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Abstract: To analyze the differences in chromone components between wild and cultivated Saposh-
nikovia divaricata, providing a basis for its quality control and sustainable resource utilization. The
contents of prim-O-glucosylcimifugin, 5-O-methylvisamminol, cimifugin, and hamaudol glucoside
in 33 batches of samples were determined by HPLC. The differential components between the two
types of samples were analyzed using a combination of the K-nearest neighbors (KNN) algorithm and
principal component analysis (PCA). A bionic electronic nose was used to collect odor information
from the samples, and KNN combined with PCA was employed to analyze their odor differences. Cor-
relation analysis was then conducted between the sensor response values and the chromone content.
The results indicated a significant difference in the content of chromone compounds between wild and
cultivated S. divaricata, with hamaudol glucoside contributing the highest discrimination rate. Elec-
tronic nose analysis indicated that the overall odor fingerprints of wild and cultivated S. divaricata
were distinguishable. The response patterns of sensors S10 and S13 contributed most to distinguish
the two sample types, with wild S. divaricata generally exhibiting stronger overall responses across

the sensor array. Some sensors were significantly correlated with chromone components, in which
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sensors S4 and S5 showed a significant positive correlation with hamaudol glucoside, while sensor
S10 showed a negative correlation with cimifugin. Therefore, the combined analytical approach of
electronic nose and HPLC can effectively distinguish between wild and cultivated S. divaricata, pro-
viding a novel method for quality evaluation of this medicinal material.

Key words: wild and cultivated Saposhnikovia divaricata; bionic electronic nose; HPLC; K-near-
est neighbors(KNN) ; principal component analysis(PCA )
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XS3DU HFRF-(HERHHFE R 2 RHE AR A R .
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1.2 BiEEH

a8 Agilent ZORBAX Eclipse XDB-C (4. 6 mm X 250 mm, 5 um); FE#35 °C; P K 254 nm;
BERERRR 10 wls TR M (A)-0. 1% HR/K (B), HiEE 1.0 mL/min, HBREEVEHIFEF: 0~3 min,
5%~10% A; 3~18 min, 10%~22% A; 18~30 min, 22%~33% A; 30~35 min, 33%~52% A; 35~50 min,
52%~70% A; 50~65 min, 70%~95% A",
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FEERBTHRE . TS . 5-0-HIIRAEHTRORRES . Z 50 Wt Bah , D0 i ol i &5 40 )
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g, MINT75%HEE25 mL, 2, MAEIRE30 min, B4, #MEBRER, 82, RBUAZ0.22 um i
LR SRS, HF HPLC43#T .
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Table 1  Main substances responded to Shanghai Bao Sheng CNose—18 electronic nose sensors

Sensor({£J %) Main responder ( == i 4] Ji7 )
S1 Propane, smoke, etc. (P56, M 55)
S2 Carbon-containing substances ( & B4 it )
S3 Hydrogen(&<.)
s4 Sulfides (B fb4)
S5 Nitrogen-containing substances (& & 2% 57 )
S6 Aldehydes and ketones (T2 )
S7 Short—chain alkanes, combustible gases, ete. HBERERIE . AIBATESARSE)
S8 Liquefied gas(J& L)
S9 Alkanes, alcohols, ketones, etc. (hike, BEZE .| FEH2E4E)
S10 Hydrogen, hydrogen-containing gases (2%, & MH%)
S11 Alkanes, carbon monoxide, ete. (%eks, —%fbMEE)
S12 Liquefied gas, methane, etc. (WAL= . HBE)
S13 Short-chain alkanes (JE#EHEIEIE)
S14 Methane, fuel gas, smoke, etc. (FbE. B, IHZEH)
S15 Carbon-containing substances, alcohols, aldehydes, ete. (FFIRAEPITT ., BESE . BEEE)
S16 Hydrogen sulfide (i fb &)
S17 Ammonia, amines, etc. (2, W)
S18 Toluene, acetone, ethanol, etc. (I, PR, ZBESE)
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JEE% O PCT A PC2 BTHRIE S AR e 0 5 MBS ), UBRMRRSHTE 3 A SR s b A OB e A
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2 SRS

