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Quality evaluation and multi—spectral identification of origin herbs of
Lonicerae Japonicae Flos based on grey correlation-I'OPSIS method
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Abstract  The grey correlation-TOPSIS method was used to evaluate the quality of the origin herbs of Lonicerae Japonicae Flos and
the Fourier transform near-infrared ( NIR) and mid-infrared ( MIR) spectroscopy was applied to establish the identification model of
origin herbs of Lonicerae Japonicae Flos by combining chemometrics and spectral fusion strategies. The content of neochlorogenic acid
chlorogenic acid cryptochlorogenic acid caffeic acid secoxyloganin isoquercitrin isochlorogenic acid B isochlorogenic acid A and
isochlorogenic acid C in six origin herbs of Lonicerae Japonicae Flos was determined by high-performance liquid chromatography
( HPLC) and their quality was evaluated by the grey correlation-TOPSIS method. The Fourier transform NIR and MIR spectra of six
origin herbs of Lonicerae Japonicae Flos ( Lonicera japonica L. macranthoides L. hypoglauca L. fulvotomentosa L. confuse and

L. similis) were collected. At the same time principal component analysis ( PCA)  support vector machine ( SVM)  and spectral data
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fusion technology were combined to determine the optimal identification method for the origin herbs of Lonicerae Japonicae Flos. There
were differences in the quality of the origin herbs of Lonicerae Japonicae Flos. Specifically there were significant differences between L.
Japonica and the other five origin herbs ( P<0. 01) . The quality of L. similis was significantly different from that of L. fulvotomentosa L.
macranthoides and L. hypoglauca ( P=0.008 0.027 0.01) and there were also significant differences in the quality of L. hypo—
glauca and L. confuse ( P=0.001) . The PCA and SVM 2D models based on a single spectrum could not be used for the effective iden—
tification of the origin herbs of Lonicerae Japonicae Flos. The data fusion combined with the SVM model further improved the identifica—
tion accuracy and the identification accuracy of the middevel data fusion reached 100%. Therefore the grey correlation-TOPSIS meth—
od can be used to evaluate the quality of the origin herbs of Lonicerae Japonicae Flos. Based on the infrared spectral data fusion strategy
and SVM chemometric model it can accurately identify the origin herbs of Lonicerae Japonicae Flos which can provide a new method
for the origin identification of medicinal materials of Lonicerae Japonicae Flos.

Key words  origin herbs of Lonicerae Japonicae Flos; grey correlation-TOPSIS method; quality evaluation; spectral fusion technolo—
gy; chemometrics; identification study
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Table 1  Information of 6 kinds of origin herbs of " Lonicerae Ja—
ponicae Flos"
No.
RDI~17 Lonicera japonica
RDI8~47 L. japonica
HN1~7 L. confuse
HHM1~6 L. fulvotomentosa
HHM7~33 L. fulvotomentosa
HX1~18 L. hypoglauca
HZM1~22 L. macranthoides
XZM1 ~18 L. similis
1.2
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A ( CHB201217) . B (
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) o
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min 8% A;33~36 min 8% ~10. 6% A; 36 ~40 min PCA
10. 6% ~11.2% A;40~45 min 11.2% ~14% A; 45~ N n
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Table 2 Linear equations R” and linear ranges of nine com—

ponents
RZ
TS
y=2x107x-7 012.3 1.000 0 0. 136~426. 260
y=2x107x+49 454 1.000 0 0.975~3 046. 627
y=1x107x-4 668.3 1.000 0 0.120~376.171
y=4x107x-4 190.6 1.000 0 0.029~90. 005
y=1x107x+377.34 1.000 0 0.139~434.549
y=4x107x-21 491  0.999 9 0.071~222.048
B y=3x107x-82369 0.9999 0.193~604.720
A y=2x107x-141 193 0.999 9 0.459~1 434.391
C y=3x107x-108 068 0.999 9 0.284~888.004
5o
“ » Ci 4o
-TOPSIS N N
Al B. C
43 »
SPSS Statistics 26
5

P 0.01;
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Table 3 Content of chemical components of origin herbs of " Lonicerae Japonicae Flos" mgeg”!
