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Abstract: Objective To establish the quality evaluation method of Huangqi (A4stragali Radix) based on odor characteristics. Methods
Using Heracles Neo ultra-fast gas phase electronic nose to obtain odor chromatographic information of Astragali Radix, and then using
principal component analysis (PCA), discrimination factor analysis (DFA) and cluster analysis (CA) to conduct quality evaluation of
Astragali Radix from different origins, growth years and harvesting periods. Results Comprehensive score of Astragali Radix
Nanping Village, Shanxi Province, growing for 4 years, and harvesting in autumn was the highest. Conclusion Heracles Neo ultra-
fast gas phase electronic nose can quickly and accurately distinguish Astragali Radix from different sources. This method could be
used for quality evaluation of Astragali Radix, and referred for the establishment of quality markers (Q-Marker) of Astragali Radix.
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22 M EAME R INE 1.
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IR 60 CIf (IR TE R AT, 25 4k 2Lt s i
AT T FL R SSRI 70H, B R4k i s il
BRI, R HR 60 “CARE AR S5 A0 IR FE
2.2.3  GEAGET B S FREGH R 1.0 g, BEAGIR
JE 60 °C, HFEREARFL 5000 pL, 43 5I7E AR AL i ]
(5. 10+ 15, 20. 25. 30 min) BT, 45 R ER
20 min I EL g T AT, R EIREY 20 min /E WA
S AL B[R]
2.3 Heracles Neo BIRIRSHHE TESLIG &4

TR R RIS HE S, @AM Heracles
Neo FEPUE A & 578 (£ 2), KEEREHTHT
24 FEFER
241 FEEEEES 7 2017 TR kH 1Lt
WA AR, A% T 6 AN ST AT,



<1330 FER 20224¢38 B53% B5P  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 5
F1 2HEEHHMER
Table 1 Sources of 22 batches of Astragali Radix
it A K AE PR/ SRS ] KU
S1 Ll G 128 LR PEAY 2 3 HTH BE
S2 117G 58 B r B 2 4 H kA HZE
S3 1L 78 T FE EL pg SR A 2 4 A B
S4 1L 78 T FE E g SR A 4 9 A TH €S
S5 11 76 i 28 B R PR 4 10 A LAy =
S6 11 76 T 28 B R PR 4 10 A1) =
S7 1L G 128 LR PEAY 4 3 H A BE
S8 117G 58 B r B 4 4 H kA HZE
S9 1L 78 T FE E g SEAY 4 4 A B
S10 R U ELARE) 1 A 4 9 HTH *ZE
S11 N UREAR ) A 4 10 A LAy =
S12 N IR EAR ) A 4 10 A1) =
S13 N UREARE ) A 4 10 A FH =
S14 R R SR BB R R AT 2 3 HTA HE
S15 R R SR BB R R AT 2 4 H kA HZE
S16 R R SR BB R R AT 2 4 Hf) HE
S17 H R BB S A 3 3 HTH HE
S18 H R BB A 3 4 H LA HE
S19 H R BB S A 3 4 A HE
S20 H T VR T BT A 3 9 A TAH €S
S21 H T VR B A 3 10 H b4 *ZE
S22 A IR LA 5 A 3 10 H9A) €S
%2 Heracles Neo iBIRIFSHBILHE FESLESH
Table 2 Experimental parameters of Heracles Neo ultra-fast gas phase electronic nose
S T02S AT ZH T 53 bt
P b 20 mL BV IRIR 40 °C
R 10g B T 10 mL-min!
R E 5000 pL A RFS2I ] 50s
AL 60 C TR R 2R 240 °C
B A I (1] 20 min MR YIGEE 50T (2s)
EFEIE 125 uL-s! HRMEF RN 05Cs1E90C, Lh4Cs 2250 °C, fRFF15s
HERE R E 200 C KL 7] 137 s

FFREL 1 g, KRR E, HRREE, WEEHD
HEFERS b, F% “2.37 WUR NVEERE M, e REAE
R THI RS . 25 SRR B, 2~6 S RFAE 04 ft Uk T £
RSD 23514 1.5%. 1.8%- 2.2%. 2.4%. 3.1%, %
A A K 3 R o

242 FEEMHEZE % “2.17 R HETFATHE 6
AR AR, 22T 6 N EL TS HERE
I, AR 1 g, KE%FE, AmREE, WE
TEE AR b, 4% “2.37 WUR TR,
SERFIEIE G TR . 25 SRR, 2~6 SHFAFIE I

THIAA RSD 435N 2.3%- 2.6%- 1.8%- 2.4%. 2.7%,
RZIEER M R

2.4.3 FEEVEHESE % “2.17 TR kHl 1Lt
R AR, 2HEO0. 2. 4. 8. 12, 24h AN 6 4
WL TS L TSR, BRI 1 g, FERRE
kRIS, WEEAZIHRS L, % “237 OUK
TPEREAY AT, M ERFAE U U THI AR . &5 SRR,

2~6 SHHIEIE I RSD 43518 1.2% 3.1%.