2.1 HPLCHERWNBEINHBRAPEMR ST SE
2.1.1 HPLCENMBRAPEREMETLRS WM HPLC FiE TR EXR . HEE ., 8
PE . FUEE ORISR A 52 . 45K, A PR IR o AEAH B T B N e R R R I, RBRT
0.997, K. EEME. FREMERIGN RSD HI/NT 3. 0%, MIBREICE H89. 4%~99. 4%( WL#2), FH
ZOTIEWETI SR . SR AZINEERES B TRRRR AR 5-0- I RRGERTBOREE T . THRE L ZEI S
B, IR A TR S R 5 R ST HPLC B DL 1, WTE S IS B, /r B R AR, B
dn S BRSO R B ) — 3, RUHIZOTIRN TR IER I, 33 AL I e 4 R WAL 3

F2 ARMASEER AR | RSB TR R R bR R

Table 2 Linear relationships, precisions, repeatabilities, stabilities, and recoveries of four chromones

Component Linear equation Correlation coefficient  Linear range RSD/% Recovery/%
/R /(pg/mL) Precision  Repeatability ~ Stability
Prim-0-glucosyleimifugin -, ) ¢6) 11 780 0.998 1 21.74~434. 8 0.52 0.52 1.0 98.6
(FHRRZ )
5-O-methylvisamminol -y oy v g5 0.997 8 20.57~411.4 0.58 0.59 1.2 99.4
(5-0-F HEAERT B oK B )
Cimifugin(FHHKZE) Y=1. 027X-0. 966 0.999 2 1. 035~20. 70 0. 61 0.58 1.1 97.9
Hamaudol glucoside o o)1y 4 007 0.998 1 1. 137~22.74 0.52 0.63 1.1 89.4
(W)
&3 B XURE S b 4 b o 2R AT R 1 i (%)
Table 3 Contents of four chromone components in Saposhnikovia divaricata samples(%)
Code Origin Prim-0O-glucosylcimifugin ~ 5-O-methylvisamminol ~ Cimifugin Hamaudol glucoside
Y-112 Zhalute Qi (FLEFFHHE) 0. 124 0.172 0.017 0. 024
Y-117 Zhalute Qi (FL&4F7f) 0.161 0.118 0.014 0.011
Y-12 Zhalute Qi ($LE&4F1E) 0.169 0. 057 0.013 0.019
Y-120 Zhalute Qi ($LEF71) 0.374 0.175 0. 009 0.045
Y-123 Zhalute Qi (FLEFF1H) 0. 368 0.227 0. 008 0. 039
Y-125 Zhalute Qi ($L&457) 0.235 0.129 0.019 0. 026
Y-128 Zhalute Qi (FL&G45E) 0.278 0.101 0. 004 0.025
Y-136 Zhalute Qi (L& HFHE) 0.287 0. 180 0. 029 0. 030
Y-138 Zhalute Qi (FLEFF1HE) 0.261 0. 123 0. 004 0. 039
Y-14 Zhalute Qi ($L&4F7f) 0.208 0. 141 0.019 0. 044
Y-153 Kezuozhong Qi (B} 2= i) 0. 145 0.039 0.023 0.034
Y-169 Kezuohou Qi (BHZ2JF 1) 0.307 0.134 0. 004 0. 027
Y-182 Kezuozhou Qi (F}Z2 )5 i) 0.292 0. 086 0. 003 0. 009
Y-22 Zhalute Qi (FLE 1) 0.272 0.072 0.023 0. 030
Y-25 Zhalute Qi (FL&4F1) 0.237 0.083 0.013 0.016
Y-27 Zhalute Qi (FLEHFift) 0.263 0. 148 0.016 0.023
Y-3 Zhalute Qi (FLEFFHHE) 0.285 0. 121 0. 048 0. 036
Y-34 Kulun Qi (JEA&TH ) 0.381 0. 090 0. 025 0. 021
Y-4 Zhalute Qi (FL&451) 0.285 0. 094 0. 027 0.038
Y-65 Zhalute Qi (FLEHFit) 0. 061 0. 044 0. 006 0. 006
Y-77 Kezuohou Qi (BHZZJF 1) 0.581 0.287 0.051 0.025
Y-9 Zhalute Qi (FLE 1) 0. 166 0.110 0. 027 0.018
Z-1 Kailu Xian(FF&-E.) 0.711 0. 171 0.031 0. 008
7-10 Naiman Qi (7% & Jift) 0.269 0.224 0.028 0.022
7-11 Naiman Qi(Z% 2 iff) 0. 349 0. 136 0. 021 0.011
7-18 Naiman Qi(Z% 2 i) 0.342 0.213 0. 024 0.012
7-19 Naiman Qi (%% 2 i) 0. 300 0.238 0.029 0. 009
7-25 Ke'erqin Qu(BHRIb X)) 0. 008 0. 000 0. 001 0. 000
7-37 Zhalute Qi (4L&F57) 0.334 0.176 0. 096 0.018
7-40 Kulun Qi (JE{&TH) 0.357 0.295 0.019 0.013
7-5 Kailu Xian(JF&-8) 0. 305 0.342 0. 027 0.010
7-6 Kailu Xian(FF&-£) 0.213 0.109 0. 009 0.013
7-8 Kailu Xian(JF4& 5.) 0. 385 0.207 0.023 0.014
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Fig. 1 HPLC chromatograms of the mixed reference substance solution(A) and wild Saposhnikovia divaricata sample solution(B)
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PG
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04 s Culivated Saposhnikovia divaricata(n=11)| ’ # Culivated Saposhnikovia divaricata(n=11)
) ns
0325 044 s
034 3 .
) 0.261 | -
i 039 0261
4 0.192
02 0.2 0.192
- 0.124 0.104
) ns sk 0.14 o sesfesk
T - ) T
Prim-O-ghucosy \g\\"(f;\{““g‘m\v‘sammlﬂ“\ C \m\f\lb‘ Hama\\(\n\ g\\\msu\t‘ Prim’()‘g“‘c()g;mmr]rf\\gi\?\‘ ]samm\““‘ G ‘m‘fub“hama\\dn\ %‘“m“de

