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Abstract: Objective This study aims to investigate the dynamic changes in color and odor during the stir-frying process of Kuxingren
(Armeniacae Semen Amarum, ASA), and to establish a “fire control” discriminant model for stir-fried ASA, providing a scientific basis
for intelligent production and application. Methods ASA samples with different degrees of stir-frying were prepared, and their color
(L*, a*, b*) and odor data were obtained using a colorimeter and electronic nose technology. Discriminant models were constructed
using hierarchical clustering analysis (HCA), partial least squares-discriminant analysis (PLS-DA), rank correlation analysis (RCA)
and linear discriminant analysis (LDA). Results The results indicated that as the degree of stir-frying increased, the lightness (L") of

ASA decreased. While the redness (a*) and yellowness (b") increased significantly. In terms of odor, the raw samples exhibited the
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highest response value on the W18 sensor, while the stir-fried samples showed increased response values on the W5S, W1W, and W2W

sensors with increasing stir-frying degree. The discrimination models based on color parameters (L*, a*, b*) and odor parameters

achieved discriminant accuracies of 98% and 96%, respectively. The bilateral 90% reference ranges for color and odor of ASA with

different stir-frying degrees were further calculated using the percentile method. Conclusion This study demonstrates that colorimeter

and electronic nose technology can rapidly and accurately identify the stir-frying degree of ASA. providing a scientific basis for quality

control of ASA, and offering a new approach for the study of processing degree identification of other traditional Chinese medicinal

materials.

Key words: Armeniacae Semen Amarum; degree of stir-frying; electronic nose technology; colorimeter technology; multivariate

statistical analysis; rapid identification; intelligent sensory technology; smell; color; hierarchical cluster analysis; partial least squares-

discriminant analysis; rank correlation analysis; linear discriminant analysis
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Table 1 Information of samples

R AR i R 5 A A
HE - HE BEIAR WBELEE A
S1 Cl BI1 SZ1 TG1
S2 C2 BI2 S72 TG2
S3 c3 BI3 S73 TG3
S4 c4 Bl4 Sz4 TG4
S5 cs BIS SZ5 TGS
S6 c6 BI6 SZ6 TG6
S7 C7 BJ7 Sz7 TG7
S8 C8 BI8 Sz8 TGS
S9 C9 BI9 S79 TG9
S10 _ CI0 BJ10 SZ10 TG10

212 AFEPHIRESE S CHES  RiE ChEZ
HL) 2020 R0 A KB IR SR f S0 = R
WA T2, BT AR S o RS RIS
HAA (C1~C10) % 30g, 1E 125~135 C 44
5 1. 3. Smin, HEIBHIA K FE T B EAFR
fh, TR, &AWL, WHLET (FEM R 5
ORLEE MG, FETER, A& PRI B
Kitrmt, EHEZN, FEED Mg 10 #
(BJ1~BJ10. SZ1~SZ10. TG1~TG10). [&]i 4
T 10 #it (S1~S10), Ak 30 g BUSHERIK
Fro R, WA 2 SR E B R, &
FEMEE IR 1, AEISHIFR R SO R
REWE 1.

A RHBAR (ST); BT R HRIAR (CT)s CHBHIA S i S HA R (BI7)s D-Ib g b iy L HM R (SZ7)5 Bl AGE i o R (TG
A-raw products and its powders (S7); B-blanched products and its powders (C7); C-under-stir-fried products and its powders (BJ7); D-moderately stir-

fried products and its powders (SZ7); E-over-stir-fried products and its powders (TG7).

E1 FEHIEEEECRAREBER
Fig. 1 Different degrees of processed ASA slices and their powders
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223 EERIULAAE  CSRA SN EA, ZHE
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i, NTHBRRGRE, BHMFERBARIE 3 %,
1w L' oM bE, HBRIEARX Ew=L"*+a"+
b2 H SRS EEE (B P2,

2.2.4 HdES AT SRH IBM SPSS Statistics 25 #
BATHERE AT, FERARRMEA T Z TIES
PERLIG AN T VE S ARG S0 . Kruskal-Wallis H #5560 #&
IR F ot , S50 R A A 8RS
KH SIMCA 14.1 #4453:47 PLS-DA 1 HCA. KH
Origin 2022 #3474

