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ABSTRACT: AIM To identify the quality of Panax notoginseng ( Burk.) F. H. Chen ( P. notoginseng) using
electronic nose ( E-nose ) and multivariate statistical analysis. METHODS  With the optimized detection
conditions for E-nose, multivariate statistics and neural network analysis were carried out on the sensor response
signals. RESULTS The best conditions for E-nose detection of nologinseng were identified as the follows: 1.5 ¢
sample weight, 250 mL volume headspace generated within 15 min, with the loaded gas flowing at rate of
400 mL/min. Although multivariate statistics revealed the success of both principle component analysis and
canonical discriminant analysis in distinguishing the taproot and rootlet of P. notoginseng. The latter worked more
efficiently. Multilayer perceptron neural network realized the discrimination of notoginseng taproot and rootlet
quantitaty, and their geographical origin, ensuring a 99. 49% accuracy for classification of taproot and rootlet, and
taproot geographical origin, a 95.95% accuracy of rootlet origin as well. CONCLUSION With the combinative

use of mullivariate statistics and neural network analysis, E-nose can identify the quality of P. notoginseng.
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FMEHEY) — £ Panax notoginseng ( Burk.) F.
H. Chen FZA K TR m, R2E/DHAEE T,
Rz, 70, WIS AR, Kb arE
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AMRZE =L E TR =Lk, Hik, SE5ARF
O AL Hi Y =B R AE AT DA =B R 4R
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ZrEEHART
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o Dok, BEY7 Tk FRETHEIN | o 2 B 42 ol 45
HHAFEZRHT, mXagEHR" . A
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Moy REFAFREE RS, L™ | MR T

G ST — L EAMEFE, A THTFE
PRSI, EL ARSI RS T B S AR AT /], Yang
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1.1 HMAEara®  FrH =L T 2017 4 11
HREZF 4 DPAFHX, &4 7R 4E 40 ~50
Wi, FESVE TR, A0 5 R 7 A AR SR
MWL 60 B, ®EMAAFT 4 CUKFTFH. K
Feank 2 22 G, #HATHR e, 58 W%
1, HpBFr== L FiF 8RRttt &
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Tab.1 Information of samples

HH BESh o B ey el LR
1 Edh =+t 0B FR SO ol B E104. 129, N24. 14°
2 A=k Gl 4R £ri M A~ H T E102. 62°, N23.31°
3 HUE & B ZY EiR HEGIIMEE = E103. 82°, N25.62°
4 e | A 0B S SCU N A B E104. 127, N24. 14°
5 AH=L Gl YR LN I T E102. 62°, N23.31°
6 s =L VAl AR i o A B E103. 82°, N25.62°
7 e LP AR iy ol 2 - F103.57° ,N24.31°
1.2 BB FLHRAMEE Airsense ARIAY PEN3 55 (£2), BN RS, FOLBERESE3 4
RUERESC 7 S b TR, R SR IE RGeS B,
2 BTFEAESEEISHERESS
Tab.2 E-nose sensor array and performance characteristics

HE HFR TERBRRAT 23540 T R

S1 WIC Nf 5 A o 24 P10 mL/L

s2 W58 FREE R ARG I R Wi, 1 mL/L

83 W3ac A SR 5 WL LA #,1 mL/L

84 Wes T E A R 24,0, 1 ml/L

S5 WsC Ak, 2 & A A Ff%e, 1 ml/L

86 WIS Aof s 2 Al g, 100 mL/1L

87 WIW X Bk B ks, 1 ml/L

S8 w28 K 2T B 41 05 T Ak A R 8 — S AR, 100 mL/1L

<9 w2w A 5 A Ar AT LG Tl R B i fb4 .1 mL/L

S10 W3s e A A H e, 100 mL/1L
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1.3 BAEAF#HE ZRESE, D4 1.4 SEasm SRAMEZE T 20 i oo e dh it

T3 (R 2 R AR R L SF R R e, TS R W)
WRE SR A Ak, I RE MG I B8R B A7 . AN
FER R R SIS it | TS A st ] | 0
25 PR B SR B B 4 A4 PR 28 6T L B A R
BAFS S, NEAKEBOT IR 3, oh, dF
SRIG VRIS TR E Ry 80 s, RFEMFE] 2 90 s, #EALKG
Mt R, BEREE S EIBEPLFRI 36 4~ H A B
PGS . BdlEHrat, bRkt i SR B
BOFHE, Kl Sl N R AR 3 AR KRR R
MBRIG , REULIRERE 89 s W W A5 S E AT 40T,