Chromone component Chromone component

K2 4Fb S B GE TS
Fig. 2 Statistical analysis of four chromone constituents
A: one way ANOVA(PRIRIZT72553HT); B: t-test of independent samples (JUSTAESL RG55) 5 s :p<0.001, #:p<0.1, ns:p=0.1
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Fig. 3 OPLS-DA analysis of four chromones in wild and cultivated Saposhnikovia divaricata samples
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PCA Z5 SRR S — 4y (PCL) I 7 2 TTEREE Ay 46. 20%, 55 — %53 (PC2) TTHREE 4 25. 08%, Wi#H 5
ORI T 2510 71. 29%,  FRWX B R S O B T IR BRI R BEAE R . 32454 KNN
FEFRH €6 S S A o3 I DUBRFR BE A 04T, R I Z P I S ST EE (1. 047 0) 3R, A6 45 2 5 i il
SR E DL, BB X AR TR SRR sy . KOk 5-0- B SRR ITRORIETT, ETTERE N
0.7125; FHRREFFTIBRE A 0. 647 5; WFHIER M TTRREE (0. 529 1) X HRAT(E 4A) o 36 & 5 BTk
Pef, ZZ P b b 35, 66%,  5-O-HI FEAE BT RS 5 L 24. 26%, FHRRE N EL 22. 05%, FHRRE N
b 18. 02%., HH TIN5 I B SO BT 60%, TR L EAERAEDT RUL AR AR T A O . A
KAEIIE (B 4B) Jg s T 4 PR A o Z T A S, & B BIEM R, FHRET 5 5-0-H
FEYE TR I 5 P 55 IEAHSE (R=0. 55) . o0 A F 26 (B 4C) JE /R T 4 Fhf0 J5 ke o 7E 33 AR o
VEREBAEN ., Hob, JHRETN S BEOMERSE, FEARRBE SRR, ZFMITFN S EoMRRE,