225 AESHIFREE S AT (RS T )
F IBM SPSS Statistics 25 B AF#EAT HH AL 1, 45
RN 2. LRSI, LR R s i,
RIS, K2 o RRAGRGD, a">0
TR, (BRI o <0 Rongk(h, {H
NGO TRR R s bR AL, b">0 FonE
t, {EROKEE ERRRTR; b7 <0 TR, {EBk/NIE
TR 3R 2 I, MR BE AR, LT
BHE bMEEKR, o/, XE5EEAAMA KA
WA B R R MAERSHIA B Kbl o R iR
it 3 RS E KA AR R, LEZE RN, 4
YOHIIRIE I, AR 2, BRI o
EIZRHTIER, b™ME W R I ZHT G K& .

R2 TRPHEBEESFCHAREENE (X+s,n=10)
Table 2 Color measurement of bitter almond powder at
different roasting degrees (X £ s, n=10)

e L da b Eaw

A 74.0040.98¢ 4.1740.26° 15.73£0.69¢ 75.77+£0.92¢

S 82.680.68> 1.120.17¢ 20.0810.39" 85.10£0.63°

JEHIR e 83.61+0.40° 1.431+0.319 19.1540.57° 85.78£0.32°

JEHIE S 81.6010.44° 2.9940.35¢ 20.09+0.61° 84.09+0.36

JoHI AR 70.2241.35¢ 8.904+0.44° 25.914£0.30 75.38+£1.22°
FSIARFRZRRRAN 257 8% (P<0.05).

Different letters in the same column indicate significant differences

between groups (P < 0.05).

2.2.6 HCA 5 PLS-DA Kbt F2 A A #F ok R
BN E L5 RSN SIMCA 14.1 B A4F3ET HCA (H
2) FIPLS-DA (& 3). H HCA 453 nl%n, &&=
YOHE R AR S MR A TS RO 2K,
RIS AR X A RS HIFR D6, fAE
ANFEIAEISHE A, A 1AIS A RS R 2D
HIE R R, BEBHIR 2 AN kg [ PR il i €5
BONEER . DL HCA 25584457 PLS-DA #:2Y, i
3 foR, AN H SRR S AL 22 S B, BTN

TR R
05 1.0 1.5 20 25
TG3
TG1
TG4
TG9
TG2
TG6
TGS
TG10
TG7
TGS

e

v nwn
B W O
L1

Cc7
SZ3
SzZ1
SZ8
BJ1
Sz4
SZ5
SZ6
Sz2
Sz7
Sz79
SZ10

B2 EHECWHSEDHERGREFRESN
Fig. 2 Cluster analysis of powder color in the processing
of ASA
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3 EBRCREEIRMAREE PLS-DA
Fig. 3 PLS-DA plot of powder chromaticity for ASA and

their prepared products
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227 ZHHBMBRAGL S 2R INE 3.4 fr
AN, RO IOR Se R E ] T REASE /N T 2000
ANEAKE 1 73T, ASEIG FIREAE /N T 2000, R
o 5 Bk -BUR TER N, FEABEAMIR LS oy b7
REM PAEE/NT 0.05, B NEEE AL £ T
TER PRI AT AT 225510, WhOECH s A 2 0k 36 Rk A A
5o KRR R A AR DA S AL
I ARSI A 4, Kruskal-Waillis H H L7
R3 EDMHRE
Table 3 Test of normality

F4 FEFMKE

Table 4 Test of homogeneity of variance

i LRI ¥ G HREL HlE2 BREMEPHE

L' ETP% 5572 4 45 0.001

BT A8 3.800 4 45 0.010

ETHAH0FRA  3.800 4 23222 0.016
TG H

BT BIRREPHE 539 4 45 0.001

a BT 3.078 4 45 0.025

BT hr g 2.721 4 45 0.041

ETHgOrRE 2721 4 29.698  0.048
TG EHE

BT HWRETHIE  3.048 4 45 0.026

b TP 2.023 4 45 0.107

T gy 1.496 4 45 0.219

TP HIFRA 149 4 33298  0.226
TG EHE

BT HRETHIE  1.899 4 45 0.127

i, PRSI FSKIER BB B
TG miiE REWPE Gt A BENEPE
L* 0.281 50 0.000 0.825 50 0.000
a® 0.190 50 0.000 0.810 50 0.000
b 0.207 50 0.000 0.880 50 0.000
* BRI G E MBI .

