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Abstract

In order to better identify the origin of honey and ensure the quality and authenticity of honey,
the Pb and B isotopes of eighty-four honey samples from area A and seventy honey samples from
area B which were tested by ICP-MS. The principal component analysis method was used to
analyze the experimental data and found that the samples could be well dispersed. According to
the experimental data, five prediction models were established through Mass Profiler Profes-
sional, namely Decision Tree, Naive Bayes, Neural Network, Partial Least Squares Discriminant
analysis method and Support Vector Machine model, and thirty honey samples were randomly
selected for authenticating. The results show that the comprehensive prediction levels of Deci-
sion Tree and Naive Bayese models were better, and the overall prediction accuracy of the sam-
ples was 93.3% and 83.3%, respectively, with high accuracy. Therefore, it is feasible to use In-
ductively Coupled Plasma Mass Spectrometry to determine the isotope ratio of Pb and B in ho-
ney to trace the origin.
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ORI 122 S, R R M Ok SR A 1 LR 36 LB AEAE 22 5, R PRI 22 ST DA IX 432400 S 372 i
SRUES]. A IFI A 22 LA (5 B 5 A 3 R BE B IAR S — b < [ SRERE07 L HERIRIEAS BAENE
S 5 2 L ARIR B 06 B, T LA AR A R AT S B B4 6] [7]. A ELERT . Pb A1 B
FIfL BB BRI EUN, 2R IR BN EIER, RS E5, MR 45 H S (R 3%
B8], DRHE G e & rh Pb I B R 22 HUAE T L — a2 R S L Hu (5

2. MR55%E
2.1. SEERMR

BEHRNRE

TR A IXIESE T 84 MEEFEN, w5708 RI-R70 A1 A-N; T-HRIL4 B HIX WL T 70
AN EREN, Ji 5 Y1-YT0. HAFE M A-N 2 JERSGAE (FR 7K E , 7K 3 B0 A BRIG A6 ),
A0 SR A S (PR B R SRR A B 48 T~15 R A5 70 47 BRI 1 B SR g 22) .

DOI: 10.12677/hjas.2020.1011141 920 ol


https://doi.org/10.12677/hjas.2020.1011141
http://creativecommons.org/licenses/by/4.0/

i Etk 5%

22. EWAE
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2.3. BRI E

1) RH B o ri2d AT s b B
2) ifjd Mass Profiler Professional %t #2537 5 Fh s 7y ,

3. BB BERE SR
3.1. ERASH

G, R4 Fr(principal components analysis, PCA) & —fh i AL HE IH AR o A Ik S5 A ]
LS MassHunter 30F R AE IS5 . 1T Mass Profiler Professional % f4:# PCA Sy 45 1) 154 4
WEEERE S R P A1 B FIALER LUAEBAE AT T 0, AR 120 R Fh ol B R AIE 1T & 73 FLARRAE 7 2
WRAREE— F s 3 = FE R B = F s bR e AR A E . s 1 R, SN ER S H
82.83% M ZE R H AT HA 17.15% M ZEF . ME 1 AT IR H A HhIX 855 F1 B b X i 5 5 47 1) 7
BT, WEGFEREZES. WK 2 Fizs, Component 1y 82.83%, Component 2 4 17.15%, #MK4r2
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AN 77 b PR W R 5 X A3 T

3.2. i#id Mass Profiler Professional #0432 37 5 MR BRI THIE AT

ARG S M5 (1 Ph A1 B[R 2 HE £, @it Mass Profiler Professional 444 fik i 22 B2k i 1t
595357 Decision Tree. Naive Bayes. Naive Bayes. Partial Least Squares Discrimination A1 Support Vector
Machine 5 R SR J5 M\ 154 Mg B i Hh AL 5 1 30 AN B RE i Bl AR Rl 5 Mo A EAT IR IE
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AT IR . K EAE S PUOAHER % 85.7%:  JlZAE FE il A MERG T8 100%: SR TIH HERG %4

93.3%.,
0 2 030
8 6 4 2 0. 0—0.05o 0 0.05
(<]
2 o) 2
o o &g
1 O‘o@ &% © o 1
aPSs@e®,
s e
Q a2 (<]
J)i 2.0 o R
1 L= 1= -1
_— &£ &
X=AXis _Z\Z-Ams
0.10 5 0
-0.05 4
0 6
005 8
X-Axis  Component 1 (82.83%) ~ Y-Axis  Component 2 (17.15%) ~ Z-Axis | Component 3 (0.02%) ~