3.5%- 3.3%. 2.7%, R RAER &5 24 h
PR E I AT



¢ED 2022438 $53% B5SH  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 5

= 1331

3 RS540

3.1 SIREHERYEE S

3.1.1  AUREFEFRSUEIE  Heracles Neo FEPREH S
ST 8 RGCRA 2 RN F A €k
MXT-5 fl MXT-1701, #5110 m, #4428 18 pm.

MXT-5 AR i kE, MXT-1701 A g9H I (i
FE, FHEGEEEIE 10 C/ss Rlgs A 2 AN KGR
e, UESTHERE, XURE R AT, D P [ B
2 MRS 4k B . @it Heracles Neo # B
AT F T B E A R FE A KRR AR
W AMIAT R T, K 22 RIS A
Bk SN R ARSI AE TN RE7

2012 AT (LG IEDLHED, 15 358 i 250 Fa S g,

T 1. W3R AR S B3R 47 b 2 )5 e br e FE 48
N8 M ILAIE, WK 2.

S22

S1

0 20 40 60 80 100 120
t/s
1 22 fIERE A SREFEESEE
Fig. 1 Odor chromatographic fingerprints of 22 batches of
Astragali Radix

0 20 40 60 80 100 120

2 22 HEEAGM SRR R EE
Fig. 2 Odor chromatographic reference of 22 batches of
Astragali Radix

3.1.2 MPBVERET ¥ 22 LR AU AT K
SN2 R SRS AU PR R 4872012 J
AP AEGE, Bl ST SR g RIS I K, R
M2 RRE AT A BIILES, Ao A, Dtk
TENSEECEGM B B SR (] 2), JEATHIBLEE
VRO, SRR 3. 22 HEBR G LA R IE SR SUA
AU & T 0.844, AR SR EREF.

x3 22 HEREAMSKEFERE
Table 3 Odor similarity of 22 batches of Astragali Radix

#x HEALLE #HEX HEALLE
S1 0.914 S12 0.983
S2 0.890 S13 0.979
S3 0.847 S14 0.964
S4 0.973 S15 0.987
S5 0.993 S16 0.970
S6 0.958 S17 0.844
S7 0.960 S18 0.855
S8 0.975 S19 0.877
S9 0.982 S20 0.874
S10 0.991 S21 0.909
S11 0.971 S22 0.951

3.2 ETEMKEIER PCA K& DFA 34f
3.2.1 PCA PCA z—MZtgilJik, ¥R
LR ZFRPR AT RO e e RN 5 A, 5 R 4 RO R E
BTS2, AR R R E R
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(ARG, S — A E A R022) ) 7R it PR
A LT B A I 15 B AN [R5 B 256 1) £ R U T
LG E e, fidk X B8 /158 (discrimination
power>0.900) HIEHFIHK (range>1000). 737
RUFHLT I e il 0 AR A AR 2, HE4T PCA 23T o
¥ 22 MM IR 1R 5 A, il
MR HARMNIA . AR REA . Hl xR
B HREHE AT AR KSR 8 3 4, 439
203 44 ISR R 2 A, RS
KT ANFEF= L AR IR ISR O T s R 2
SRRHIE PCA 73t 25 R WL 3. B AR5 3R
7N PCA ¥ AF BRI 1 Esr (PCL) M5 2 E ik
55 (PC2) WITTMAR . —MIEOL T, BARTTRRR @
70%~85% M T ERI T A . & 3 W PC1 7 2201
BRZE N 87.538%, PC2 W77 ZIIHAE N 6.525%, —
H BT ETTRREN 94.063%, AELHTHh S e filr
DFE S ARG . B 3-A 1AL PR EER )
WREAMBE RO, HIR A 2 [RIRR RO, i
HRB R R AT b 53 A R 2504 11 B st
N, PERGM RRFHE S P A BRI G R . K]
3-B WA, 24FE. 34, 4 FAE M AR A
RRIRR, PR M SORERIE S5 2R K IR ORI %
o ME3-C A, HEESKERIHIZM I