* Lilley’s significance correction.

a* b X2 4395 45.448.45.794.42.346, P=0.000;
e A AR IR L5 o B X2 2359 40.000.

40.000. 30.400, P=0.000, &I EE Hy, B52 Hi,
A B 5 RS AR TR

2.2.8 RCA FESNAES. B BHIA K.

KO HIE RIS R 5 5 2K, RIbiaraR s L
NRYS o HRE TR, TR,

Kendall’s tau-b [IAHIC R %0537 8-0.184. 0.332,

0.618, XUl P fH 759 0.081 0.002. 0.000;

Spearman AHC R %451 4—-0.288+ 0.376. 0.767, L*
KU P AE 4514 0.042. 0.007. 0.000, FE44 Hy,
% Hy, FRNALY a' b5l 5 A0 HI R EE ]
HEMMI KR

229 LDA KREMHERLEME, 1 FNE
s 2 S 3 NIDHIA K 4 NI IE
A S OIS S, SR 50 AMREARSE NIIGR
FEA, #LL LY. a b NEI NI A A0 ) K A5
(2 R, T FH N ZRAE AR el A0 ) 1) o kAT 56
k. HHER 5 HIEEHEER A LTI, 3 4N

x5 HEHBIEFUHRIEER

Table 5 Results of homogeneity of means test between

groups
T BURRA  FE  HHEL BHE2 BEEPE
L 0.022  489.376 4 45 0.000
a’ 0.011  968.237 4 45 0.000
b 0.023  472.025 4 45 0.000
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R P EHIIHN 0.000, FIAEE A 5 MAE ®8 ARULARIER
iR DS (73 e SN NN | Y 3TN <l Table 8 Functions at group centroids
P R BB, L o b AES . momm | wowh
AN AN

R, H, o1 s, WBE 4 S Eeks
i 0, FRondHIEZ Bl w2 H], TN o HHE

X HE 6 Fll BRI A R W, @7
3ANHIU I R B, Wils®s A B2 519 0.000. 0.008
10311, PAEFIN 0.000, X 3 ANl 35 51 o8 H 2y
CENES -3

F6 Wilk’s 1 I 4ER
Table 6 Wilk’s A test results

REGY  BURTA R AME REMPE
1E %3 0.000 417290 12 0.000
2HZ%E3 0.008  216.112 6 0.000
3 0311 52.628 2 0.000

R 7 A, 3 AMbRAEAL S og 5oy
HIFEE 1=-0.054 L*+0.941 a"40.055 b*. IS HIFLE
2=0.614L*—0.054a"+0.979 b* . Kb HIFEE 3=1.124
L'+0.978 a*—0.507 b*. 3R 7 W15 3 A AEbRHELL
SO BB L, o ORISR RS 1=-0.063 L™+
2.942 a"+0.104 b*—8.115. IHIFEE 2=0.722 L"—
0.169 a*+1.834 b*—92.987. Ib#HIFEEE 3=1.320
L*+3.059 a*—0.950 b*—95.741.

®7 HEMNHBIEBEK

Table 7 Canonical discriminant function coefficients

BRI PaEs - EE@Q " Lis s
L a b

FRuEfb B %) 1 —0.054  0.941  0.055  0.000
R 2 0614 —0.054 0979  0.000
3 1124 0978 -0.507  0.000

Aebruefb gy 1 —0.063 2942  0.104 -8.115
1l R 2 2 0722 —0.169 —92.987 —92.987
3 1320 3.059 —95.741 —95.741

MR E RIS 5r, HEER 8 HOME
i, SERFAIA . B3R 9 nI13 2] Fisher £ 14 H)
IR A S =184.354 L*4305.626 a*+59.755
b"—7 930.181; J& & =192.938 L"+270.351 4"+
87.804 b*—9 011.579; JPHilA St =196.108 L™+
281.994 4" +82.982 b*—9 195.342; HbH#ili&E =
197.431 L*+299.920 a*+82.320 b*—9 331.241; b
] A i i =194.084 L*+347.272 a*+89.300 b*—
9 519.206.

LS TTUUE AN R HHIRR s A A

AL RE2 RS PRE mER R

1.134 —11.454 —0.222| 4
—7.926 3316 —2.224| 5

—2.374 2221 2.042
16.354 3.699 —0.409

1

2

3 —-7.188 2.218 0.812
598 1~5 S RIRFAEM . G IPHIAR K S I HE L KB
Kiddhs F£9. 10 [

Classification 1—5 respectively represent raw products, processed
products, fried products that are inferior, moderately fried products,

and over-fried products; Same as tables 9 and 10.