B A C
HHM2 1.336 25.204 0.478 3.764 11.258 0. 442 0.794 63. 638 4. 288
HHM3 1. 351 25.345 0. 466 3.904 12. 121 0. 508 0.736 64. 507 4.385
HHM4 1.274 25.708 0. 490 3.533 11.225 0. 444 0. 878 66. 088 4.939
HHM15 0.910 20. 876 0. 506 2.617 4.167 0. 624 0. 865 52. 809 4.113
HHM19 0.797 20. 554 0.411 2.935 4.631 0.573 0.760 50. 498 3.396
HHM21 0. 854 20. 997 0. 508 3.052 4.258 0.553 0.771 54.390 4. 050
HN2 6. 665 41.367 4. 669 0.424 13.430 0.674 1. 615 28.928 5.299
HN3 5.981 40. 680 4.030 0.610 10. 283 0. 549 0. 940 28.901 3.678
HN4 6.262 38. 556 4.530 0. 350 10. 412 0. 556 0.999 26. 614 3.528
HNS 6.357 41.170 4.167 0. 622 11. 071 0. 660 1.037 29.110 3.603
HN6 6. 165 39.659 4. 346 0.532 10. 050 0. 546 0.999 26. 627 3.760
HN7 5.872 39.530 4.292 0.389 11.319 0. 585 1.022 28.508 3.684
HX2 4.797 50. 335 4.325 0.257 14. 669 0. 355 1. 786 49. 063 6.502
HX3 5.831 51.838 3.613 0.288 14. 608 0.312 1.430 54. 465 5. 084
HX4 4. 891 52.232 3. 695 0.273 15.162 0.323 1.554 55. 663 5.617
HX6 6. 165 52.142 3.542 0.326 15.317 0.317 1.537 56. 909 5.284
HX10 4.994 51.407 3.575 0.297 14. 534 0.312 1.443 56. 127 5.014
HX18 4.832 49.374 4.110 0. 254 14.751 0.282 1.741 51. 056 6. 328
HZM12 6.902 45.970 4. 834 0.336 11.182 0.531 1. 125 32.916 4. 046
HZM13 6. 685 46.093 4. 355 0. 347 10. 476 0. 566 1.014 33.529 3.700
HZM17 7. 639 45.015 4.511 0.330 10. 069 0. 566 0.997 30.976 3.596
HZM19 7.015 46. 154 4. 850 0.323 11. 068 0.539 1. 121 32.275 4. 046
HZM7 7.921 47.221 4.794 0. 469 10. 081 0.572 1. 000 32.045 3.676
HZM8 7.732 47. 662 5.052 0. 546 10. 458 0. 586 1. 209 35.081 4.536
RD1 0. 852 24.343 1.433 0. 087 6. 668 0. 636 0. 540 14. 667 3.394
RD3 1. 008 24.712 1. 467 0. 062 7.419 0.517 0.557 14. 346 3.642
RD5 1. 009 25. 960 1.273 0.041 7.488 0.582 0. 583 15. 189 3. 647
RD36 0.968 35.221 0. 892 0. 090 4.404 0. 686 0.399 12.076 2.592
RD41 1.176 38.227 2.258 0.117 4.108 0.810 0. 455 14.780 2.992
RD42 1.077 36.110 0.930 0.210 3.901 0.735 0.429 13.307 2.747
XZM3 3.572 100. 367 5.810 0.078 1.258 0.290 1.571 42. 620 8.727
XZM5 2.715 99. 684 5.940 0. 040 0.551 0.223 1.784 48. 675 9.310
XZM6 2.780 93.654 3.352 0.031 0. 892 0.221 1.030 51.731 6.521
XZM9 2.824 112. 710 4.897 0. 086 0. 946 0. 366 1.452 63. 224 8.356
XZM10 2.408 101. 357 5.203 0.092 1. 812 0.370 1.092 37. 643 7.987
XZM11 3.026 116. 880 3.751 0. 059 0. 556 0.334 1. 148 70. 149 7.367
N N p 99. 9%
0. 008.0. 027.0. 01, 89.4%. 6 “ 7
(P=0.001) 98. 0% ~99. 8% N
N N N 99. 8%
4 ”» R 6 “ »
3.4 o
6 [ ”» 6 [3 »
5 10 000 ~4 000 cm™ 4 000 ~ o
450 cm™ .6 7 5 o 6 884 cm™
89.4% ~99. 9% OH :5 780 em™
