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Flavor characterization of two Kkinds of Notopterygii Rhizoma et
Radix volatile oils based on sensory evaluation and electronic nose
technology, and establishment of nondestructive detection models
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Abstract Objective:To conduct odor analysis of the main effective components, namely volatile oils, contained
in two varieties, Notopterygium incisum Ting ex H. T. Chang and Notopterygium franchetii H. de Boiss, to provide

a feasible method for promptly and accurately distinguishing between the differences in volatile oils of these two
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varieties of Notopterygii Rhizoma et Radix. This enriches the traditional evaluation content and serves as a refer-
ence for assessing the quality of extracts predominantly governed by volatile oils. Methods: The flavors of two
samples of Notopterygii Rhizoma et Radix volatile oil were analyzed using electronic nose technology and sensory e-
valuation. The electronic nose data obtained were subjected to analysis and identification through principal compo-
nent analysis (PCA) and linear discriminant analysis (LDA). Additionally, two nondestructive testing models —
Fisher discrimination and multilayer perceptron (MLP) neural network discrimination were established for sample
differentiation. Results: Sensory evaluation results indicated that pine resin flavor, cool flavor and woody flavor
were the primary odor characteristics of both Notopterygii Rhizoma et Radix volatile oils. Additionally, the key fla-
vor attribute influencing acceptance and differentiation was identified as spoiled yuba flavor, with the Notopterygi-
um franchetii H. de Boiss volatile oil exhibiting a stronger presence of this attribute than the Notopterygium incisum
Ting ex H. T. Chang volatile oil. The electronic nose results revealed that the nitrogen oxides’ response values in
Notopterygium franchetii H. de Boiss volatile oil were significantly higher than those in Notopterygium incisum Ting
ex H. T. Chang volatile oil. Meanwhile, the response values of hydrides, alcohol ether aldehydes, and ketones
were slightly lower in Notopterygium franchetit H. de Boiss volatile oil compared to Notopterygium incisum Ting ex
H. T. Chang volatile oil. The Fisher discriminant model demonstrated overall discrimination rates of 93. 8% for
the training set and 87. 5% for the prediction set of the two volatile oils. In contrast, the MLP model achieved dis-
crimination rates of 89. 3% for the training set and 91. 7% for the prediction set. Notably, the MLP model proved
effective for identifying volatile oils, while the Fisher model exhibited greater suitability for discriminating volatile
oils with broad — leaved characteristics. Conclusion: The combination of artificial senses and intelligent senses
can be characterized from both subjective and objective perspectives, elucidating the flavor differences between the
two kinds of Notopterygii Rhizoma et Radix volatile oils. The established Fisher discriminant function and MLP
discriminant models can rapidly and accurately distinguish between the two kinds of Notopterygii Rhizoma et Radix
volatiles. This lays a preliminary foundation for quality control in Notopterygii Rhizoma et Radix volatiles and of-
fers new ideas and directions.

Keywords: Notopterygium incisum Ting ex H. T. Chang; Notopterygium franchetii H. de Boiss; volatile oil; elec-
tronic nose; sensory evaluation; principal component analysis( PCA) ; linear discriminant analysis( LDA) ; nonde-

