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Abstract: Objective To establish an analytical method for the identification of Lonicerae Japonicae Flos (LIJF) origin and the
prediction of phenolic acid contents based on near infrared spectroscopy (NIRS) technology. Methods NIRS data of different
batches of LJF from different origins were collected, and the content of phenolic acid components was determined by high

performance liquid chromatography (HPLC), and then multiple data preprocessing methods were used to improve the signal
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characteristics of the spectral data, and feature bands related to the detection targets were extracted by using the feature variable
screening methods. K-nearest neighbour (KNN) and linear discriminant analysis (LDA) were used to establish the origin
identification models, and the prediction results of KNN and LDA models were integrated using the weighted soft voting method.
Support vector machine (SVM) and random forest (RF) algorithms were used to establish the content prediction models for
chlorogenic acid, isochlorogenic acid A and isochlorogenic acid C components, respectively, and select appropriate modeling
methods for each component. Results The origin identification model constructed using the weighted soft voting method had
the best prediction performance, with a prediction accuracy of 95.7% a Log loss value of 0.214, a Kappa coefficient of 0.907
on the prediction set, and the identification accuracies for samples from Julu, Fengqiu, and Pingyi counties were 98.8%, 83.3 %,
and 94.4%, respectively. The constructed SVM model had a coefficient of determination (R?) of 0.810 2, a root mean square
error (RMSE) of 0.313 6%, and a relative percent deviation (RPD) of 2.305 2 for predicting chlorogenic acid content on the
prediction set of LJF samples. For predicting isochlorogenic acid A content, the R? was 0.804 0, RMSE was 0.135 4%, and RPD
was 2.268 2. Additionally, the constructed RF model for predicting isochlorogenic acid C content with an R? of 0.271 0, RMSE
0f 0.052 0%, and RPD of 1.176 3. Conclusion The NIRS technique combined with chemometrics can effectively distinguish
LJF from different origins, and can accurately predict the content of chlorogenic acid and isochlorogenic acid A components,
which provides a methodological basis for the rapid and non-destructive evaluation of the quality of LJF.

Key word: near-infrared spectroscopy; Lonicerae Japonicae Flos; origin identification; phenolic acids; chlorogenic acid;

isochlorogenic acid A; nondestructive testing

AR N LRI B4 Lonicera japonica
Thunb. [T #RAETE BCHHIIT N, BATE RS
B HC B DI R, AT I8 7 AR 7 B S e R
W ERE R R I RO B 0 T 2 1 45 ™ L
PR 23, i A 4 A 1 T 37 75 SR B AN B RS
DL H A B 5 o () T N 6 ), G ERAEAE T [ 25 1
B RS b, ILAREFE B AN A 3 B
A RAE R TE = XD, AN [R] h XCR) 3g8 L Ak
. BN ES 3R S EAE A KR
B, BB R ) SRR T R EAAEROR
(1) 22 0501, ARG T BRSBTS . TR
B2, =GR AN R MR AR, HA IR Rl
Iy e B RS RAAN EE I EE SR B (O E
25 8L) 2020 TR LR ER . TR IR A R Rk
1% C 3 Py RIS By 1) & AT 1 BRI E -
I, N T PRERE R B A DG v 2 55 T AR
P, 0 SRR T P B S R RO R AR S & &
(RIAERR I E RAF IO E

HET, JCERSHTHEARPL S Rel A Euik i R0
AL S HORD IS H T G AR AE I = M s ot 5, (2
XL TR R AT G AR AE A BT TR R ER
My A ERNM. LK, TG (near
infrared spectroscopy, NIRS) Z#HrHiA PLFLLIE
Totis SREEII T T AR R 7 A i A
AR EEMERP T, H2Z2H0ET NIRS £
A BI FUAT 5 0T G BRAEAE: it B AT #0007 4 AL B
M DL 2 G BRAC R E 7 i S pRad 724 o S 4%

[RRE SR04, ROBBER) NIRS XA 0] LAE— @ F2 1
PRACRE S AP AR AE A B A DR 30 O 1
EECRMFMUS, JEHE R T 0 M 251X S8
AL TR R IR R . ABETE
R 24 JEORR SR AE A DI R 1) R, DAAR[R] 7
HIEHRAE BT TN B, R NIRS SRS G051t
BT, LT EARAE R A AR DL AR
TE YIRS R (2 B PR, Dy rh 2 i 7R
JREPRE MRS ¥ A, SRt AOnin PR
I 7 i
1 MRS
1.1 754

