IR
ZIRPV SR, BARERRAIE 5 R .

z %

[ 1] LIU Fang, QIN Xiu-rong(X

W AR E 4> 5 R 30, 50 A1 60 pg » mL' Ay 3 £ NS 241 I8 W
PE R WO AEAS . 07 B 3R IR 5 09 428 1) B R BR800 4%, iF
FTRBITO , B2 2, 0 BB, 1 RN
BTV, AN HERG R 100% . 45 RRW . Z M LA R
BT P e . R A R

Table 2 Identification results for kind of food colors
FEA ELSA T FEA ELSH U B
1 0 —0.017 9 4 1 1.084 1
2 0 —0.0350 5 1 0.912 0
3 0 0. 000 8 6 1 1.037 4
4 45

B I A 8 3R S LD IR 2= 9L B . AE S AL
K. R AR ZEOL . SR IAE A 8 Fh IR L A TS AL W
0 AR L0V WO I 92 0 . RIS L 1 Bl . K o
AP R A G T B AR S VN ZRREAS . 20 T B 1 9k L
SE I S 3 Y A 1) R R R 28 R o L ik B T SE ol 22 T
2% X R i 0 7 T I0 Ae AR  A  RE TI  F  2RL SF 2AH X
B2 2. 2600 BOMER MBI E T KR Z0 R Y e B . LA D
ZE U 0 228 00 245 T ST AR A AT U PO . AR U TSR
ST WD R R LTI U MR B R Gk 10006, O LA R
6T 43 BT RIAR 1] HE R RO 22 P 45 RO, T 1L TREEL i
T T T BT £ 3K B Al % D' ) ) SE e A ) i 2
WU O R e i RAA

X it

F5. /). Science and Technology of West China(H1 [E PHHEF %), 2008, 7(17) . 56.

[2] TANG Yun, ZHU Yun-song(¥#% =, RK=H#). Food and Nutrition in China(H [E &Y 5 &%), 2008, (7): 6.

[3] GU Yan, QU Ming(% &, Il
[ 4] Clark Andrew C. Eur. Food Res. Technol. , 2008, 226 925.

#]). Chemical Analysis and Meterage(fk2# 0 F1it ), 2004, 13(1): 42,

[ 5] Vlase T, Vlase Gabriela, Modra Dorina, et al. Journal of Thermal Analysis and Calorimetry, 2007, 88(2) . 389.

[ 6] Yoshioka N, Ichihashi K. Talanta, 2008, 74(5): 1408.

[ 7] Gand'la-Herrero Fernando, Garc'la-Carmona Francisco, Escribano Josefa. Journal of Chromatography A, 2005, 1078 83.
[ 8] Panagiotis Arapitsas, Sjoberg Per ] R, Turner Charlotta. Food Chemistry, 2108, 109 219.
[9] Rauf M A, Akhter Z, Kanwal S. Dyes and Pigments, 2005, 67(1); 77.



%03 S 5 ORE o A 709

[10] YUAN Yan, XIAO Han, KANG Hong-jun, et al( #, B ., B8, ). Spectroscopy and Spectral AnalysisOfRE 2 5 G3% 4>
), 2009, 29(3) . 777.

[11] LIU Zhou-yi, ZHU Tuo, GU En-dong, et al(X|JF1Z, & h, B4, 45). Acta Optica SinicaOG2%2#4) , 2008, 28(6): 1106.

(12] CHEN Guo-qing, ZHU Tuo, WU Ya-min(BRE P, &, RWHD. Acta Optica SinicaOL2A2£4R) » 2008, 28(s2): 139.

[13] DONG Feng-guang, JIANG Zi-tao, LI Rong(# g, 2T, 22 7). Food Research and Development (£ fh #1598 571 %), 2008, 29
(7). 42.

[14] ZHAO Hai-juan, WANG Jia-long, ZONG Wei-guo, et al G X¥FIE, X ., FZiE, 4. Chinese Journal of Geophysic(HiBR ) FE2#3) »
2008, 51(1). 31.

[15] Celikoglu Hilmi Berk, Cigizoglu Hikmet Kerem. Mathematical and Computer Modelling., 2007, 45(3-4) ; 480.

[16] Zhong Qiu Zhao, De Shuang Huang. Applied Mathematical Modelling, 2007, 31(7): 1271.

[17] SIMA Wen-xia, LIU Fan, SUN Cai-xin, et al(F] & 3#& . X L, #hAHr. %). Acta Physica Sinica(4f B2 4) . 2006, 55(11) . 5714.

[18] XU Jin-gou, WANG Zun-ben(#F4: 4. F 2 A). Fluorescence Analysis Method (7¢ %4> #77%). Beijing: Science Press(db it . Fl 2% it
), 2006.

Determination and Identification of Synthetic Food Colors Based on
Fluorescence Spectroscopy and Radial Basis Function Neural Networks

CHEN Guo-qing, WU Ya-min. LIU Hui-juan, GAO Shu-mei, KONG Yan, WEI Bai-lin, ZHU Tuo"
School of Science, Jiangnan University, Wuxi 214122, China

Abstract Taking ponceau 4R and amaranth as an example, concentration prediction and kind identification of synthetic food col-
ors by fluorescence spectroscopy and radial basis function neural networks are introduced. By using SP-2558 multifunctional
spectral measuring system, the fluorescence spectra were measured for solution of ponceau 4R and amaranth excited respectively
by the light with the wavelength of 300 and 400 nm. For each sample solution of ponceau 4R, 15 emission wavelength values
were selected. The fluorescence intensity corresponding to the selected wavelength was used as the network characteristic param-
eters, and a radial basis function neural network for concentration prediction was trained and constructed. It was employed to
predict ponceau 4R solution concentration of the three kinds of samples, and the relative errors of prediction were 1.42%,
1.44% and 3. 93% respectively. In addition, for solution of ponceau 4R and amaranth, the fluorescence intensity corresponding
to the fluorescence wavelength was used as the network characteristic parameters, and a radial basis function neural network for
kind identification was trained and constructed. It was employed to identify the kind of food colors, and the accuracy is 100%.
These results show that the method is convenient, fast, and highly accurate, and can be used for the detection of synthetic food

color in food safety supervision and management.

Keywords Synthetic food colors; Fluorescence spectra; Radial basis function neural networks; Concentration prediction; Kind

identification; Food safety
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