9 Fisher ¥R ERBAH

Table 9 Fisher discriminant function coefficients

R L a’ b W
1 184.354 305.626 59.755 =7 930.181
2 192.938 270.351 87.804 -9011.579
3 196.108 281.994 82.982 -9 195.342
4 197.431 299.920 82.320 -9 331.241
5 194.084 347.272 89.300 -9519.210
2 v o m
_ "E ga "
v o
0 - M
(o]
&
M 5 K
01
A2
Q3
D
- v 4
10 da & s
=l m A0
=15 T T T T T T T ™ T T
-10 -5 0 5 10 15 20
PREL 1

LW A7 2R A, 3R HIAN it 40 mliE s

Ui

5-pbhIK

1-ASA; 2-blanching produts; 3-under-stir-fried products; 4-

moderately stir-fried products; 5-over-stir-fried products.

5 HEFIR S HRE

Fig. 5 Canonical discriminant analysis plot

PEEAEREZER, HARS 1 EAE—E R
e FUIZRREA [BIACAT B A B8 B0 5 R L3 10,
10 MR 126, 10 MEREHIR 2 K, 94
KOS R il A A0 3 25, 10 AMRbHlE b4 4
2, 10 MEHERIE A A 5 28, xR R R4
), FINFFEZET Ik 98%, MRS H IR AR
RAT.
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R10 HBEROHIRITEE

Table 10 Discriminant function’s discrimination accuracy

rate
Iy TR ZE B 3 T 5 /%
1 234 581 2 3 4 5 @i
JR 4G 110 00 0 0 10 100 0 0 0 0 100
2 0100 0 0 10 0100 0 0 0 100
30091010 0 09 10 0 100
4 00010 0 10 O 0 0100 0 100

50 00 010 10 0 0 0 0100 100
LXHUET 110 00 0 0 10 100 0 0 0 0 100
2 0100 0 0 10 0100 0 O 0 100
300910 10 0 09 10 0 100
4 0 0010 0 10 0 0 0100 O 100
50 00 010 10 0 0 0 0100 100

AUERXS AT R AN SRR T RS UIRIE s TERC UBRIET, AR
H R 4 AN 1% S LA R T AT AN SR A2 1 R Bk AT 702K

* cross-validation is done only for cases in the analysis. in cross-
validation, each case is classified by the functions derived from all

cases except the case in question.

2210 WOEFESEWEEY. BTHEEAHLLIT
A, RSBECERM A A 8ak, HEwA
AZAN RN B ] A (R XU 90% 2 3 [, 28 SRtk 11
Jr7s o AN K A 7 A A A P 3R HY B
MIZESE, KOHIA Kdh s IOE T S R0 R
L' aM b"YJRAES, aHENFIPHITEE T2
R, XL T2 5 g S AN [ ] A Ao ) A A 32
7 EERORES R

F 11 FREDHIZEES AN 90% & 2L EEHE
Table 11 Bilateral 90% color reference range for ASA with

different degrees of processing

UNE s L a b*

A i 72.46~75.83 3.73~4.52 14.85~16.91
JE (it 81.84~83.97 0.87~1.34 19.22~20.25
I K i 8336~84.06 122~1.53 18.67~19.14
P 13 81.10~82.08 2.66~329 19.15~20.73
PO R Ay 69.32~71.33 8.40~9.17 25.56~26.19

23 ETSRENEECAEDHIREEIRESHR
230 RBRAEIE TTIEAEAE RS AREGE A
FEAF KA Gk R G 2 507 % 3g, BT
50 mL /NEERIAR AR, HIXUR OREEORE AR D%, B
AOREAREIRE S, M TATHIE 3 4.
fh SR CE IS (8]0 2 h, ARSI E RIFRINTA] 1s, f%
A HIETERT R Y 1205, HBIHZER (] 10s,
HEITTE] 5 s, P HTRFERTE 120 s, PABAS AR

JE 300 mL/min, 3SR 300 mL/min, P47
E 3 W RIGVEFE 108~ 110 s Fazs i Z1 (5
T3 o RRAL AR A . 28 LI 6

232 WFRNEREREES BFEM (BIS), %
H8“2.3.17 TR 7 AT = ka i, HEEME 6 1%,
O, THE &AL RS TR g i RE ) RSD fH. 45
B (K12 YT 2%, RIZAEHREEE R AT.