structive testing model
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Tab.1 Informations of samples
Rl g (ERES leina| Al
('sample) (origin) (oil yield)/(mL + g") (collection time) ('species)
1 DU 1| B39 ( Aba, Sichuan) 1.0 2022. 07 1% ( Notopterygium incisum Ting ex H. T. Chang)
2 Y J1| B39 ( Aba, Sichuan ) 0. 80 2022. 07
3 U 1By 31 ( Aba, Sichuan ) 1.6 2022. 07
4 pu 1| Baf 31 ( Aba, Sichuan) 2.6 2022. 07
5 Y J1| B 391 ( Aba, Sichuan ) 2.0 2022. 07
6 pu 1| Brf 1 ( Aba , Sichuan ) 1.6 2022. 07
7 pu 1| Brf 1 ( Aba, Sichuan) 1.8 2022. 11
8 PO 1| B39 ( Aba, Sichuan ) 2.1 2022. 11
9 Py 1| Baf 1 ( Aba , Sichuan) 1.5 2022. 11
10 Y J1| 391 ( Aba, Sichuan ) 1.9 2022. 11
1 P 7% ( Haidong, Qinghai) 2.1 2023. 08
12 3 2L ( Wuwei , Gansu ) 1.6 2023.08
13 H i & P4 ( Dingxi, Gansu) 2.2 2023. 08
14 Ht H#5 ( Gannan, Gansu ) 2.6 2023. 08
15 Y J1| B39 ( Aba, Sichuan ) 1.7 2023. 08
16 Y J1 B39 ( Aba, Sichuan ) 1.9 2023. 08
17 pu 1| By 31 ( Aba , Sichuan) 1.4 2023. 11
18 Hifr 8B ( Wuwei , Gansu ) 2.7 2023. 11
19 T W 74 ( Hainan, Qinghai ) 1.2 2023. 11
20 Y JI| B39 ( Aba, Sichuan ) 1.6 2023. 11
21 Y J1| 31 ( Aba, Sichuan ) 0.90 2023. 11
22 H R B ( Longnan, Gansu ) 1.5 2023. 11
23 T 176 7 ( Hainan, Qinghai) 1.3 2023. 11
24 YU 1| B 391 ( Aba, Sichuan ) 0. 80 2023. 11
25 U 1| BT 451 ( Aba, Sichuan ) 0.90 2022. 07 FENF 3237 ( Notopterygium franchetii H. de Boiss)
26 Y JI| B39 ( Aba, Sichuan ) 1.6 2022. 11
27 DU 1| B 391 ( Aba, Sichuan ) 1.3 2022. 11
28 P 1B 451 ( Aba, Sichuan ) 1.7 2022. 11
29 pu 1| Brf 1 ( Aba , Sichuan) 2.7 2022. 11
30 pu i Baf 31 ( Aba, Sichuan ) 1.5 2022. 11
31 PO J1| B39 ( Aba, Sichuan ) 1.0 2022. 11
32 G 75 (Haidong, Qinghai ) 2.2 2023. 08
33 H 7t 2 74 ( Dingxi , Gansu) 1.4 2023. 08
34 Hi¥ B 6 ( Longnan , Gansu ) 1.3 2023. 08
35 H7fH# (Gannan, Gansu) 0.70 2023. 08
36 U 1| Brf 31 ( Aba, Sichuan) 1.9 2023. 08
37 375 (Haidong, Qinghai ) 0. 80 2023. 08
38 37 ( Hainan , Qinghai ) 1.3 2023. 11
39 3145 1 ( Hainan , Qinghat ) 1.1 2023. 11
40 H7fH# (Gannan, Gansu) 2.5 2023. 11
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Tab.2 Odor characteristics and reference standards for sensory descriptive analysis
EEEME FE S ZIkE W SHE

(organoleptic attribute ) (definition ) (reference sample) (concentration)/(mg - L™')  (score)

FANEM: (pine resin flavour) FARS HY AP IEIRTE (the smell of resin oo- o — JEM (o — pinene) 10 5
zing from pine trees)

AT (woody flavor) WA EA AR K 7 (the woody fragrance of o — 2% (o —ionone) 8 5
trees)

W (grassy scent)  FEESE O MR (the smell of i ~3 — CUR% — 1 BiCeis ~3 - 5 5
grass or young leaves) hexen -1 —ol)

Y17 (earthy scent) Je - FHHF G 19 S Bk (the smell of the soil 1 -8 -3 —fE(oct —1 —en — 8 5
after ploughing) 3-ol)

TR (cooling sensation)  JE AT J2AYSE (cool and light fragrance) L — s (L — menthol ) 12 5

F1Z (the smell of b 25 4 56 19 WK (aroma associated with TEFF 1IFS 1 IRVE ( Huoxiang 4ml - L™! 5

Chinese medicine ) Chinese medicine) Zhengqi oral liquid)

JHFIA (smoky flavor) SRR £ ) — ol RR UK ( unique 4 - ZHABIART (4 - ethyl -2 - 7 5
smell produced by smoke fumes ) methoxyphenol )

WEFF IR (roasted aroma ) W F 7= A B 7 IR (aroma produced when 2,6 — —HIFLMEEE (2,6 — dimeth- 9 5
baking) ylpyrazine )

17k (fatty flavor) A AN M B il B BR G (unpleasant,, (E,E) -2,4 - BEIht 5 5

greasy smell ) [(E,E) -2 ,4 - heptadienal ]

B BUETTIR (the smell e 1) 72 TR AT i AR (the smell of AR FT : 7K (spoiled yuba: 1:8 5

of spoiled yuba) unpleasant spoiled yuba)

water )

R, BRI PE Y, TR AR PR (8 S (B A ot
AR R0 RS, LAFE 3 A AR AR Uk 4
2 PEVEIR 20 WX B i 1) 45 52 BEREAT V00, TR 2K B
Wy, TR AR BB e A3 01

R3 BESKEZETSEN

Tab.3 Detailed scoring criteria for overall odor acceptance

Win 14 PEorbRiE
(score) (grading criteria)

9~10 SWRIH & &F &, Ik = 12 5% (the smell smells pleasant and
acceptable )

7~8 SRR, 127 BT (the smell is unique and the acceptance
is good)