FEWALAE . WA ANLARS 3 A EE Xk
SHAEREERA, B XYEHZ N2, 3t
Tt 147 fb ik G KA 25 BT O S IR HU%
U8 NBAFHEY) 24 L. japonica Thunb. [FAE7E .
FEME B WL 1 iR,

®1 SREERHRIEES

Table 1 Origin information of Lonicerae Japonicae Flos
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MR A FEAR% KIH ACC/% Log loss LOO-CV AC/%
- 294 7 915 0205 86.4
No.237 293 7 918 0201 86.7
No.244 293 7 918 0203 874
No.266 293 7 918 0204 87.0
No.237, No.244 29 7 921 0.199 87.7
No0.237, No.266 2007 921 0200 873
No.244, No.266 2007 921 0201 88.0
No0237,No.244,No266 291 7 924 0197 88.3
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Fig. 4 Prediction results of validation set by KNN (A) and LDA (B) classifiers constructed from data processed by 72

preprocessing and their combination methods
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Table 4 Prediction results of KNN and LDA classifiers constructed using optimal preprocessing method and raw data
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KNN - 15 70.4 69.0 67.0 1.501 0.066
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LDA - - 100.0 89.7 85.2 2.800 0.738
SG-MC - 99.5 95.6 943 0.438 0.888
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Fig. 5 Prediction results of (A) KNN and (B) LDA classifiers constructed from feature bands selected in range of 1—100 on

validation set
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Table 5 Prediction results of classifiers constructed using feature variables filtered using PI algorithm
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Fig. 6 Prediction results of (A) KNN and (B) LDA classifiers constructed using feature variables filtered using PI algorithm
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Table 6 Prediction results of optimized KNN and LDA classifiers and integrated learning model
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square error, RMSE)+ RMSECV L4 X AH % 7l 22
(relative percent deviation, RPD) {477 [a] V=45 774 F i
DUKE BEFNFSE 1 o —MR0E AT 5 ALY B 1% B 4
1% R F1 RPD DA A ) RMSE.
®17

243 FEARER)S KA Kennard-Stone (KS) 5%
F R 53t FIEI A J5 AR AR AR 7 03 B EL AR
STNBIEERMIGIESE . 4 MEARLEF 3 PR
EOATWNER 7 s HA R IEEMEIEEE S 3 Mk
BRI ZE R BN, AR TR AR AT AR
LIS U1 S8t R = 5 FVTEN - 1< 39 N B /T o S L oA T
£, A TR ISR Y 132 Ak RE

244 BAEPACETEERE RA 72 FhAdE ik
JIERRL IEERFIIS IR AT R TAL B, SRS i
FHRIF) SVM Fl RF ASEAL . AR AR X 46 1IF 4R 1) 73
WTERE, NEMEEERA &AL T, £ 8

TEREAS D 3 BB KR K& BRI

Table 7 Statistical results of contents of three phenolic acid components in different sample sets

FEASE SRR % FEFEIRA% LR EFRC/%
bEnEE| TFEME WEE biNEE| TEME WEE Y TFHME WEE
B FEA 0.78~4.28 3.02 0.62 0.30~1.75 1.13 0.25 0.07~0.37 0.20 0.06
WIESE 1.25~4.28 3.02 0.62 0.63~1.66 1.13 0.22 0.11~0.37 0.20 0.05
ISF4E 1.25~4.12 3.01 0.46 0.67~1.66 1.12 0.22 0.12~0.32 0.20 0.06
FEEIES 0.78~4.20 3.01 0.72 0.30~1.75 1.13 0.31 0.07~0.36 0.21 0.06
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Table 8 Prediction results of SVM and RF regressors constructed using optimal preprocessing method and raw data

W EAME RERAEE HEN RIER SIER
R? RMSE/% R RMSEv/% R? RMSE/% RPD

2k R R SVM - 100.000, 4.443 0.7335 03186 0.4893 0.4025 0.5003 03262 14220
SG-2" Der-SNV  7.211, 1.673 0.9698 0.1072 0.7450 0.280 1 0.7527 02295 20215

RF - 11,1,2,137,0.999 0.8818 0.2122 0.2017 0.5399 02680 03948 1.1749

SG-2" Der-SNV 19, 1, 2, 462, 0.221 09656 0.1145 0.703 0 0.3144 0.6101 0.2881 1.609 8