4

- --.. — WIC
-7 - -- W5S
-~ W3C

-— W6S

K W5C

21 , WIS
WIW

T e sl Tio-e W2S
1__”1__._. AL T AT M e i s Py s S ek ke ok s e ot W2W
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i NAB(G/Go)

0 Zb 4'0 6'0 Sb l(')O léO
t/s
Bl 6 [RinHiEmLZE
Fig. 6 Original data curve
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Table 12 Results of precision assessment for electronic nose
(At USRI
KA WI1C W3S W3C W6S W5C WIS WIW W28 W2W W3S
0.742 1.482 1.076 0.997 0.811 1.781 1.648 1.839 1.435 1.072
0.741 1.489 1.053 0.996 0.811 1.803 1.640 1.829 1.431 1.073
0.742 1.488 1.056 0.998 0.812 1.798 1.635 1.843 1.425 1.074
0.742 1.488 1.055 0.997 0.812 1.800 1.637 1.836 1.428 1.073
0.743 1.479 1.076 0.996 0.810 1.776 1.644 1.825 1.433 1.072

6 0.743 1.481 1.078 0.996 0.811 1.778 1.645 1.830 1.435 1.072
RSD/% 0.12 030 1.16 0.08 0.07 0.68 0.30 037 0.28 0.09

W R W N —

2.3.3  AS[AID IR P v A AR AR B e AR I 5
S8 “2.3.17 TRk, 43 B E A AZ B AR
IS H] S AR AT SR RS, ZAEsH 10 4
TE il T TAE M &8 S SR B AL R 3 4
J8 AT LS AS R I R R AT 2 R, B
FpAME IR B — AN A (U D,
R REAL AR IR S AR AR ) WI1C-J%
BAEY). WSS-HEAM A W3C-H I, W6S-A
. W5C-HERE 05 5 15~ WIS-kids. W1W-
MALE DY) W2S-BEANEERR S . W2W-J7 B2 A4 J
AN E D). W3S-Fe 8RR 25 . 1545 0
% 13,

234 SREIAEIEN  BUS AR B IA B
LA A EERE S SRR RS T A, S5 7. A
HT R, AN A R AR P 2 SRR, Ui
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Table 13 Odor sensor response values of ASA and its roasted products at different degrees of roasting

R A SR i i

U 5 Wi

FEfh

WIC W55 W3C W6S W5C WIS WIW W28 W2W W3S

FEdh

WIC W5S W3C W6S W5C WIS WIW W28 W2W W3S

S1
S2
S3
S4
S5
N
S7
S8
S9
S10
Cl
C2
C3
C4
C5
C6
C7

0.581 1.468
0.479 1.563
0.537 1.362
0.493 1.427
0.555 1.402
0.567 1.329
0.544 1.478
0.553 1.480
0.561 1.389
0.551 1.348
0.880 1.544
0.857 1.525
0.927 1.466
0.896 1.444
0.864 1.550
0.990 1.311
0.858 1.511
C8 0.907 1.442
C9 0.966 1.351
C10 0.899 1.409
BJ1 0.713 2.336
BJ2 0.737 2.140
BJ3 0.728 2.003
BJ4 0.712 2.160
BJ5 0.760 1.671