=3 BEEKE
Tab.3 Factors and levels

T 73 A A a] T2 (R FRURN 23 SR FR e i X v 5
{2 IO N (Y 520 35 U)K 531 03 BT AR A AR AG:
U SO S 5 e TP BT P O s e
W, SR B Mo A7 5 PR #r s SR 22 )2 B 2%
( Multilayer Perceptron, MLP) P28 R 24 X = £ &
R, SARE=HEATE R T, 250, For
Sy AU 43 M 2 i SAS (V) SEmk; MLP
SrFTER SPSS (V17) SEmG; 455% M Origin8. 0 #{%
SEHZEAE

2 BRE5SW

2.1 & FREal &4 RAHREZRXEPREES
b TS A AT | U PR RN AR SRR A B e e,
T8 10 AR R i A5 5 B S PRI IR AR 5

A
W ] : ; 89 s (WA RL{E, FIJH SAS (V8) #EATHAMH % 2
S g 0.5 1.0 .5 grfr, B34 A~ PR 28 X B - B % A SR e 7 A
T %5 1 A 6/ min 5 10 15 HOREE, LA 4. SRHLIAG 73 Hr ok 4 SRR
o }ifj}"; | 2 = o (KT A2 S 54T, DA 5 S A
A/ ( mL-min™" ) 2 K . g P § .
== s ) DX R8RSR A o BRI 2% 1
x4 FHEDW
Tab.4 Analysis of variance
HE sl s2 s3 S4 S5 s6 s7 S8 59 S10
P i FAi  49.05 11.73 30. 35 1,72 1. 00 18, 59 6. 57 44. 40 18. 80 12. 62
P <0.0001 <0.0001 <0.0001 0.181 0.3702 <0.0001 0.0018 <0.0001 <0.0001 <0.000 I
e linti] P 25.27 11.00 21.55 30. 32 2.65 17.75 2.74 18. 26 12. 87 44, 81
P <0.0001 <0.0001 <0.0001 <0.0001 0.0750 <0.0001 0.0684 <0.0001 <0.0001 <0.000 ]
Tz (R fL FAE 4514 31.87 35. 80 0.34 1.53 30. 70 4, 65 32.56 17.70 34.06
P <0.0001 <0.0001 <0.0001 0.7110 0.2218 <0.0001 0.0114 <0.0001 <0.0001 <0.0001
HAEEE FM 12569 70. 66 150. 32 6.29 0. 14 193. 86 92. 11 88. 46 203,18 55.52
P <0.0001 <0.0001 <0.0001 0.0023 0.888 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
2,11 FESE ETIESAFE 250 mL, Tizs/g st BFE (5, 10, 15 min) XL 845 S 0 5 {5 5

] 10 min, #RHEBLF A 300 mL/min, §i UEAT[H]
80 s, RFEMFE] 90 s ZA1FE R, 5K = LEES &
(0.5, 1, 1.5 g) X7 &A% 348w 1 f5 45 19 5%
Wi,y 222 SRR RE S X AR AT 4. S5 ST
GiteEE L (P>0.05), XFHA 8 4L R AR i i 52
AT G i2F B L (P<0.01) , S00) ) 51 4347 2 0]
15 92.21%, A2 5 7.79% , B AT
R E B, ULEE 1, A [RDRE & B S i A
B, (RS, W 1 BRI, A
AW R BRI N 1.5 g BPEE 0.5, 1.0 g B
Y EIHE L R R R

2.1.2 Tz LRSS 1S g, FES
WS ARF 250 mL, ZRAARBLUR 300 mL/min, 75
VERTE] 80 s, SREERTE] 90 s 25T, WFFTTIZS 4 Y
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4) , SN A3 R AT 1 68.80% , ) 2
fi31.20% , L adMRGEE, WK1 5
FESERUEEAR R, W 1 BORAY ), Thas A R
A (AT 2R HT 1 O, 0073 A6 BRCH (] 15 min (79 550408 25 45
5. 10 min (R ST N RE,

2.1.3 TR fE=LFME 1S g, TSR
BflE] 15 min, ZRAAEFR B 300 mL/min, i PEAT
] 80 s, RAEETH 90 s Z5F T, WFFTREM T2 A FH
(150, 250, 500 mL) Xif H G A% 1 25 e 1o 1% 55 119
RO, 7 2 4 AR W RE O TS (R B AR IS4,
S5 S ITCHTHFRE X (P>0.05), XF S7 W i 5% i
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BHEIT#E L (P<0.05), XFHAY 7 MG RE§mi L
AT FE L (P<0.01) (#4), L5
TR 1 63, 74% , B4 2 5 36.26% , 2

Wit AR AR A R, WL 1, TIE R 250 mL
R 4K 150 mL i B SRAR, HLEGE X P
500 mL B EAE,

brmps5g ®10g alsg 4r ®5min @ 10min 415 min
4k
- 2F
= g =
o =
g 3l S
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[} F‘_; 8
& ol &
= =
2l “2F
-4 L . . L L 4 L L L L L
-6 -4 -2 0 2 4 -6 -4 -2 0 2 4
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AP R BT %2 A i Bt ]
4 ® |50mL @ 250 mL 4 500 mL ® 200 mL-min”' @ 300 mL-min”' 4400 mL-min”’
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2 @ |
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i A \| = of :
.
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8 5l 2
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4k .
L L L 1 1 1 _4 r i n i
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B BEZRANFZSTER