T AOILOBER A XIEE; ROSORER B X IEEH,

Figure 1. 3D scatter plots of standardized scores of the first, second and third principal components
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Figure 2. Component 1 and Component 2 interaction diagrams
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Table 1. Prediction results of samples with the Decision Tree model
= L ORRHRBE TN R

Sample Predicted Confidence Measure
A A HLX 0.86904764
B A HLIX 0.86904764
C A Hi[X 0.86904764
D A HLIX 0.86904764
E B Hh[X 0.14968815
F AHLIX 0.86904764
G B Hh[X 0.702953
H AHLIX 0.035714287
I A HLIX 0.023809524
J A Hi[X 0.015873017
K A H[X 0.86904764
L AiX 0.015873017
M A HLX 0.035714287
N A Hi[X 0.023809524

R1 A HL[X 0.86904764
R2 A Hi[X 0.86904764
R3 A HL[X 0.86904764
R4 A Hi[X 0.86904764
R5 A Hi[X 0.86904764
R6 A Hi[X 0.86904764
R7 A Hi[X 0.86904764
R8 A Hi[X 0.86904764
R9 A Hi[X 0.86904764
R10 A Hi[X 0.86904764
Y1 B Hh[X 0.027027028
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Continued
Y2 B Hu[X 0.702953
Y3 B HhIX 0.702953
Y4 B Hu[X 0.702953
Y5 B HhIX 0.702953
Y6 B Hu[X 0.702953

e 2 fros, SiRERHTHNE. B Gy LAY i A XU BRE R R B X8, JLR UG SR
PRAERFRIIIR o e rh K BERE S PPN VEERA 50 64.3%; U ETRE i FIAIMER R 0 100%; A TIAIHERR %y 83.3%.

Table 2. Prediction results of samples with the Naive Bayes model
2. AhRIIM AR B A mTUNLE R

Sample Predicted Confidence Measure
A X 0.99998695
B A HLX 0.99071246
C A Hi[X 0.9999898
D A HL[X 0.99990946
E B Hhi[X 0.99996674
F B Hh[X 0.9856031
G B Hh[X 0.99892896
H A HL[X 0.8140591
I B Hh[X 0.78068566
J B Hh[X 0.99909556
K A Hi[X 0.9891715
L A HL[X 0.7194127
M A Hi[X 0.9645297
N A HLX 0.838846
R1 A Hi[X 0.9999541
R2 A HLX 0.9342053
R3 A Hi[X 0.99988693
R4 A HLIX 0.9997991
R5 A Hi[X 0.99995977
R6 A HLIX 0.9994365
R7 A Hi[X 0.99469525
R8 A HLIX 0.99998707
R9 AHLX 0.99916196
R10 A Hi[X 0.9963174
Y1 B Hi[X 1.0
Y2 B HiX 0.99996746
Y3 B HiX 0.99998873
Y4 B HiX 0.9993743
Y5 B HiX 0.9950814
Y6 B Hh[X 0.99998504
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Wk 3 PR, GRERMTNE. Fu Gy | JFIL K] A HX &R SR H N B X i, H4emg
BHRE IR . o K BERE S TRHEIAE R N 57.1%;  BUVERE T PV R R N 100%; SR T
%N 80.0%.

Table 3. Prediction results of samples with the Neural Network model
= 3. MEMEEBERTUNEER

Sample Predicted Confidence Measure
A A HLIX 0.99359053
B A HLX 0.98107266
C A HLX 0.99372786
D A HLX 0.99314636
E B Hi[X 0.9364933
F B Hi[X 0.8173527
G B HiX 0.9540458
H A HLIX 0.9814089
I B HiX 0.88297635
J B HiX 0.8978136
K A HLIX 0.98803186
L B HiX 0.6775134
M A HLIX 0.9909479
N A HLIX 0.7445743
R1 A HLIX 0.9932259
R2 A Hi[X 0.9498078
R3 A Hi[X 0.9937407
R4 A HLX 0.99356985
R5 A HLX 0.99354964
R6 A HLX 0.99122494
R7 A HLX 0.989168
R8 A HIX 0.9936146
R9 A HLX 0.9931807

R10 A HIX 0.9915782
Y1 B HiX 0.976394

Y2 B HiX 0.9444288
Y3 B HiX 0.9565607
Y4 B #h[X 0.9849892
Y5 B #h[X 0.9848449
Y6 B HiIX 0.96751696

Wk 4 R, SGRERMSHNA. Co Dy H. I, Ko L. M. N. RL. R3-R10 ] A Hii[X 125 RE 5k
AN B HIXHEZE, 459 Y1, Y2, Y3 1 Y6 [ B HiX BEEERE iy A X 5%, H AR ERER
PIWERRBIR . HAr K SRR T PRIV RN 35.7%; A EE AR L ORI MER 2 18.8%; LA TRHIMER RN