1.022 1.003 0.629 2.875 1.498 2.363 1.490 1.014
1.020 1.021 0.629 3.469 1.572 3.072 1.613 1.047
1.023 1.009 0.586 2.813 1.413 2.625 1.419 1.018
1.025 1.001 0.641 3.228 1.514 2.488 1.545 1.015
1.019 0.990 0.698 2.781 1.421 2.491 1.379 0.996
1.034 0.995 0.674 3.001 1.368 2.370 1.239 0.966
1.013 0.995 0.636 2.615 1.483 2.250 1.510 0.990
1.017 0.993 0.695 2.817 1.476 2.592 1.407 0.990
1.017 0.996 0.697 2.538 1.411 2.532 1.289 0.994
1.024 1.001 0.697 2.646 1.402 2.499 1.365 0.997
1.013 0.986 0.941 0.851 1.376 0.935 1.369 1.006
1.017 0.985 0.924 0.947 1.371 0.985 1.313 0.992
1.034 0.991 0.983 0.827 1.408 0.869 1.312 0.996
1.019 0.984 0.942 0.921 1.322 0.975 1.267 0.978
1.015 0.989 0.926 0.952 1.373 1.027 1.272 0.991
1.047 1.007 1.020 0.815 1.201 0.929 1.185 1.021
1.013 0.997 0.943 0.942 1.348 1.010 1.299 1.021
1.022 0.983 0.948 0.943 1.306 0.987 1.252 0.989
1.019 0.996 0.993 0.843 1.265 0.951 1.180 1.010
1.018 0.983 0.951 0.913 1.324 0.988 1.267 0.988
1.017 1.012 0.831 1.254 1.651 1.307 1.538 1.088
1.017 1.002 0.813 1.228 1.570 1.341 1.426 1.093
1.020 1.002 0.840 1.177 1.523 1.248 1.400 1.081
1.018 1.005 0.828 1.220 1.581 1.298 1.455 1.088
1.012 1.008 0.884 1.091 1.407 1.192 1.289 1.080

BJ6
BJ7
BJ8
BJ9
BJ1
SZ1

S72
SZ3
Sz4
SZ5
SZ6
Sz7
SZ8
SZ9

SZ1

TGl
TG2
TG3
TG4
TGS
TG6
TG7
TGS
TGY

0.743
0.749
0.761
0.751
0.753
0.700
0.718
0.710
0.709
0.719
0.716
0.715
0.717
0.716
0.716 2.693

1.945
1.925
1.847
1.905
1.892
2.681
2.426
2.600
2.836
2.621
2.685
2.714
2.673
2.691

1.017 1.005 0.850 1.162 1.504 1.246 1.381 1.083
1.016 1.006 0.854 1.158 1.497 1.246 1.375 1.084
1.015 1.006 0.863 1.137 1.469 1.228 1.348 1.082
1.016 1.006 0.856 1.152 1.490 1.240 1.368 1.083
1.015 1.006 0.857 1.149 1.486 1.238 1.364 1.083
1.025 0.999 0.812 1.361 1.875 1.246 1.702 0.984
1.019 1.004 0.842 1.221 1.617 1.241 1.611 1.050
1.020 1.003 0.837 1.244 1.659 1.242 1.692 1.039
1.021 1.002 0.830 1.275 1.717 1.243 1.802 1.025
1.020 1.003 0.836 1.247 1.664 1.242 1.702 1.038
1.020 1.002 0.834 1.255 1.680 1.242 1.732 1.034
1.021 1.002 0.834 1.259 1.687 1.242 1.745 1.032
1.020 1.002 0.835 1.254 1.677 1.242 1.726 1.035
1.020 1.002 0.834 1.256 1.681 1.242 1.734 1.034
1.020 1.002 0.834 1.256 1.682 1.242 1.735 1.033
0.693 18.062 1.037 1.030 0.777 1.678 2.538 1.621 3.064 1.068
0.699 17.902 1.027 1.010 0.787 1.798 2.627 1.816 3.165 1.007
0.694 18.634 1.027 1.008 0.788 1.685 2.571 1.832 3.018 0.996
0.686 19.004 1.027 1.029 0.789 1.732 2.970 1.830 3.030 1.062
0.687 20.434 1.036 1.000 0.732 1.653 2.641 1.713 2.695 0.988
0.669 18.977 1.015 1.000 0.768 1.628 2.689 1.651 2.638 0.980
0.728 17.401 1.013 0.996 0.807 1.551 2.485 1.732 2.466 0.992
0.713 17.899 1.016 0.997 0.791 1.657 2.474 1.652 2.487 0.963
0.716 19.477 1.016 0.997 0.799 1.641 2.855 1.725 2.824 0.943

0

0

TG10 0.715 18.338 1.012 0.994 0.799 1.635 2.606 1.728 2.678 0.930

W5S. W2S. WIS NLALEES; WIC. W2W. W3S N7 F ik isss.

W5S, W2S and W1S are main sensors; W1C, W2W and W3S are aromatic sensors.