Fig.1 Results of single factor canonical discriminant analysis

2.1.4 BB E E-LFSE LS g, FEM
TS A 250 mL, Toi%s A= st [E) 15 min, 5 Vet
] 80 s, RAEHIH 90 s Z51F T, WFoak AR
(200, 300, 400 mL/min) X HL -5 1 R 2% 0 [0 1
SRER 7 2 6 A A W R SR BRI it kA I 2R
S5 IS 2# B X (P>0.05), MHA 94
JERARE N B AT a2 L (P<0.01) (% 4),
SLOUH 50 o0 B B AL 4 1 84.95% , F AR N
15.05% , Febh @i EnEE, WE 1, &K
KB 8 400 mL/min B9 B I8 4 % 200,
300 mL/min S SR N RAE

P 3 HHERK RIS, RARHE T #
ST | TOIZS A e R] TS AR 3R A AR
T T LT 5 10 P IRERES 89 s By 07 5 5 1,
SR FHH U BT 4 A B2 A [ KSR Stk A7 #r,
DS A5 S8 A A0 X o 19 DX 2R3 Sfe 2 91
B RAERI SR RS 1.5 ¢, TZS AR EI1S min
TSR R 250 mlL, 2R 400 ml/min, §5UE
A fE) 80 s, RAEHT[H] 89 s,
2.2 ZRHERBERHIER R BE  ERAERW &M

T, XE 1 3AARRE =L ERE TR, 4
il AR E M N 2R, WL 2., A 30 s & IRE8 X}
=LA Z Y PGER N, ZJREEE; H
ANl i = ik B i A B A —FE, QB G I
ZY KBl i e B (5 5 a0 B o 65, 60, 55 s, AN
A = = - X A 5 B AR, QB feii® |, ZY
B, PRl RiL e s6, S7, HUES2, S8, S9,
A LT B = e R R S 5, Sk
— X HEAS (] 7 Wl A 25 e, BRIBUCSE 89 s IR IR 5
PO b 5k B, WL 3, mi RS B en K OB
AN, RO GI, 2Y e B, FIHEGE
SIS I AN R e =B IX 4y, SR R g
B At 2 FH PR ERU 56 89 s %ds .

2.3 A TARREELNNZLdkHENP A

2.3.1 =LFERSEREEAS LB =tFE
RS AR E R, o SR A, A T 3 el oy
SYPTESLE rdr, DLE 4, R AR R
115 42.26% , W42 5 32.67% , LR IR an B
74.93% BIfE B . AP HL = EARAES T E S,
SMTETH, RNEfE =t XMt A EE,
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Fig.2 E-nose characteristic response for taproots of P. notoginseng from different growing areas
1 RS EEVEROR, A TERZAM, AFE™
= . =L SCRBEA S T AN, B 1 RT 0 X
Bk =L SRAER, A 1T 0 X =L E
HEES:, BUKIER > 1| A EAR S SR X A F
DLP 4, 2 R b r b EARESORK W, AH
5 e o9 s < SO WP RIBHIES TEesr S 6 HERE
LR, HEG T
2.3.2 =bmsE R KO ANE =,
A3 H%E 3 AP MR =R AR | SR BETT S oy
“B0n - BE, LFELS. NI AU 553 17 45 5
B3 FREFRELERETRBERLES A AT 115 67.83% , SN2 5 32.17% , JTWI A3

Fig.3 Radar map of E-nose characteristic response signals
for taproots of P. notoginseng from different

growing areas

AR FE R, a2 KT 0 MKk =& SOmREE
fi, A 2 /N F 0 B IKEh =6 FHREES, Ok
WA 2 AT 2 AR S AR, UL 4, LI ) 5 o Hr
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Fig.4 Discriminant results of taproot and rootlet of P. notoginseng
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Fig. 5 Canonical discriminant analysis results for P. notoginseng from different growing areas
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AP TTRE 2 2 R ZRoT, FIRas R A H
MLP nJfREFIX 7y =L EMR SR, HA 1 H~HR
BEGh BB o0 O B AREE AL, BRSO R E W R IR
99.49% , WL#S, 10-6-2 MFEIRIEH A /Y 4 4~
BEARTRPRUER R . KRR . REUE ., ReHE, DR
AUS B {H 73 51 A 99. 49% . 99.49% . 99.50% .
99.50% , 99.50% , WF* 6,