6. C-H ;5172 em™
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Table 4  Grey correlation coefficients ( relative to the optimal sequence) for each index of origin herbs of " Lonicerae Japonicae Flos"

B A C
HHM2 0. 351 0. 346 0.336 0.933 0. 645 0. 444 0.412 0.817 0. 401
HHM3 0.352 0. 345 0.336 1. 000 0. 698 0. 493 0.398 0. 837 0. 405
HHM4 0. 349 0.333 0.337 0. 839 0. 643 0. 446 0.433 0.877 0. 435
HHM15 0.337 0.334 0.337 0. 601 0. 398 0.613 0. 430 0. 626 0. 393
HHM19 0.333 0.334 0.333 0. 666 0. 409 0.554 0. 403 0. 596 0. 362
HHM21 0.335 0. 344 0.337 0. 694 0. 400 0.534 0. 406 0. 648 0.390
HN2 0.739 0. 389 0. 685 0.358 0.796 0. 684 0. 802 0.413 0. 456
HN3 0. 647 0.387 0. 591 0.370 0. 595 0. 530 0. 450 0.413 0.374
HN4 0. 682 0. 381 0. 662 0.353 0. 601 0.536 0. 468 0. 400 0.367
HNS 0. 695 0.389 0. 609 0.371 0. 635 0. 662 0. 481 0.414 0.370
HN6 0.670 0. 384 0. 634 0. 365 0.584 0.527 0. 468 0. 400 0.377
HN7 0. 635 0. 384 0. 626 0. 355 0. 649 0.567 0.476 0.411 0.374
HX2 0.533 0. 420 0. 631 0. 347 0.919 0.393 1. 000 0.579 0.545
HX3 0. 630 0. 425 0. 543 0.349 0.912 0.372 0. 661 0. 649 0.443
HX4 0. 540 0.427 0.552 0. 348 0.979 0.377 0.749 0. 667 0.476
HX6 0. 670 0.427 0.536 0.351 1. 000 0.374 0.736 0. 687 0. 455
HX10 0. 549 0. 424 0.539 0. 349 0. 904 0.371 0. 669 0.674 0.439
HX18 0.536 0.416 0. 602 0. 347 0.929 0.358 0.939 0. 603 0.530
HZM7 1. 000 0.409 0.707 0. 360 0. 585 0.553 0. 469 0.432 0.374
HZM8 0. 950 0.410 0.757 0. 366 0. 603 0.568 0. 546 0. 453 0.413
HZM12 0.778 0. 404 0.714 0.352 0. 641 0.514 0.512 0.438 0.390
HZM13 0.742 0. 405 0. 636 0.352 0. 604 0. 547 0.473 0. 442 0.375
HZM17 0.927 0. 401 0. 659 0.351 0.585 0. 547 0. 468 0.426 0.370
HZM19 0.797 0. 405 0.717 0.351 0. 635 0.520 0.510 0.434 0. 390
RD1 0. 335 0.342 0. 380 0.337 0. 461 0. 629 0.358 0.344 0.362
RD3 0. 340 0. 343 0.382 0. 335 0. 483 0.502 0.361 0.342 0.372
RDS 0.340 0.346 0.372 0.334 0.485 0.563 0. 366 0. 346 0.372
RD36 0.339 0.371 0.354 0.337 0. 404 0.704 0.333 0.333 0.333
RD41 0. 346 0. 380 0.429 0.338 0.397 1. 000 0. 343 0. 344 0. 347
RD42 0.342 0.374 0. 356 0. 344 0.393 0.797 0.338 0.338 0.339
XZMS5 0. 406 0. 745 1. 000 0.334 0.333 0.334 0.997 0.575 1. 000
XZM6 0. 409 0.737 0.516 0.333 0.339 0.333 0.478 0.612 0. 546
XZM9 0.411 0. 675 0.726 0.337 0.339 0.399 0. 675 0. 807 0.779
XZM10 0.392 0.920 0.789 0.337 0.353 0.401 0. 500 0.472 0.717
XZM11 0.421 0. 756 0.558 0. 335 0. 333 0.382 0.521 1. 000 0. 633
5 “ ” -TOPSIS
Table 5  Grey correlation-TOPSIS evaluation of origin herbs of " Lonicerae Japonicae Flos"
D D c. D : c.
