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Origin Identification and Prediction of Astragali Radix
Based on Fourier Transform Infrared Spectroscopy
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Abstract: In this study, collecting the fingerprints of 90 batches of Astragali Radix from 12 counties, investigating the
spectral characteristics of Astragali Radix from different origins,and establishing model of OPLS-DA ( orthogonal partial
least squares-discriminant analysis) and BP-ANN ( back-propagation neural network ) to realize the rapid identification
and prediction of origin. The results showed that the FTIR fingerprints and its average spectrums of Astragali Radix from
different origins showed some differences ; the established OPLS-DA model can be used to accurately classify Astragali
Radix from different origins ;the differences of FTIR fingerprints of Astragali Radix from different origins were mainly ex-
isting in the wave number ranges of 3400 —2920,1650 — 14201370 - 1050,930 — 770 ¢cm™ , and 590 — 520 cm™ ;the
prediction accuracy of testing set was higher than 83% based on BP-ANN model. Hence the established OPLS-DA and
BP-ANN model based on FTIR fingerprints can be used to identify and predict the origin of Astragali Radix.

Key words : Astragali Radix ;fourier transform infrared spectroscopy ; fingerprint ; orthogonal partial least squares-discrimi-

nant analysis ; back-propagation neural network
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Table 1  Sample information of Astragali Radix
7 Hb itk 5 7 H E/[RV ¢ P

Producing orgins Batch Number Producing orgins Batch Number
P [ PR EL (GY) 7 1~7 THEEEMEL(LD) 7 46 ~52
%2 A TEHE( DM) 8 8~15 FEZAE(PY) 8 53 ~60
M B PG & (LX) 9 16 ~24 B2z 4E 8 (SD) 8 61 ~68
FrA IR L (MX) 6 25 ~30 BpEACE (Z29) 7 69 ~75
LILPE VR E (HY) 8 31~38 BIRTTHHEX (YC) 9 76 ~ 84
PR AR (T2) 7 39 ~45 BT LR (MS) 6 85 ~90

FEHHFREL 3 mg, 5 250 mg KBr #% i — 2 fin A 3 54
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FTIR Y63l $dl . 47l 4000 ~400 em™ , Y3 43
e 4 em™ | SR 16, BB H,0 Fi CO,
T, BRI 50 ~ 120 C, & 10 CHA—&, 7
TR 2 C/min, PATINE 3 Wk, BOFEEIE
1.2.2 REFRA R 5

i3 —4E FTIR SR OMNIC 8.2 St b B
X HCRERHR AT 13 SOF I 8D, JEER R IE , Noise 22

101

T(%)

4000 3500 3000 2500

Mg DK MSC (£ TS e 1F ) Wiab 3™ FTIR 45
oL RFEAILLE  OPLS-DA & BP-ANN #5743 <7 $4)5R
I Matlab 6.5 #4847

2 ZEREHH

2.1 EEKZHM FTIR 590 EE K X EHFE

AL PEIS Y 12 A~ F2 77 5L 90 HL B [ 241 B FT-
IR $EGCETTE WLIET 1o BRI T, AN R] 7™ 3 8 1 25 44
¥ FTIR 52 P A 35 B 32 M e 3 4% FE AR —

2000 1500 1000 500
IS

Wavenumber(cm™)

B1 124E~890 #tFEZHM FTIR 1545 E i

Fig. 1

FTIR fingerprints of 90 batches of Astragali Radix from 12 producing orgins
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Table 2 Similarity analysis of FTIR fingerprints of 90 batches of Astragali Radix
%' AABLEE % AARLEE %' HALEZ %' HAABLEE %' HALEZ i AARLEE
Number  Similarity =~ Number  Similarity =~ Number  Similarity = Number  Similarity =~ Number  Similarity =~ Number Similarity
1 0.9802 16 0.9932 31 0.9795 46 0.9721 61 0.9884 76 0.9897
2 0.9811 17 0.9941 32 0.9802 47 0.9712 62 0.9874 71 0.9984
3 0.9819 18 0.9949 33 0.9649 48 0.9857 63 0.9859 78 0.9996
4 0.9793 19 0.9871 34 0.9816 49 0.9771 64 0.9618 79 0.9971
5 0.9837 20 0.9880 35 0.9838 50 0.9839 65 0.9865 80 0.9946
6 0.9845 21 0.9860 36 0.9747 51 0.9897 66 0.9868 81 0.9921
7 0.9539 22 0.9897 37 0.9655 52 0.9897 67 0.9871 82 0.9896
8 0.9863 23 0.9949 38 0.9563 53 0.9927 68 0.9874 83 0.9576
9 0.9871 24 0.9871 39 0.9558 54 0.9946 69 0.9877 84 0.9880
10 0.9880 25 0.9885 40 0.9506 55 0.9921 70 0.9879 85 0.9712
11 0.9889 26 0.9880 41 0.8143 56 0.9896 71 0.8924 86 0.9657
12 0.6758 27 0.9522 42 0.9851 57 0.9885 72 0.9754 87 0.9771
13 0.9906 28 0.9857 43 0.6856 58 0.9880 73 0.9888 88 0.9746
14 0.9915 29 0.9781 44 0.9662 59 0.9712 74 0.9891 89 0.9721
15 0.9923 30 0.9760 45 0.9692 60 0.9857 75 0.9894 90 0.9696
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Fig.2  The average spectra of FTIR fingerprints ( A) and
first derivative spectrum (B) of Astragali Radix
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Fig. 3 The comparison of average spectrum of Astragali Ra-

dix from 12 producing orgins
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Fig. 4 Three-dimensional mode projection of OPLS-DA of Astragali Radix from different producing orgins
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Fig. 5 Two-dimensional loading plots of OPLS-DA of Astragali Radix from different producing orgins
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Table 3 Prediction result of BP-ANN model
. - F R S T A AR A Ko 1 2 N
B S Bkl TR TR B2 BRI %
Sample set Sample size Tror o verage redive Prediction accuracy (% )
sum square (% ) error (% )