5~6 MR, AR, AT 214252 (the smell is unique, non — pun-
gent, and acceptable)

3~4 BRI B, H SIS, A AE 52 (the smell is pungent,
unpleasant, and unacceptable )

0~2 SMRICHEZ 5% (the smell is unbearable)

2.3 TRk

20 pL 4% T 4 mL izs gEAER N, % 3,
25 °CF -5 30 min, #f A T S5k TR . A%
TR A 607 FH T 280 3 R A D 78 0 R G, R A% Rt i) iz
{5 5 R AT A I o A 2%« SR R R I
300 mL + min " fEJEREHE VERT 1] 120 s, KA B[R] 7]

RWEHR L

B L s, MK E] 60 s, BEAH-FATIE 3 U, T Bl
S X I A R LR 4

F4 BTRERSRIKEEINSIKUEEWEINGL

Tab.4 Electronic nose sensors and

their responses to odor compounds

[T

(the name of the sensor)

PEREfIAR

(performance description)

WIC
WsS

W3C

W6S

WsC
WIS
WIW

W2S

FFEA A (aromatic hydrocarbons )
RAGEER T AE AP R A (high sensitivi-
ty, sensitive to nitrogen oxides)

T 47, R I U (sensitive to aromatic
ingredients and ammonia)

XA (R AY) A % B 2 [ selective for
hydrogen (hydrides) ]

Joe)% 557 4y (alkane aromatic components )
Yot F BE2AHUR (sensitive to methyl groups )

X JC ML AL 9 655 J8% ( sensitive to inorganic
sulfides )

ol i Mk %5 ) 2k 3 J8% ( sensitive to alcohols,
ethers, aldehydes and ketones)

2.4 Bt

K HL T 5 R 43 B 4 Winmuster 1. 6.2 i
7 PCA .LDA #1 Loadings , #| il SPSS 25.0 %% 7
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AUDRER B AR, B TR A i R 5 4 7 R i M 1) R
IR E 22 S 5N Y T8 S5 A AR TR P ) A i
2SR . MR 2 B, BYE RO B T 2 Fb
TETHHE RN HEZ FEAFAE 22 57, T s FE I B B IR <
WREESZ B = T Oa M SETE A k. ol 2 MhORTE S ARy
BNRIRIESZ PEFN R & T 25 2R T 0, 72 B ATk 2
SN 2 FOETEAR R R 28 5 0 £ AR, A
CEPAN DIFTHESZ , AU SR BBy , 252 BE BRI, 2
SR 2 PG TSR A I B ) S R

N — JE¥E (Notopterygium incisum)
- ine resin flavour) — % H-3&3&(Notopti i hetii
AR (s - ) i -6 i&(Notopterygium franchetii)
(the smell of
spoiled yuba) 3 &k (roasted aroma)

LS
(fatty
flavor)

A JFi tf(woody flavor)

HHE
(grassy
scent)

e+ F (earthy scent)

(smoky flavor) ¥ 558k (cooling sensation)

124 (the smell of Chinese
medicine)

1 2MEFELZHNBRETMNEILE
Fig. 1 Radar charts of sensory evaluation of two kinds of Notoptery-

gii Rhizoma et Radix volatile oils

3.2 T HTHITRIT

3.2.1 WL B ARIEAR X 2 Rl I P4 A AR I i
BERGPEOY  HR 1 b Kl O T UL S A5 AL SR
X I 185 4 5 A AR IR W 7 B B 22 S, AR 8 A

1% % (acceptance)

T
JE TE I e
(Notopterygium incisum) (Notopterygium franchetii)

B2 2#EFERBBEZIETNER
Fig. 2 Evaluation results of acceptance of two kinds of Notopterygii

Rhizoma et Radix volatile oils

LR (W1C, W5S, W3C, W6S, W5C . WIS, WIW .
W2S) Xif JE 17 4 K 118 1A IR o [0 58 B R AT 43 A
HI [l 3 RIHT, A4 il I AR AR SR A HH ], R 4528
AV B BE R EL 9 R (R A JEER WSS W28
WIS Fi1 W6S X 2 i I 17 4 & i B A4k M iz 548, Y
REAB YIS BRI 2SS AL 267 2
T 98 196 F2 & T A it b S A e HL X AR K, SR
T 2 FPOETE 5 I 1 BEREE R 2 L8 A
e R A AR S URR

— i
WiC (Notopterygium
20.00 incisum)
— R
(Notopterygium
5. J
w28 . L franchetii)
10.00
5.00
WIiwW 0. w3cC
Wis We6S
WsC