SR AR (http://www.fxesxb.com)
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Fig. 4 Integrated analysis of four chromones in wild and cultivated Saposhnikovia divaricata based on KNN and PCA
A: contribution ranking( TUEREHEA ) s B: correlation healmap(*ﬁ%‘fﬁﬂ@ )3 C: box plot of content distribution (80 ZLIA)
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Table 4 Maximum response values of Saposhnikovia divaricata samples across 18 electronic nose sensors
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  S11 S12 S13 S14  Sl15 S16 S17  S18
Y112 0.997 0.998 1.000 0.989 1.001 1.015 0.997 0.981 0.982 1.052 0.969 0.958 0.983 1.021 0.998 1.008 1.013 1.016
Y117 1.007 1.008 1.000 0.995 1.006 1.015 1.003 0.995 0.992 1.064 0.967 0.961 0.994 1.015 0.999 1.014 1.020 1.015
Y12 1.031 1.031 1.000 1.037 1.052 1.071 1.035 1.044 1.037 1.059 1.020 1.035 1.056 1.086 1.042 1.047 1.064 1.077
Y120 1.003 1.003 1.000 0.997 1.006 1.014 1.000 0.990 0.989 1.061 0.971 0.962 1.035 1.010 1.006 1.014 1.020 1.013
Y123 1.035 1.031 1.000 1.027 1.043 1.060 1.030 1.030 1.027 1.067 1.009 1.018 1.078 1.065 1.028 1.041 1.056 1.063
Y125 0.997 0.998 1.000 0.989 0.995 1.003 0.993 0.979 0.982 1.053 0.968 0.957 0.981 0.996 1.001 1.008 1.009 1.000
Y128 1.026 1.025 1.000 1.006 1.015 1.026 1.014 1.018 1.011 1.065 0.987 0.980 1.021 1.024 1.022 1.023 1.029 1.026
Y136 0.998 0.999 1.000 0.999 1.007 1.015 0.998 0.986 0.986 1.044 0.978 0.972 0.994 1.012 1.000 1.014 1.018 1.012
Y138 0.998 0.998 1.000 0.994 0.998 1.002 0.995 0.984 0.987 1.046 0.978 0.969 0.986 0.998 0.999 1.009 1.010 1.001
Y14 0.998 0.999 1.000 0.991 1.005 1.019 1.003 0.989 0.982 1.053 0.968 0.965 0.998 1.021 1.003 1.011 1.017 1.017
Y153 1.013 1.012 1.000 1.004 1.012 1.023 1.005 1.002 1.001 1.056 0.975 0.972 1.001 1.025 1.009 1.017 1.023 1.023
Y169 1.013 1.013 1.000 1.001 1.010 1.020 1.007 1.003 1.001 1.062 0.973 0.970 1.017 1.022 1.010 1.014 1.021 1.019
Y182 0.994 0.997 1.000 0.956 0.973 0.984 1.000 0.975 0.963 1.064 0.937 0.928 1.015 0.987 0.994 0.982 0.980 0.981
Y22 1.008 1.009 1.000 1.008 1.024 1.040 1.012 1.006 1.006 1.055 0.976 0.981 1.010 1.051 1.012 1.024 1.036 1.044
Y25 1.003 1.004 1.000 1.003 1.019 1.034 1.008 0.998 1.002 1.051 0.976 0.973 1.002 1.043 1.010 1.020 1.031 1.037
Y27 1.005 1.006 1.000 1.005 1.021 1.037 1.009 1.000 1.000 1.053 0.974 0.974 1.004 1.046 1.015 1.023 1.034 1.040
Y3 0.994 0.996 1.000 0.961 0.970 0.977 0.990 0.971 0.963 1.060 0.944 0.919 0.970 0.965 0.997 0.994 0.987 0.967
Y34 1.015 1.015 1.000 1.013 1.028 1.045 1.014 1.013 1.013 1.053 0.979 0.985 1.012 1.057 1.026 1.028 1.041 1.049
Y4 1.005 1.005 1.000 1.003 1.018 1.034 1.008 1.000 1.004 1.049 0.976 0.973 1.000 1.044 1.010 1.019 1.030 1.036
Y65 0.999 1.000 1.000 0.997 1.008 1.019 0.997 0.986 0.993 1.051 0.974 0.965 0.985 1.023 1.013 1.013 1.020 1.020
Y77 1.005 1.006 1.000 1.010 1.025 1.041 1.010 1.003 1.003 1.051 0.980 0.981 1.008 1.049 1.013 1.026 1.038 1.043
Y9 1.001 1.002 1.000 1.000 1.015 1.031 1.005 0.996 0.999 1.052 0.971 0.966 0.995 1.041 1.007 1.017 1.027 1.034
Z1 0.998 0.999 1.000 0.992 0.999 1.008 0.995 0.981 0.982 1.049 0.974 0.962 0.985 1.002 0.998 1.010 1.012 1.002
710 0.997 0.999 1.000 0.977 0.986 0.987 0.992 0.977 0.975 1.061 0.959 0.944 0.981 0.976 0.999 1.000 0.998 0.984
Z11 0.995 0.997 1.000 0.965 0.978 0.992 0.992 0.973 0.966 1.062 0.949 0.926 0.972 0.990 0.997 0.996 0.992 0.987
718 0.998 0.998 1.000 0.991 0.996 1.000 0.994 0.981 0.983 1.043 0.973 0.962 0.985 0.992 0.997 1.008 1.008 0.994
719 0.998 0.998 1.000 0.989 0.995 0.999 0.994 0.980 0.981 1.045 0.970 0.958 0.984 0.988 0.997 1.006 1.006 0.992
725 0.995 0.997 1.000 0.976 0.984 0.990 0.991 0.973 0.971 1.051 0.956 0.938 0.977 0.975 0.997 1.003 1.000 0.982
737 0.996 0.997 1.000 0.980 0.988 1.001 0.991 0.975 0.974 1.052 0.961 0.945 0.979 0.999 1.000 1.005 1.004 0.997
740 0.996 0.998 1.000 0.974 0.989 1.002 0.999 0.976 0.970 1.062 0.955 0.942 0.992 1.000 1.004 1.001 1.001 0.997
75 0.996 0.998 1.000 0.978 0.985 0.991 0.993 0.977 0.974 1.052 0.961 0.944 0.979 0.985 0.997 1.001 0.998 0.984
76 1.001 1.002 1.000 0.977 0.988 0.998 0.994 0.976 0.973 1.055 0.959 0.943 0.983 0.995 1.000 1.002 1.001 0.992
Z8 0.998 0.999 1.000 0.985 0.992 0.998 0.994 0.977 0.977 1.052 0.964 0.949 0.980 0.992 0.998 1.007 1.006 0.992
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Fig. 6 OPLS-DA analysis of wild and cultivated Saposhnikovia divaricata based on d from relevant electronic nose sensors
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Fig. 7 Integrated PCA and KNN analysis of wild and cultivated Saposhnikovia divaricata based on relevant electronic nose sensors
A: decision houndal‘y(?}%%:@ﬁ); B: confusion matrix (J&VEHIF4E); C: sensor contribution rankmg({?m%J\ﬁkfgﬁF@)

