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Discrimination of Different Species in Swertia Using
FTIR Combined with Chemometrics

YU Ye-xia'?, LI Li'", WANG Yuan-zhong*
(1. Key Laboratory of Plant Resources Conservation and Utilization of Hunan Province ,
Jishou Unuversity, Jishou 416000, China;
2. Institute of Medicinal Plants, Yunnan Academy of Agricultural Sciences, Kunming 650200, China)

[ Abstract ] Objective: To realize the rapid and accurate discrimination of Swertia plants by Fourier
transform infrared spectroscopy ( FTIR) and chemometrics. Method; The original infrared spectra data from
different parts ( roots, stems, leaves) of all of the 543 samples of S. dawvidii, S. mileensis, S. punicea,
S. angustifolia and S. cincta were collected and preprocessed by multiplicative scatter correction (MSC) , standard
normal variate ( SNV ), Savitzky-Golay filter ( SG ), first derivative (1D ), second derivative (2D ), third
derivative (3D). Then, the spectral ranges of 4 000-3 700, 2 799-1 800 c¢m ' and 682-653 c¢cm ' were deleted
before PLS-DA and SVM analysis. Result: The samples of the five species could not be distinguished with similar
averaged infrared spectra in the same part. The characteristic peaks of different parts in the same species were

different, and the sequence of complexity was leaves > stems > roots. The five species of Sweriia could accurately be
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identified by PLS-DA and SVM models established by spectra data in roots, stems and leaves. MSC + SG + 2D

showed the best preprocessing effect, and the prediction accuracies of all models were 100% . The values of R*Y in
PLS-DA of all of the parts were more than 0. 8, and the RMSEP was less than RMSECV , indicating that the model

was stable and more effective. Furthermore, the value of Q7 exceeded 0.6, and the accuracy of prediction set

reached 100% , indicating a high classification accuracy. It showed that PLS-DA models had a strong prediction

ability. The ¢ values in SVM model of roots, stems and leaves were 22.627 4, 2 and 1.414 2, respectively,

which were all within the normal ranges. The accuracy of prediction set was 100% , suggesting a high accuracy.

Conclusion; FTIR combined with PLS-DA and SVM could accurately distinguish different species from Swertia

and the model has a good prediction effect and provides certain reference for the identification of other plants.
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Table 1 Information of plant samples Swertia
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Table 2 Information of category for calibration set and prediction

set

# % i
G
Yt FOUSE VI BONGE VIZGSE BN
Sa 7 4 7 4 7 4
Sc 8 4 8 4 8 4
Sd 38 19 40 20 40 20
Sm 40 21 57 29 58 29
Sp 13 7 14 8 14 7
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Fig.1 Original FTIR averaged infrared spectra of samples from

five Swertia plants with different parts
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FEWMAE v, HE @ AFE 2 IR (E, y A
B, N AR, N, I GEREARL, N, 0 4
FEA R

YEFHARE S 3 699 ~2 802,1 797 ~ 685 cm ' Fl
652 ~550 em "I BT AN B N2 )1 AR R 3
TR B A S S ER LR F SR VY R A F SR AN TR
AL (AR 25 (i) PLS-DA BEAY M S35 £ 4 i
it MSC + SG + 2D 4b ¥ 5, R°Y F1 Q° 18 f& K,
RMSEE il RMSECV %5/, A, & 100% , Hi % ¥
MSC +SG + 2D i fEmAab 2 ), &id MSC +
SG +2D 4k i 5 T AL A AT K OER L, A, R

®3 T EWLEF PLS-DA HESH
Table 3 Parameters of PLS-DA models with different pretreatment

100% , H RMSEP < RMSECV , i} B Fr 2 A5 B £ 5
ALAE OISO o 2RI AR OGS Al 28 SNV + SG +
2D MIMSC + SG + 2D il kb B Ji5 7 57 PLS-DA % &
f£,R’Y >0.88, RMSEE 1 RMSECV ¥ <0.16, A
RMSEP < RMSECV , £ Wil fa 52 Al 5, Q° >0.75,
RMSEP <0. 13, 3 B A T3 00 58 J7 58, A, A1 A, 31K
100% , 2 FBFE 5 43 JEIE 0 o % B AR L 25 i e 4 il
AP PLS-DA A, A, ¥k 100% , 8 3 A~FR A0 44
4 PLS-DA #5078 1) i i 46 ) )1 R 0 2 3 7 I
B A I S ER AT MR F SRV B AR 2F SR AR AR TN R
Jhf. Wk 3,

AL T4k B R*Y 0? RMSEE RMSECV Ap/% RMSEP Ap/%
bic! RAW 0.773 0.608 0.172 5 0.215 8 97.17 0.175 3 100
SNV +SG + 1D 0.713 0.628 0.184 3 0.202 0 95.28 0.157 8 100
SNV +SG +2D 0.813 0.624 0.150 9 0.205 6 99.06 0.154 0 96.36
SNV +SG +3D 0.825 0.654 0.144 4 0.188 8 99.06 0.178 1 94.55
MSC +SG +1D 0.712 0.613 0.184 2 0.205 4 95.28 0.157 4 100
MSC +SG +2D 0.855 0.601 0.134 1 0.206 5 100 0.1512 100
MSC +SG +3D 0.822 0.649 0.1456 0.188 5 99.06 0.175 7 94.55
2 RAW 0.762 0.636 0.156 9 0.200 8 98.41 0.1357 100
SNV +SG + 1D 0.857 0.759 0.119 1 0.161 9 100 0.102 6 100
SNV +SG +2D 0.890 0.764 0.1115 0.157 5 100 0.1272 100
SNV +SG +3D 0.832 0.735 0.1355 0.163 0 98.41 0.144 6 96.92
MSC +SG +1D 0.876 0.771 0.113 6 0.151 0 100 0.099 2 100
MSC +SG +2D 0.887 0.759 0.1125 0.156 7 100 0.124 0 100
MSC +SG +3D 0.830 0.729 0.136 5 0.163 8 98.41 0.1457 95.38
nf: RAW 0.850 0.731 0.128 0 0.191 0 99.21 0.1122 100
SNV +SG + 1D 0.882 0.817 0.108 1 0.146 0 99.21 0.091 4 100
SNV +SG +2D 0.899 0.820 0.103 3 0.1372 99.21 0.098 3 100
SNV +SG +3D 0.903 0.799 0.103 2 0.141 7 99.21 0.103 2 100
MSC +SG +1D 0.881 0.808 0.108 7 0.144 8 99.21 0.093 7 100
MSC +SG +2D 0.902 0.822 0.102 7 0.137 4 99.21 0.100 7 100
MSC +SG +3D 0.901 0.770 0.104 3 0.149 6 99.21 0.100 0 100

