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Fig. 1 Schematic diagram of laser-induced

fluorescence experiment system
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Fig. 2 Data processing flowchart
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Fig. 3 Fluorescence spectra after pretreatment

(a), (b), (¢): 266 nm excitation; (d), (e), (f): 355 nm excitation;

(g), (h), (): 405 nm excitation; (j), (k), (I): 450 nm excitation;

(a), (), (g), (j): Sample A; (b), (e), (h), (k): Sample B; (¢), (), (i), (): Sample C (the same below)
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Fig. 4 Dimensionality reduction diagram of training set data
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Table 1 Recognition rates and standard deviations of three kinds of honey under different excitation wavelengths
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Table 2 Recognition rates and standard deviations for different excitation wavelengths and classification algorithms

MR Ak A B ¢
/nm "k P/ % Z1/% PR 22 PR/ % Z{6/% b2 PR/ % 2246/ % Fr 2=
KNN 98.75 0. 008 1 100 0 99. 97 0.001 6
266 SVM 97.18 157 0.014 4 98. 87 113 0.0105 98. 88 109 0.009 8
KNN 92.77 0.027 7 93. 62 0.018 0 98. 20 0.013 8
). 67 0.1 1.40
399 SVM 92.10 0-6 0.034 0 93. 48 - 14 0.018 3 96. 80 i 0.016 4
KNN 92.85 0.025 1 98. 88 0.009 5 96. 58 0.014 6
I~ I~
409 SVM 92.75 0- 10 0.023 3 97.78 110 0.018 6 95. 63 0-99 0.017 7
BB K432 45 B W A, 450 nm 3R 943 280 B L
3 4 ® RigZE, MM 266, 355 1 405 nm & T A FEAE 5 A T35 5 2%

TS IOCE AR B IR 2 S RIS T
28R BIBESE . B 266, 355, 405 Il 450 nm PU A R I
K, WAL HLS ] PCA-LDA & 3 (OBOIE R 4k . R 5 3 F %
4 5 I 2 4 B @ o KNN HE SVM 3 28 BE R, % 5 o
IR FR PEAT 20 2R 0 o 3k X 52 56 BOHE A B0 B 2 B, B

PR B E 92% L b, Hdh 266 nm i & I & PCA-
LDA B2 Je KNN 43 2445 B 1) 43 JE U0 % e i » 97E 98. 504
PLE, H B S ERZE P REES RN 5 R0 R e
HE 1005, IEWH TEOEE R UORB AR T EZ S Rl R B
SRR B AT AT R, T T B R A& S R 0 R 1 PR v

LY

¥, %), Modern Food Technology (FLAL & S RBHH), 2019, 35

GE Xue-feng, WU Yan-wei, ZHAN Zhi-min(5240, REH . #EMH. Analysis Laboratory (#7852 ) , 2017, 36(6) . 660.

ZHAO Jie-wen, HAN Xiao-yan, CHEN Quan-sheng, et al GBAZS 30, &/, B4 M. 28). Spectroscopy and Spectral Analysis(JGi4%% 5

References
[ 1] Hegazi N M, Elghani G, Farag M A. Journal of Food Science and Technology, 2022, 59: 2527.
[ 2] KANG Hai-ning, CHEN Bo., LAN Fang. et al(JEV 7, . ¥
(12): 328.
[3]
[ 4] Karoui R, Dufour E, Bosset J] O, et al. Food Chemistry, 2007, 101(1); 314.
[5] Chen H, Xu Q, Jia Y, et al. Applied Optics, 2021, 60(21): 6140.
[6]
AT+ 2013, 33(6) : 188,
[ 7] Bong]J, Prijic G, Braggins T J, et al. Food Chemistry, 2017, 214 102.
[ 8] Bong]J, Loomes K M, Lin B, et al. Food Chemistry, 2017, 267(30): 355.
[ 9] Szymanska E, Gerretzen J, Engel J, et al. TrAC Trends in Analytical Chemistry, 2015, 69: 34.



2812 T 5 R A A #5125

[10] ZHOU Zhi-hua(J& &%), Machine Learning(HL28%%3)). Beijing: Tsinghua University Press(L 5% . T k2%t pi4l) . 2016.

Classification and Recognition of Adulterated Manuka Honey by
Multi-Wavelength Laser-Induced Fluorescence
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ZHANG Yin-chao', GUO Pan'

1. School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China

2. Academy of Military Medical Sciences, Academy of Military Sciences, Beijing 100071, China

Abstract Manuka honey is produced in New Zealand and has strong antibacterial and antioxidant effects. The price is relatively
high, and adulteration incidents have occurred frequently in recent years. This paper uses laser-induced fluorescence (LIF)
technology to classify and identify Manuka honey adulterated with syrup. Four commonly used lasers of 266, 355, 405 and 450
nm are selected as excitation sources, and three brands of New Zealand Manuka honey (No. A, B and C) adulterated with
baking syrup are used as experimental samples. The adulteration ratio ranged from 0% to 90% , with an interval of 10%. Each
sample solution has been tested 60 times under different excitation wavelengths, with a total of 7 200 sets of data. For the
spectral data, firstly, pretreat with fluorescence band interception, smoothing and normalization; Then, randomly select 80 % of
the data as training and 20% as test sets. Principal component analysis (PCA) combined with linear discriminant analysis
(LDA) is used to reduce the dimension of the training set data; Finally, K-nearest neighbor (KNN) and support vector machine
(SVM) classification models are established for the dimensionality reduction data respectively, and the test set data are classified
and identified by the models. After 50 times of random grouping and classification calculation, the recognition rate’s average
value and standard deviation are obtained. The experimental results show that the excitation wavelength greatly influences the
final recognition results. The recognition rate of 266 nm excitation is the highest. The recognition rates of the three Manuka
adulterated solutions are more than 98. 5% , and the highest can reach 100% ; 355 and 405 nm excitation are the second, and the
recognition rates of all samples are greater than 92%; The classification effect of 450 nm excitation is the worst, with the
recognition rates less than 66 %. Therefore, the comparison of classification algorithms only uses the spectral data excited by
266, 355 and 405 nm. The analysis results show that the classification effect of the KNN algorithm is better than the SVM
algorithm. For the three honey adulterated solutions excited by 266 nm, the recognition rates of the KNN algorithm are more
than 1% higher than that of the SVM algorithm. According to the experimental results, using LIF to classify and identify
adulterated Manuka honey is feasible. For Manuka honey adulterated with syrup, among all combinations used in this paper,
266nm excitation combined with PCA-LDA and KNN algorithms has the highest recognition rate and the best classification

effect, which provides an effective method for rapid and accurate identification of adulterated Manuka honey.

Keywords Laser-induced fluorescence; Multi-wavelength; Manuka honey; Adulteration detection; Classification

and identification
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