HHM2 1.389 0.839 0.377 HZM7 1488 0.797 0.349
HHM3 1.543 0.927 0.375 HZM8 1.278 0.797 0.384
HHM4 1. 226 0. 825 0. 402 HZM12 0. 865 0.678 0. 439
HHM15 0. 823 0.530 0.392 HZM13 0.795 0.599 0. 430
HHM19 0. 631 0. 500 0.442 HZM17 1.308 0.735 0. 360
HHM21 0.756 0. 490 0.393 HZM19 0.918 0. 692 0. 430
HN2 0. 820 0.874 0.516 RD1 0.755 0. 325 0.301
HN3 0.577 0.458 0. 443 RD3 0.394 0.232 0.371
HN4 0.672 0.562 0. 456 RD5 0.562 0. 283 0. 335
HNS 0. 663 0.576 0. 465 RD36 1. 002 0. 380 0. 275
HN6 0. 635 0.502 0.442 RD41 1.797 0.672 0.272
HN7 0.571 0. 549 0. 490 RD42 1.256 0. 463 0.270
HX2 1.370 0. 985 0.418 XZM3 1.278 1. 020 0. 444
HX3 1.190 0.798 0. 402 XZMS5 1.391 1.247 0.473
HX4 1.359 0. 874 0.391 XZM6 0.707 0. 548 0. 436
HX6 1. 390 0.913 0.397 XZM9 1. 157 1.017 0. 468
HX10 1. 186 0.778 0.396 XZM10 0. 945 0. 760 0.446
HX18 1.233 0. 946 0.434 XZM11 1.470 1.037 0.413
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Fig. 5 Average NIR (a) and MIR (b) spectra of origin herbs of " Lonicerae Japonicae Flos"
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Table 6  Similarity of NIR and MIR spectra of origin herbs of " Lonicerae Japonicae Flos" %
HHM HN HX HZM RD X7ZM HHM HN HX HZM RD X7ZM
HHM 100.0 99.7 89.4 99.9 99.3 89.4 100. 0 99. 8 98.6 99.8 99.6 98.7
HN 100.0 92.1 99.7 99.7 92.1 100. 0 98.6 99. 8 99.6 98.9
HX 100. 0 90.0 92.9 99.8 100. 0 99.2 98.0 99.7
HZM 100.0 99.2 89.9 100. 0 99.5 99.3
RD 100. 0 92.7 100. 0 98.0
X7ZM 100.0 100. 0
N 772
613 cm™ 1647
6 13 ”» 6
6 113 ”
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Fig. 7  Optimization results of SVM parameters ¢ and g based on NIR ( a) and MIR ( b)

7 . SVM
Table 7 Prediction of SVM models based on NIR and MIR
¢ g 1% 1% 1%
2 352.534 2 0.001 288 6 96. 91 95. 88 100. 00 4
3.0314 0. 006 801 2 97.94 98. 96 100. 00
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Fig. 8 PCA 2D score plots based on data fusion
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Fig. 9  Optimization of SVM parameters ¢ and g based on data fusion
8 R SVM
Table 8 Prediction of SVM models built based on low-evel fusion and mid-evel fusion
c P 1% 1% 1%
147.033 4 0. 000 244 14 93. 81 93. 81 95. 80 8
1.741 1 0. 329 88 100. 00 100. 00 100. 00 0
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