WIC

—a— R,

—o— i

—a— WA

—v— Wi
EIPSS,

W58
4

EnEoEo

WIS

E7 TRMWHIREEEECSKELE
Fig. 7 Radar chart of the odor of ASA with different

degrees of stir-frying

HL T B A R 110 e L 0 5 A 0 o R B A
AR G . Forf, AR AR TE WS A2 Jak 35 i o7 {2 5% 58
Bl & KO HIFE LI INER, SRIE WSS WIW. W2W
A I P ) A S 1 K

2.3.5 LB BT BT RS AR AT
AR RBUBE 238 03 38 S H A XT AERE T PRI, BT LA
oL AR ) AT e 2 L 2R 55 1) J, 3 A BT
B BE, FUIEREESmPE S PSR, N T
B, ERRTERIURE BRI, 7%
XF LT B (AR AR AT RE AR . ARSEEG A IBM
SPSS Statistics 25 F 4K HL T 5 10 MG 2% e N AE
fiit Spearman A AT, 4 2 MEEIIIAH LR
BEMOR, UFRA ARG, FTIREL(E B —5
PR EE IR, 2 NTUUEAREA, BkRHEH 14
AR MESE AR 14 F11E 8 Fim. Hof WSS &8s
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Table 14 Results of correlation analysis of electronic nose sensors

SpearmanfH ¢ %L
& AR
WIC W5S W3C W6S W5C WIS WIW W28 W2W W3S
WIC 1.000
W5S -0.147 1.000
W3C -0.312" —0.007 1.000
W6S -0.232 0.326" 0.250 1.000
Ws5C 0.959* -0.172 —0.245 —0.184 1.000
WIS —0.953™ 0.179 0.300" 0.183 -0.977" 1.000
WIW —0.439™ 0.931™ 0.146 0.387" —0.461™ 0.471™ 1.000
W2S -0.910™ 0.129 0.178 0.193 -0.961™ 0.950™ 0.415™ 1.000
W2W —0.504"" 0.881* 0.197 0.368™ —0.522" 0.538™ 0.967"" 0.455™ 1.000
W3S 0.122 0.076 —0.028 0.725™ 0.195 -0.219 0.044 —0.149 —0.004 1.000
TE 0.05 400 (BB MIKRMERE: TTE 0.01 4 CRUR) MRMERE.
* correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the 0.01 level (2-tailed).
1.0
WIC | WIC —0.150 —0.300 —0.210 0.960 0.960 —0.450 —0.910 —0.490 0.130
wss [ X wss 0310 —0.180 0.180 0.890 0.130 0.890 0.080
0.6
W3C X W3C 0290 —0260 0270 0.140 0.160 0210 0.043
wes | X W6S —0.160 0.180 0360 0.190 0.360 0.750
0.2
W5C . X X X W5C -0.980 —0.470 —0.930 —0.510 0.230
WIS . X X X . WIS —0.480 0960 0.510 —0.220
-0.2
WIW . X @ WIW 0420 0.950
W2S . X X X . . W28 0.450 —0.170
-0.6
W2wW . . X . . W2w
ws | X X x @ x x x x x ws|@

WIC W5S W3C W6S WsC WIS WIW W28 W2wW W3S
ALOMRERIEMR, WOARIHR: XARARAMEE: BZFMAKF: 0.05.
Red represents positive correlation, blue represents negative correlation; X indicates no correlation; significant level: 0.05.
8 HF2 Spearman XM E

Fig. 8 Spearman correlation heatmap of electronic nose

5 WIW. W2W LS C R B2 0.9 BLE,
FRACLEE A i, FITSRE SO B — Bt s, (R,
TE 3 MERRER IR R 1| MR AT I
k.

K FH B 7 B 0 B AR R I DTk R DN,
TR A B2 T8 X 4 B, 3
— L BRER A AR, W) AR R TR R
Ko HE 9 FIAL 10 MERES P LRSS WSS WIW,
W2W  BIPEF#far 4R i, RELIEREE WsS Al
WIW. W2W HONHRME RS, Ihah R S5 M 7

Brah R—350, PTG BRI 2 AN CUAAR IR R A,
HT WIW. W2W 768 2 R4 Eovlkga ), A
HEHIER WIW. W2W L% . 7256 2 T pisr | WIS
TR R /N, TR WIS AL Es . 45 R ety
BT AR AT 45 SR, AL B W1C, WSS, W3C,
W6S. W5C. W3S Fl W2S 2H il A% B g B 51 L
P wie