X7



* 1332

¢ED 2022438 $53% B5SH  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 5

3.2.2 DFA DFA =& H & Ma R @ 20 gttt
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SETEHG . DFA R AEF s pr i et b, 4k
P i (B R, 1 DR ) 22 BR A,

¥ 22 HLZGM AT S, I “3.2.17 T, AN
A=l AR AR PR BRSO T 1 38 B2 M SRR
DFA 73 Hr4s 5K 4.
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Fig. 3
different origins (A), different growth years (B) and different
harvest time (C)

PCA analysis of Astragali Radix samples from
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FHES DFA 347

Fig. 4 DFA analysis of Astragali Radix samples from
different origins (A), different growth years (B) and different
harvest time (C)

X 5> F6 $U N 64.634%, DF2 X 4> 8 $ A
29.634%, —#F BRIX RN 94.268%, i H] DFA
I3 M BE A% T A 1 X 3 S AN [R] kR 3 S 2 M I 22
o K 4-B # DF1 B X 536408 97.103%, DF2 H
X e 2.697%, —#H BRRX 0 HRECH 100%,

ULE] DFA 73 ik e 55 0l X 2 6 AN [ IR B B
i 2SR, K 4-C o DF1 X046 508 100%,

DF2 HIIX 3650 0, =3 RFUX 80N 100%,
ULEH DFA 73 ik ae s 55 4 X 2 6 AN [ IR B
IS . WK 4-A TR L PE R EER . HR
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LA W TIT AR RAIE, 1931 22 X 8 [ AR 54 HE R,
15 H SPSS 24.0 7 vt Hodk AT 582853 Hr Al PCA
330 EBENHr REARZERE, UIECE T
BUORMNEE, Z FRUEAL, XTFER BT R, 4
LB 5. SR A 10, 22 AN BTSRRI
AL AN 2 25, #it5 N S4. S5, S6. S7. S8. S9
(LB REEEA 4 4D A 125, HAAS TN 124
332 PCA XTHERAMILHIGIER Z briEth
W, THEARR RBUERE . EROFHEE. R

TR

RKIE
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K=
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Fig. 5
Astragali Radix

Hierarchical cluster analysis of 22 batches of

(1) MM MHRXRBOEFE L 4.
I 1 5 itk s BRI IEMIGHE; @ik 5
itk 3. 4. 6. 7. 8 BB KR IEM M.

F4 HEXRBER

Table 4 Matrix of correlation coefficients

i IS

& 1 U 2 % 3 % 4 % 5 % 6 & 7 % 8
1 1.000 0.355 0.607 0.336 0.762 -0.262 0.540 0.391
2 0.355 1.000 0.919 0.988 0.618 0.395 0.746 0.801
3 0.607 0.919 1.000 0.891 0.850 0.252 0.837 0.786
4 0.336 0.988 0.891 1.000 0.575 0.349 0.752 0.785
5 0.762 0.618 0.850 0.575 1.000 0.100 0.756 0.632
6 —0.262 0.395 0.252 0.349 0.100 1.000 0.149 0.253
7 0.540 0.746 0.837 0.752 0.756 0.149 1.000 0.910
8 0.391 0.801 0.786 0.785 0.632 0.253 0.910 1.000

(2) FFEAE . J7 Z 00k AR R UL E

3.4 AEFHREHME

e

FJ5 ZE TR AR 5o DURFIEE > 1 e iibritt, 13
FIHT 2 NERSW R ETTERES 85.095% >
85%, WOEHCHET 2 A~ F o RIT#HAT oA, AR T
TR 8 MR &N 85.095% M5 &, HE
IRUF AR, A2 DAVPAN 38 B 25 M 1 R

MR PR - far 2R R, A0 M 2 R 2 M RO 22
FRIFEAN R — R, A 2 B P[RR F 45
Re MNE6ME 6 mTLLEH, %1 EHHHELEE
Bk TR 1. 2. 3. 4. 5. 74 8; 2 EHES
A5 B 3 ok B ik 6.