RERBEA SVM - 94.419, 7.090 0.7605 0.1098 0.5442 0.146 6 0.5787 0.1450 1.5487
1%t Der-SNV 42.565,0.977 0.8907 0.0742 0.720 8 0.1123 0.7496 0.1118 2.008 8

RF - 3,1, 2,356, 0.406 0.2455 0.1949 —0.0917 0.227 6 0.0463 02182 1.0293
SG-1%Der-SNV 15,1, 2, 154, 0.500 0.9593 0.0453 0.6557 0.126 6 0.6983 0.1227 1.8299

FEJFEEEC SVM - 0.115,12.941 -0.0517 0.0542 —0.1783 0.0550 —0.1213 0.0580 0.9493
SG-MSC-MMS  25.384, 0.037 0.0666 0.0510 —0.0493 0.0518 0.2305 0.0481 1.1459

RF - 17,1, 3,288, 0.830 0.8697 0.0191 0.0450 0.0503 —0.0786 0.0569 0.9679

21 Der-SNV 12, 1,2, 448,0.795 0.9272 0.0143 0.426 0 0.039 1 0.5679 0.0360 1.5292

JEIR T FH AT I 1) AL 3 7 2 A 3 I 1 i B 2
() [l VR TR (P T 5 SR o AR T R 46 NIRS %%
PR, M REAF BRI, X T4 )5
FR %4>, SVM Al RF fi#445i% ¢ SG-2nd Der-SNV
TRAREE T 15 X T REERER A BZr, SVM F RF 45
735l HE 1st Der-SNV Al SG-1st Der-SNV Tiikb#
Jiids T REEREE C sy, SVM A RF B4 53 51
1% SG-MSC-MMS F1 2nd Der-SNV kb2 75 7%

245 FHEEZEEIE RHLEEZLEHR
(uninformative variable elimination, UVE) H.yEFEEL
SRR AR R IR B . T UVE Hik%
AN BEHLE, &KIE1T UVE Hik48 2
FRIE DR B3 A 22 57 . A 7T i80S 5 23847 20 R UVE
SvE, AR I EORT 56 11 £ T 42 e o A PRI ARAAE 8 B
Her. £ 9 En T UVE FikimiES B REIE
A A R I EN AR T &5 3, R RTBUE &

AR ERIE S, K2 ERA B TN Be 1S B PR T .
WA R R Ay @ SVM [a] J- RS20 FH0 3t J5 i
FRAT B, AE T A i A R AR R Y R P e
FITBEAG N T FRARTE OG5 B AR BB ZRY 14 B (1) 2,
ffF UVE 15 2 i RRAE AR A AH B o
AR . Hrp 2 R RN S SR IR R A o) & Al
Fi SVM BERUHEAT I, SRR C sy & 2
RF AR HEAT 7000

2.4.6 BAEREVEAT  RA TR AN AL S 1) ]
AR T PERE, BEEY TIIN 25 SR A0SR 10 B
[ AR AR 1 Y &5 SR 5 s Bl 5 SR A e PRl )
10 Frose HAXT SRR ER o3 (R il R? 9 0.8102,
RMSE 4 0.313 6%, RPD 4 2.3052, {34t H R A
B3 KT R2 9 0.804 0, RMSE A 0.135 4%, RPD
H2268 2, XRERIERE C BTN R2 2 0.271 0,
RMSE 4 0.052 0%, RPD & 1.176 3. i FrA 2 [

®9 (£A UVE BAFESRMSFEZEMIEN SVM #1 RF ElJ3RB§ TN

Table 9 Prediction results of SVM and RF regression models constructed using feature variables obtained by UVE