3 BTEXN2 MEFEELMERENNELE
Fig. 3 Radar diagram of the response of the electronic nose to two

samples of Notopterygii Rhizoma et Radix volatile oils
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AEH, RN T T S O 5 BT AL 3 o B
I G 2R AL R LA T B A 25 b o 1 11 43
Bt LI AL 1K 2 b 96 3 1 AUk 25 S A 4%
HIARRRIE . X 40 92T 4 & ke S 2T PCA,
S 4 frow, PCL, PC2 1 53 Bk R 4 B K
87.52% \11. 65% , SRk B F1 99. 17% , Ut 2 A~
JL 53 T AR 2 95 16 H5 T AR b A ASOR 0 1) R BEAE
Boo B4 TG H,2 Fhogis 15 & i R EAE AR R Y
DI, AT A T X 43, 16 B 2 o 92 1% 45 2 Tl A A
S B & A RRHE, SR1M0,2 FhOETE
PER MBS OB AR, &% A ¥ vt . 3
R R S B, 2 A T AN FL 2 R
M), L 24 RE 7= M i A7 5 ) il 21 46 PR 3t & %
H 2 T A0 1 A R R B 1Y 25 . LA, JETE
55 IR HIE SRS AT 43 A AT e
55387 KR AN [RIBIAK I8 18 5 & 1l 22K 4y
B IEAR— 3 (A R AR A B AT
TE—EZ T mE 4 Al X R SR A ] 4
SZALIE N, 2 PGS & AR S 22 R A A B A
a0, AT A E AR 43 BRI, R FH H 5T DA Al 1 51
FR A3 2 FhSE TG4 & AR T I FE AR

JEIN (Notopterygium incisum)

2. main axis(Variance: 11.65%)

& &5 (Notopterygium franchetii)

5 10 15 20 25 30 35
1. main axis(Variance: 87.52%)

4 2 RIEFELMERE PCA 217E
Fig. 4 PCA analysis of two varieties of Notopterygii Rhizoma et Ra-

dix volatile oil samples

£ PCA [1y2LAk |, 12 F Loadings 43 #fr Sz WA [l
TR 8 17 4 A il SR IO AR ORI ol i A% el
AE ST 928 A I v ) A7 R ) I o Ao A 3 A
SR TTRRAR 9 K/, M E— 25 25 08 3 45 il <
WRZE SRR, 45 R RS, 16 2 Fh B3 H4 A R
L WSS WIS W6S F1 W2S X 4 ML a2 AF
AR WSS LERTAR AR [i) I 5 S s, BIARUR,

RWEHR L

G WZACE Wxr DX 2 Fh I 105 45 A A it R AR
WR A BTk 5 A, T L B 2 | R SR R AR 2
B EER R otk o, WA S X ST
ST IR E 4 A — 20

= W6S
051 mW2S
n
- 044 IW?(/:IC
S
*
© 03
= = W3C
fo3
g 02
= " WIW
s
Z 0.1
K]
£ 04 m
= m WIS
0.1
W5S m
-024

0 01 02 03 04 05 06 07 08 09 I
1. main axis(Variance:87.52%)

B 5 24 mFIeiEiE R im e o i E
Fig. 5 Loading analysis of two varieties of Notopterygii Rhizoma et

Radix volatile oil samples

3.2.3 LDA  LDA 25 1 Fiviy F A B o 25 F e 2k
Jrid, AT DASEA R B AR i 1 05 8, LR AU I A
A B BRI PEFOR R AR SR T RE A T L SR ATH
FEL5EG LDA X 2 Fhg G & IhaE Sl A 71X 4y, Bt
7 ZEM R/ BT LDA (Al S, — 2k Bty 22
HAYHIRE] 70% L E2 0 6 S 2 FhIEIE 4 & i
LDA [&],2 A ERio stk R 2 Fi oy 82.35% , Il T 3
TR IMAA ST ME B . B 6 2 FhIaThiE & ke
A T4 E X, JCHE A X, e 2 FhIEInE & il
ARG EOERX Sy, P, 5T 78R 19 LDA ]
DAHER SR 5 2 Fh IS T K T

=270
-2714 JE TG (Notopterygium incisum)
.

-2724 =
273 ‘ S .
274

-275

2. main axis(Variance:3.53%)

-276

i 1 98 7% (Notopterygium franchetii)
=277 T 1

T T T T T T T
-426 -424 -422 -420 -418 -416 -414 -412 -410
1. main axix(Variance:78.82%)

6 2 mIEEERRERE LDA
Fig. 6 LDA analysis of two varieties of Notopterygii Rhizoma et Ra-

dix volatile oil samples
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Tab.5 Discriminant results of Fisher’s discriminant function on two kinds of Notopterygii Rhizoma et Radix volatile oils
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Tab. 6 Discrimination results of MLP on two kinds of Notopterygii Rhizoma et Radix volatile oils
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