2 D TR R LM AT, K15
BIRPRAILE 7 B S AR EAL A O BE AR SR, 193
RiIKIs R LUREAS R BT B A RAEAE o F2
J o WRFIEAE Z AT LE B B AS 2 1 3 o 43
SR, R BRI 22 MR AH
WL 1370 KERGR0y, WA 7. R 7 KL
o AR, AEREIR RO 551
BAT R T, "RETEISS, WK S,

LREf e, R, R T ATH,
LREHRAET 3 BZGM LN S4. S5, S6. AR 8 1]
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x5 HHEEMGFETTEE

Table 5 Characteristic value and variance contribution rate

e WIS e S AT 5 A
T e e - e e
&t J7 ETTRRE /% LAV R D& D) a2t TETTRRE % RBRITETHRE/%
1 5.368 67.100 67.100 5.368 67.100 67.100
2 1.440 17.995 85.095 1.440 17.995 85.095
3 0.557 6.960 92.055
4 0.387 4.839 96.894
5 0.157 1.958 98.852
6 0.069 0.863 99.715
7 0.021 0.264 99.979
8 0.002 0.021 100
R6 WIREFEHER 1.0] o
Table 6 Component martrix
0.59
it EHH 1 EHS 2 . W2 U4
1 0.601 -0.702 S o M Soug 3
H W 7
2 0.920 0.275 )
% 5
—0.54 ok
3 0.975 —0.026 U 1
4 0.902 0.267 10l
5 0.836 —0.343 ~1.0 ~05 0 05 10
ER |
6 0.277 0.815 ) H
; 0.913 0,086 6 HAE2NERSTHTFESTE
' ' Fig. 6 Planar distribution of samples in two principal
8 0.887 0.105

components

xRT1 ERHES. FEEOHF

Table 7 Rank of principal component scores and comprehensive scores

Mk EWRS 1S ERS 2/ el 8| ik B 1/S ERS 2/ ZKel) i
S1 0.79 —0.90 0.43 7 | si2 -0.94 0.09 -0.72 13
S2 0.70 -2.77 —0.03 9 | s13 -0.23 1.01 0.03 8
S3 0.63 -3.68 -0.28 10 | s14 -1.59 0.29 -1.19 15
S4 3.67 0.40 2.98 3 | sis5 -2.24 0.01 -1.76 20
S5 4.32 1.92 3.81 1 | s16 -2.35 0.05 -1.84 21
S6 4.41 0.47 3.58 2 | s17 -2.17 0.33 -1.64 18
S7 1.74 -0.30 131 6 | Si8 -2.28 0.21 -1.75 19
S8 2.42 0.14 1.94 5 ] s19 -2.39 -0.18 -1.92 22
S9 2.92 -0.14 2.27 4 | S20 -1.61 0.58 -1.15 14
S10 -1.02 1.04 —0.58 12 | s21 -2.17 1.08 -1.48 16
Si1 —0.66 0.39 —0.44 11 | S22 -1.97 -0.04 -1.56 17

B, AFEPHEFA ST, LRSS SGRESKFERETESR. Sai04RE50ARK
1.78, At ARAERKERKFEGA0T, 464 GMEHIHIFUE 8, FREEEEM LT
WECTRIr 142, Aot AFRREAHR TR0 HERHPERHERNER AR Z THR S, HC et
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x8 AR~ ERFRERBNEE TGS

Table 8 Average score of Astragali Radix from different origins, different growth years and different harvest time

g SEES THES | AKER SEES THES KW EMES CFRES

W PEEE IR (S 0.43 178 |24 (SD 0.43 -0.78 |HZE (SD 0.43 -0.37
(PR A (S2) -0.03 2 4 (S2) -0.03 HZ (S2) -0.03
thPEEEEEA (S3) -0.28 24 (S3) -0.28 FZ (S3) -0.28
(PR FEAS (S4) 2.98 2 4 (S14) -1.19 HZ (ST 1.31
thPEEE A (S5) 3.81 2 £ (S15) -1.76 FZ (S8 1.94
PR FEA (S6) 3.58 2 4E (S16) -1.84 HZ (S 227
PR FER (S7) 131 34 (SI7) -1.64 -1.58 |H= (S14) -1.19
(PR FEAS (S8) 1.94 34E (S18) -1.75 FZ (S15) -1.76
W FEREPEAT (S9) 227 34E (S19) -1.92 #% (S16)  -1.84
HAAME)IA (S10) -0.58 -0.43 |34 (S20) -1.15 FZ (S17) —1.64
HIR NI (S11D) —0.44 34E (S21) -1.48 £ZE (S18) -1.75
HARAMEIAT (S12) -0.72 34E (S22) -1.56 FZ (S19) -1.92
HRt A (S13) 0.03 44 (S4) 2.98 142 |#ZE (s 2.98 0.45
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Fig. 7 Hierarchical cluster analysis of principal component
for 22 batches of Astragali Radix
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