2.3 BEIENRSSELZESKMNXES T

FIH BT SRR 7L 5 585 X 4 B AR EZE o Z I 6 R, 45 SRR IH A% s
AN £ S i 2 i o HL A e émrﬂﬁ%ﬁﬁoﬁ¢ Z M5 S13 LRGSO AH MR, S4 1SS
R MR BN R ARG . FHRRER 5 S10/208eR i R i 2, [RINFS13. S2. S1. 8745 & el 2
PSR 50$E%%H%Wﬁ%9A%M%%¢%ﬁm%,M$sw%u%mm%ﬁmmoﬂ
R A 5 A AL TR A DG PR 355 o W90 WAL SRS S13 1 [R] B 37 5 22 S0 . PR R AR ¢
PAE L PER Sy, AR IEES SIS X 5-0- H L 4E Wb R IEH AR Sk, A% IS S10 WX TR 3 HA ek
B o XSRS BTV A X 43 B XA A v £ S 2 B 43 5 R AE AL R E A3 T RARAE 1 B XU B
TEM PR AR

Fe5  BALIRASFAZSING ZIN 7 (L) 55 KM AR S5 57 XU 4 o SIS 1 43 ek R AR 5 2R

Table 5 Correlation coefficient between the maximum steady-state response values of each sensor and contents of four chromones

Wild

Principal component 2 (9.26%)
N o
..
- s
- O o
O
True Label
Cultivated
o
©
IS o ) —_
S
Total Contribution
= =
< e &
—
—

in Saposhnikovia divaricata

Correlation coefficient(R)

Sensor

Prim-0-glucosylcimifugin 5-0-methylvisamminol Cimifugin Hamaudol glucoside

S1 -0. 037 -0. 158 -0. 170 0.395
S2 -0. 046 -0.173 -0.174 0.364
S3 - - - -

S4 -0. 041 -0.113 -0.029 0.471
S5 -0. 052 -0. 135 -0.038 0. 465
S6 -0. 051 -0. 160 -0. 003 0.451
S7 -0. 036 -0. 161 -0. 156 0. 405
S8 -0. 062 -0.202 -0. 125 0. 441
S9 -0. 082 -0.202 -0. 088 0. 447
S10 -0.011 -0. 080 -0. 303 0. 083
S11 -0.011 -0. 049 -0. 074 0. 402
S12 -0.034 -0.092 -0.076 0. 453
S13 0. 058 -0. 059 -0. 247 0. 473
S14 -0.072 -0. 184 0.011 0.439
S15 -0.088 -0.210 -0.071 0. 366

S16 -0. 027 -0.114 0. 003 0. 444
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Sensor Correlation coefficient(R)
Prim-0-glucosylcimifugin 5-0-methylvisamminol Cimifugin Hamaudol glucoside
S17 -0. 045 -0. 139 -0.011 0.463
S18 -0.078 -0. 180 -0.012 0. 462
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Fig. 8  Association analysis between electronic nose sensors and four chromone components in Saposhnikovia divaricata

A: prim-O-glucosylcimifuging B: 5-O-methylvisamminol; C: cimifugin; D: hamaudol glucoside
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