FE=Lr= s e, rRlLER | SORG R
W AR A AR, R 10-6-3 RIAR/E R e 2454,
Rl AJZ 10 o, B2 6 i 280 F
JZ 3 AEon, FIRras RV MLP o] X 43 =
e, W7, BT EAREHA S, 14 QB
FAREEMRE R GI FMREEM,, FE& I 2 e 8
99.49% ; FTESARF=HLA R, 2 4> QB SR PR
FIR GI AR, 2 4> Gl SZARFESL oY R ZY S4B,
FEM IS UERN K 95.95% , 10-6-3 4% IR I 7 14
R AR M G ERG A R REUE, 5
FELL K AUS (19 35906 5 511 8 99.32% . 98.98%
99.01% . 99.50% , 99.25% , WL 8; FAR= ¥
IVERGR , Mg, REUE . FRRE LR AUS /Y
-2 fEH 4 B R 97.29% . 95.95% . 96.07% .
98.00% . 97.03% ; Zi L Frik, MLP #4544 73 My
= E RS SR S A H A R I A
95.00% LA . 454 MLP #4 M4, BT aES
PASEEN = ER S SO K™ M i B X 4

x5 ERMIZMBBEBEEINER

Tab.5 Results of confusion matrix for identification of
taproot and rootlet
FEOh FEH AR
T 99 0
HAR 1 98
HEH /% 99. 49

F£ 6 MLP 9% 10-6-2 MIgHEEESE (%)
Tab.6 Performance parameters of 10-6-2 grid MLP classi-

fier (%)

PR MR R REUE O WRIE AUS
A 99. 49 100 99. 00 100 99. 50
HHR 99. 49 98. 98 100 99, 00 99. 50

XM 99, 49 99. 49 99, 50 99, 50 99. 50

F7 FHFIREEERESER
Tab.7 Results of confusion matrix for discrimination of

growing areas

AR 1) A OB GJ Y
OB 32 1 0
AR b ) Gl 0 33 0
VAY 0 0 33
OB 31 2 0
SRR ) 5 Gl 0 3l 2
ZY 0 0 33
L S %% 99. 49
SR b % 95.95
3 g

EABAPN Tk, B FREARE PR ™
M AR AR SRR RO T OH R0 5 A
Fl. Wang % R IR G B2 M 4 350000 T 4
fibel 7 SRS B b= b e T 438 HLLER
A 87.56% , 4 E LT oA R A A B
KA 32 Y F - BT L X 234t e R HAE il
TEL R 4 Fep 25 450, R AR S0& 5 2t
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&8 MLP 5% 10-6-3 MigEaESH (%)
Tab.8 Performance parameters of 10-6-3 grid MLP classi-
fier (%)

BIREH]  Feah  MERDE ORI AHUE JERIE AUS
FHSHAG QB 98.98  96.96 100 98.50 99,25
Gl 98.98 100 97.05 100  98.52
ZY 100 100 100 100 100
TH(E 99.32 98.98 99.01 99.50  99.25
SRR OB 97.97  93.93 100 97.05  98.52
G] 9595 93.93 93,93 96,96 95.45
ZY 97.97 100 94,28 100 97.14
SEHI{ 97.29 95.95 96.07 98.00 97.03

37 B XG-Boost F 5L AL AT DL AR i 30 5 AR s, I
Sral | IR I R R A B3k 99.39% | 95. 65%
PPN GBS/ LS Teap (A SE RS Vi B sa = = Ead N v Sl
R 7 87, B LR AT 3k 100% 7 1k
Ab, B BARAE B4 A R (5 B R R b ) 5
it R T HAES, 2B uEREE 99.53% Y

bR R FEY R BRI B
BESE | IR 6%, U RIS RIS THE
TR, W= ER R, P ROR RS
Xt LN TR A R, A BHOA LA R A Al e 22
S, FIHAWE BIF M = L& 5 LA Al 41k,
ASHIFSE I FH PR 3R 7 22 43 Bt £ S 0 4 531 53 e o
THTFREIN = L MR MR 1.5 g, T
25 A IR TE] 15 min, T0ZS R FH 250 mL, A AR
it 400 mL/min, Z54 3 04020 B 5 800 ) 531 43
B o] B S = AR R A E X Sy,
WL AT RE S =B P b A e PR X 4, Hih E AR
P X A0 RO FE SR PR XK A R, MLP #2
28y BrRE St =L MR, SRMERK S,
Wi IR 99. 49% ; 78 AR = MBI, HER RN
99.49% ; FE AR Hu A B, MERA A 95.95% .
ARG P AR AG 2 A e 7 SRS I R (e B AR TS
S =L AR SRR E N RS, 5SS
JRBFgE R, AT T R B T B =
DAL 05 4 B 2 5 (R e, S S R A
B CHUEM, LA AT S = A
SR AT A RS
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