DOI: 10.12677/hjas.2020.1011141 924 b k=


https://doi.org/10.12677/hjas.2020.1011141

i Etk 5%

26.7%. [A Partial Least Squares Discrimination A&7 Fiiil 45 S afy AR JE K i ANE 28, FREE— DT
W

Table 4. Prediction results of samples with the Partial Least Squares Discrimination model

= 4. RN ZRFIF SHERBERAUNER

Sample Predicted Confidence Measure
A B X 1.0
B A HLX 1.0
C B HiX 1.0
D B HiX 1.0
E A HLIX 1.0
F A HX 1.0
G AHLX 1.0
H B HiX 1.0
| B HiX 1.0
J A HIX 1.0
K B HiX 1.0
L B HiX 1.0
M B HiX 1.0
N B HiX 1.0
R1 B HiX 1.0
R2 A HIX 1.0
R3 B HiX 1.0
R4 B HiX 1.0
R5 B HiX 1.0
R6 B HiX 1.0
R7 B Hi[X 1.0
R8 B HiX 1.0
R9 B HiX 1.0

R10 B HiX 1.0
Y1 AHLX 1.0
Y2 A HIX 1.0
Y3 A HIX 1.0
Y4 B Hi[X 1.0
Y5 B HiX 1.0
Y6 A HIX 1.0

M5 i, GRERFS E. Fy Gy Hy 1L Jo L ATN B9 A XS RE Fl iR 0 B Hi X s,
A B S SR IR o L K B R S TPV B A 42.9%;  RVEE A O TIOAIERF 2 100%; B ik
TR HER 228 73.3%.
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Table 5. Prediction results of samples with the Support Vector Machine model
= 5. XFmEHIERHRTUNER

Sample Predicted Confidence Measure
A A HLIX 0.70190066
B A HLIX 0.44260293
C A HhIX 0.71174926
D A HiX 0.5705406
E B HiX 0.21196511
F B Hi[X 0.09008128
G B Hh[X 0.24775423
H B Hi[X 0.06948437
I B HiX 0.07481677
J B Hi[X 0.17212494
K A Hi[X 0.21599102
L B Hu[X 0.016840093
M A HLX 0.049866084
N B HiX 0.00829848
R1 A X 0.62136555
R2 A HLIX 0.24387659
R3 A HLX 0.5188967
R4 AHLX 0.4870414
R5 A X 0.6245153
R6 A HLX 0.46506914
R7 A HLX 0.28082657
R8 A HLX 0.69515735
R9 A X 0.38310745

R10 A HLIX 0.28542745
Y1 B HiX 0.38796112
Y2 B HiX 0.28105345
Y3 B Hh[X 0.34292746
Y4 B Hh[X 0.3626987
Y5 B HiX 0.33895746
Y6 B HiX 0.38918075

4. ¥ig

J@id Mass Profiler Professional {4 371 5 Flifii i A v, Decision Tree #5581 1) 7K B it T A
Fhxi, N 85.7%; Decision Tree. Naive Bayes. Neural Network 1 Support Vector Machine #5% (1) p #h
FE P 26 5 5y, 3390 100%;  Decision Tree A5 84 (R il S A4 FUHIME R # i 1, Naive Bayese fA4 1K
oo o RS R i B DI 5 SV 2 B R v T K R i IR A R A, AR IR SRS K B R
HIAEAE AT BERZ M T R AR T [ TR K T 25 EJTiR, Decision Tree il Naive Bayese #5754 £ & Tl 7K °F Lt
B, BABE AR,

DOI: 10.12677/hjas.2020.1011141 926 b k=


https://doi.org/10.12677/hjas.2020.1011141

i Etk 5%

5. &

BT SR 3 A BT S0 AS I A AT A BT A B, R IR RT DA oy O, BB A B IX
AT B HEIX i E R S P R0 B R R P 22 R . ks S50 ZdE i ik Mass Profiler Professional 1
G 5 AP TR , FF A% 30 AN AL oo L AT TR AIE , 45 2R % W], Decision Tree H1 Naive Bayese
BB ZR G T AT EUBLAF SRR G IO HE B 2270 79) 09 93.3% A1 83.3%, AATE mEmivE . XRWIA St
SEFIIIE AR A B A RR A TUAIRE S o RIG, A R G 5 B A I i vk N v e v R AL K RO
B LA SREAT P o 10 7 SR ATAT 1. BT A IR SES g — S I B RE R OROK B, R REREA T AR
A TRIAER . DG BB 7S i 2 it — 0 e B K B R AR, R+ 2 I KRB R i .
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