algorithm
S T FIER IER
R>  RMSE/% R%  RMSEw/% R>  RMSE/% RPD
2RI SVM 49 27.761,1.274 0.9322 0.160 7 07736 02653 07292 02401 19316
RF 61 12,1,2,326,0322 09658 0.1142 0.7180 03073 06175 02854 1.6254
FEJRRA  SVM 41  67.292,1.041 0.896 6 0.072 1 0.782 6 0.0979 07601 01095 2.0521
RF 53 13,1,2,478,0.999  0.960 6 0.044 5 0.647 5 0.1274 07083  0.1207 18613
FEJRRC  SVM 102 9.767,0.048 0.0759 0.0508  —0.0396 00516 02436 00477 1.1558
RF 59 19,3,2,431,0916  0.8914 0.017 4 04679  0.0375 05802 0.0355 15515
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Table 10 Prediction results of optimized regression models on prediction set
. RS
B % Iy S
R? RMSE/% RPD
SRR SVM 27.761. 1.274 0.8102 0313 6 23052
FLRFEIRA SVM 67.292. 1.041 0.804 0 0.1354 22682
FEEFEIRC RF 19. 3. 2. 431, 0916 0.2710 0.052 0 1.176 3
4.5
4.0 A 1.75 B 0.35'C
35 1.50 030"
K30 1.25 025 Fi
£25 1.00
= : 0.20,
2.0 0.75 -
15 ' 015
10 o RIS - RIS s * RIS
0.5 - R 0.25| . > sk o s
1 2 3 4 0.250.50 0.75 1.001.251.50 1.75 0.10 0.15 0.20 0.25 0.30 0.35
SEBRE/% FBRME/ % SBRME Y%
10 RALEVIRBWTUNERFZEE (A) FREE A B) MRLZER C (C) HERERNEHSE

Fig. 10 Scatter plots of predicted results of optimized regression models and actual results for chlorogenic acid (A),

isochlorogenic acid A (B) and isochlorogenic acid C (C)

[ VA R T DA At f 1 00 ¢ S R AT S ¢ S TR A
JR o I (R R AR IER C R (T A R AL
%, XA R RN 4R IR C R e RAEH & &
FHXTEAG, AT A NIRS B4 A PR B o 1E

AR SARTERE B R, M PATE 0 REE R 45
R C o AR IR B
3 e

SRIAEN— KRG B2, BAK
MZGAME . ABFFEE T £ NIRS HAR &R
677 i 55 DT VE RN BR S 1 1) 2 B 8 T vk,
P L TR AR SRR A ) AR R SRR AT DL
SRR T 4 R AE A 77 M, X6 T SR AR A ) T
ACC N 95.7%- Logloss {E4 0.214. Kappa REH
0.907. BbAh, BT &4 BT Al T LUSC A HER 1)
TR 43 SR R R S SRR A o A i, SRR IR A
R2=0.8102, RMSE=0.313 6%, RPD=2.3052;
SERFR A s> R2=0.804 0, RMSE=0.135 4%,
RPD=2.2682, {HX S LR JEEE C Bes3 (1) P 25 R A
#,R*=0.271 0, RMSE=0.052 0%, RPD=1.176 3.
SERRH, AT70E TSR = Hh % 51 DL S 2%
SRR AN S 2R BRI A By 12 B, W DAR TPk
AT S RIE R E. B, s
CUA N T S AR AL Hh ot B 1 o & 2 1) JE i
R AR 7E,  HLTRIRE B 2. SR, JE SR 4

Pt A # ZEN BB IR BUCEE S, AR,
FE SR L BRA 17 32 5 A A SN M 0077 1T £ o2
o ARECZ R NIRS $ARRER RO .,
RN A T AN R, S IR I A S g 1
FEE RSB HRRTT 5. AT T &R
AE TR 7 My 265 79 A0 5 B2 A 2547 25 50 E AT RAAE A6
H TR AL B AT IR T EAT, BT ATETITA
—AEET NIRS FOR IS HRAE B A 2Pl 4%
SEPLEARAE A P 1 R v R SN M 5 o R
UEAh, S ARAE IR SRR ) 2 Bl E 45 2R 5
s ANEFEHL ] PE HAS RO R) ) < AR A P
PRSI & EATAE R 22 7 o IR U I ARAE I
JREAMYE L, AR KOS TR %G
B, T H 2B AR R RSO ] n 05 05 2
HERIW. F, T IRmefRER R ERE
PER—S01E, T E ARSI IR R M BEARAL
SRS T AN L7 G S 2 NI T, &
SERRE L BB AR BRI R . 2T TR
L, SHAERSMPEIR CnFits . 1835 BRI
55 P9 3 A ROy 2 TR AE O R A G
P20, X1, ARG “HRIRR I RS A&
5655 LRI, T A A DR S IRA A Bk b,
JBRPEH 28 o ARKAT AR R AT WG R S 48
MIETARE NIRS ST EARARL & B ik, 5
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