YIZREE Train set 60 3.458 3.697 74.462
MR EE Test set 26 2.548 3.132 83.658

G R A B [ P L AR AL SR AE) TR
XS, AHFFT L, SR 0, Hb B A7 AU 1Y) 7= e 7
BICZYA Y FTIR SEiE AL, 2581 B AR T, Qi 52
7 [ BH L5 RS T 7 S, HOR IR L 5 Bl v B
FEHEG, R TTVR X S L B, 7 R T
H5Z B AFTEAERUESE T A2t
JRHE A A7 s DX ) o P 25 Mk RS . AR
WFFEUL 7, PR 5oty I8 MR -5 B Y 2 R T 7™ B
BOAFRL, (EIX IS 7 7 B b IR AN 0T 313
W1, BR T R B A, 3 FE 2 i i n] B I Rl R E
U s A% R DA B AR T A A 5 A 5

S 3k

1 Chinese Pharmacopoeia Commission ( [F € 25 ML 2% 51 4% ).
Pharmacopoeia of the People”’ s Republic of China ( H14E A
L A0 [H 24 #L) . Beijing: China Medical Science Press,
2015. Vol 1,302-303.

2 Chen HG,Zhou X ,Zhang JZ. Optimization of enzyme assisted
extraction of polysaccharides from Astragalus membranaceus.
Carbohydr Polym ,2014,111.567-575.

3 Lim JD,Yu CY,Kim SH,et al. Structural characterization of
an intestinal immune system-modulating arabino-3, 6-galac-
tan-like polysaccharide from the above-ground part of Astrag-
alus membranaceus ( Bunge ). Carbohydr Polym,2016,136;
1265-1272.

4 Wang XM( EEH) ,Jia TT(BH K E), Guan B(EW) et
al. Effects of Astragalus polysaccharide on CD4 " CD25 * Treg
Cells and Th17 cells in immunesuppressed mice. Nat Prod
Res Dev( KIRF=WIWI5E 51 %) ,2015,27 :153-157.

5 Huang LQ( EHEHY) , Guo LP (522 #£ ). Chinese Medicinal
Materials Resource Ecology (124 %% Ji 4= 7527 ) . Shanghai .
Shanghai Scientific and Technical Publishers,2009.177-227.

6 Huang DL(#4& 2£), Chen XK ([&/NFE) , Xu YQ (#7k
BE) . Identification of Radix Astragali from different regions
using FTIR and two-dimensional correlation infrared spec-
troscopy. J Anal Sct,2015,31.379-383.

7  Rui W,Chen HY ,Feng YF et al. Classification of Astragalus

10

13

15

Membranaceus ( Fisch. ) Bge. Var. Mongholicus ( Bge. )
Hsiao from different areas based on chemometric methods
with R software. Proc Eng,2012,29.2172-2176.

Bruno GB,Nadia R,Leandro SO, et al. Development and an-
alytical validation of a screening method for simultaneous de-
tection of five adulterants in raw milk using mid-infrared spec-
troscopy and PLS-DA. Food Chem ,2015,181(15) :31-37.

Wang YQ( IG5 ) , Han B (FHi# ), Xiang R (A1 %), et
al. Evaluation of consistency and difference of Polygoni Cus-
pidati Rhizoma et Radix pieces using total statistical moment
method combined with cluster analysis and principal compo-
nent analysis. Chin Tra Herb Drug,2015,46.2863-2869.
Chen RZ,Tan L, Jin CG,et al. Extraction, isolation, charac-
terization and antioxidant activity of polysaccharides from As-
tragalus membranaceus. Ind Crop Prod ,2015,77 .434-443.
Miao YJ, Shi YY, Li FQ, et al. Metabolomics study on the
toxicity of Annona squamosa by ultra performance liquid-
chromatography high-definition mass spectrometry coupled
with pattern recognition approach and metabolic pathways a-
nalysis. J Ethnopharmacol ,2016,184 .187-195.

Mao Q,Bai M, Xu JD,et al. Discrimination of leaves of Pa-
nax ginseng and P. quinquefolius by ultra high performance
liquid chromatography quadrupole/time-of-flight mass spec-
trometry based metabolomics. J Pharm Biom Anal,2014,97 .
129-140.

Du LN, Xie T, Xu JY, et al. A metabolomics approach to
studying the effects of Jinxin oral liquid on RSV-infected
mice using UPLC/LTQ-Orbitrap mass spectrometry. J Ethno-
pharmacol ,2015 ,174 .25-36.

Cai CB, Yang HW, Wang B, et al. Using near-infrared
process analysis to study gas-solid adsorption process as well
as its data treatment based on artificial neural network and
partial least squares. Vib Specirosc,2011,56.202-209.

Samer Y, Moghavvemi M, Haider AFM ,et al. Artificial neural
networks aided solution to the problem of geometrically
bounded singularities and joint limits prevention of a three
dimensional planar redundant manipulator. Neurocomputing ,

2014,137(5) :3446.