3.3 SVM4M#F  SVM 2 Vapnik 2577 2 1 —
FhA W B AILAR 2% 20 7 1%, 38 o F0O a0 e S 380 5 4 25 ()
I 3 — A e L 43 2588 1 Dy g SRt T A A5 AN [
20 1) I 2 300 2% e KAk, UTTT AT X3 A [ 258 A E 3
PG T3 0 T 265 b0 S Ik 52 > o O [) Ak 2Ok 3%
P ST SVM RN A X 1 AR 28 2% 7 IR Bk
IR P SR | SR L1 MR OF SR RN VY R A S AT 400 . 543
1345 o8 3 J@ AR A R KS B34 22 1 Rl 43 45
SERTIILE . BAIRT, K 5 AR 7 S8 U 2R 4 5 )
REHEIH — B [0, 1] X [A], 2k H M A% =08 R %
(Grid Search,GS) {EfLIETI S48 c 5 RESH g,
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okt logye 5 log,g [ - 10,10 ] X [A] KL g % 5%,
e B ¢ 5 g (H I AR 4l R ok &5 5% E 47 RS 40 ik
£, log,c IEFEFLEITEL - 5,20 ] X 0], log,g 16 #5715 [l
TE[ 20,0 ] X (8], MR ET] S8 c SR g i
FEME DL S FI IR A, I BRI S8 c 5 R g
AR SVM Y Xof Y11 G - 455 700 e ity 1 0 £ 410 3 56
IE, 155 A,,

4 RS PSR AR YA 25 A0 A
Tish # 5 H#7 SVM BRI 25 2L Best ¢, Best g 435 fL,
TR GRS R BETN SRS Z RS, hEk4
AT RS 2R IR B 7 SVM B ¢ il 3 K, 43 )
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15 792.618 8 18 192, 45w L4 K . MSC + so e s
SG +2D J AL B 5 ik, AEIR I S5 ¢ = A s - B
22.627 4 MBS g =0.001 7,4, N 100% , % ;1(5) .....................
S5 ASTRIMBCAE S 1 A SVM B A, % 100% ;25 5 S IR
MG B 4 25 SNV + SG + 2D, SNV + SG + 3D, 25
MSC +SG +2D 5 MSC + SG + 3D Fi kb 3 4 gt SVM f;’
BERY  Best ¢ 55 Best g MFEIEH LM, H A, 5 A4, 1 T
KH) 100% . L5347 21 Fr SVM B % 39 i Ak 2 B 50 —
JF SVM 7 2 4L T 5L KO8 SNV 15 MSC b i
P AR 9 SVM A Y Ak L I AR — 8, TR K 2 o 2
152D 55 3D LhFRJE SVM HERH SRR 8 F 1D, £
TR EHEE ] e BOG I 5 R 1T R R IR R o0l o
A TR b Ak 2 o0 A 5 R0, T A B Y 2D 5 AR :3
25 3 AN LT AN RE S A SVM E RE k1 45 5 5 oo 02030 A0S0 e0 o
P 4 SR @AY, By RACR b 45 R UL 2, c 45
4.0
%4 TEFALEE SVM R SH 3.0
Table 4 Parameters of SVM models with different pretreatment Zg
YA Ak # Best ¢ Bestg Ap/%  Ap/% 200 e
. RAW 5792.618 8 0.0001 93.40  96.36 L5
SNV +SG +1D 4 0.022 10 95.28 100 1'00 10 20 30 40 50 60 70
SNV +SG +2D 16 0.0028 95.28 100 TR A
SNV +SG +3D 2.8284 0.0156 94.34 94.55 A MLLB.2E.CL
MSCHSCHID - 2.82840.0156 95,28 100 B2 SVM XY S Fs T SRR R R 8600 4 00 S BR 59 2 5 T
MSC +SG +2D 22.6274 0.0017 96.23 100 3%
MSC +SG +3D 4 0.0110 9528  96.36 Fig.2 Actual and SVM predicted categories of test set samples for
% RAW 8192 0.000 1 95.24 100 roots from five Swertia plants in different parts
SNV +SG +1D 1 0.022 1 99.21 100
SNV +SG +2D 2 0.0221 100 100 899 cm "' Ab , e MRS T 3 R L8 4T R S 1 I O
SNV +SG +3D 5.6569 0.0156 100 100 ﬂ:ﬁﬁﬂ3 ﬁlféﬂ:%o [ﬁ]g%ﬁﬂ@%%ﬂf%ﬂ&ﬂ@ﬂ%fﬁ
ST L I MumTA s Ea b s s
VISC £ SG 43D S 6569 0.0156 100 100 TR 1) AT o 0 2 1) N TR) A O SR TR R W A AR T A
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