2.3.6 PLS-DA izf] SIMCA 14.1 %A%+ 50 fibhe
i FL - 52 A SR AR I LB 134T PLS-DA, 11 10 4>
FE IR AR 22 RO BRI 7 . SR LI 10~12,



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14

* 4975 »

WSS ,WIW
w2w
041
wiC
< %21wsc
s | W3Cy WS
0
8
I 0
|©)
=)
W3S
0.2
w2s
wis
04— : . :
04 02 0 02 04
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Fig. 9 Loadings analysis chart of electronic nose odor

sensors
A
4
o, *
0.‘
2 *
TG1~TG10
C1~C10
. SZ1~SZ10
a0 " e 7
= Al
BJ1~BJ10
- S1~S10
. >, .
N
-6 -4 -2 0 2 4 6

t[1]
Ry[1]1=0.428 Ry*[2]=0.280 Ellipse: Hotelling’s T2 (95%)

10 TRIMFHIEEESCEFREERIMME PLS-
DA 1§45
Fig. 10 PLS-DA scores of electronic nose sensor responses

for ASA with different degrees of stir-frying

0.8 - o R s
| ™ Q2 ’__,":'/'

R*=(0.0,-0.011 6)
02=(0.0, -0.269 0)

0 0.2 04 0.6 0.8 1.0
LEERE S

1 EHREEER
Fig. 11 Results of permutation test

7t PLS-DA #i8d, #IARHUA SH R2 N 0.862, Ry
4 0.649, TUMIRE I Z% 02 0.624, KT 0.5, &
BIFTEE 2 1) PLS-DA #A R Fe s HoYI Be /%%
If. B PLS-DA FEADE 50 b8 A7 A 5 S b i)

i

VIP[3]

32 B 2 20 72 3 2 2
5 B Z § B =2 B2 =2 B =
var ID (primary)
B 12 FARYPHEEET{CHFEEEEASMEE PLS-
DA 434 VIP {EE]

Fig. 12 VIP value chart of PLS-DA analysis of electronic
nose sensor responses for ASA with different degrees of stir-

frying

mn e HRAN I, I b B E S AT
HEN—K, HEEHER S RALX oK. Xt
PLS-DA BT 200 X B ks, O &L ME
FEoN—0.269, AR 0.05, FrA SR T HBoA K
JRUG T, ULZE AN A M ABLS . VIP {E
K, AEERAZAL AR T X 3 A RIS i B B
DURREOR, Wil 12 Fow, BLVIP>1 MR, AT %0
W3S, W5S. WIW. W2W. WIS. WIC {&/g s
AT BB A S AN [ D 2 B A 7 R () B LR 3R
2.3.7 AR NAE R IES AR K RERINAE
AT TN 4l DS TINI dl te sR T N G  NS R
SRR S 41, KA IBM SPSS Statistics 25 %X
PEEAT IEAS AR LS, 045 R R 15, BHEAR&
IEA SR
F 15 EAMRIE
Table 15 Tests of normality

e PRSI R- IR R B RGS-BUR S
git BmE BEM gut AdiE BEMH
WIC 0.168 50 0.001 0930 50  0.006
W5S 0438 50 0.000 0563 50  0.000
W3C  0.197 50 0.000 0.848 50  0.000
W6S  0.109 50 0.191 0932 50  0.007
W5C  0.126 50 0.046 0960 50  0.089
W28 0243 50 0.000 0.854 50  0.000
W3S 0.126 50 0.046 0947 50  0.027

THRFIRRE R IE,

* Lilley’s significance correction.

2.3.8  H AR TN

FIF SIMCA 14.1 BASFA

R L 5 A AT S BT, 34090 T A ik
96%, G5EIFE 16 NEFTTHI, WHIR R 10
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AFEA AT 2 ], SR =, 5T AT
eI RE 2 I 515 R, SE S AR
IO S A AE M BRI 22 58, TR AL 5
— 7T, WA REE UG BRE AT, BT AR
I RS AT SRS T7 7, MRS I 08 7 2 A
%, FHEEEAEIRH.

2.3.9 AMRbrHERENL BT HUE AR & ISR
AT BTSRRI 8 0 LB R i 7 A A A S B

SOHIA B ft IOHIE A PR S AR AR A
B, THREILXUN 90% S5, SR LE 17, A
o 1) R D A A % A B 1A SR ) AL A7 7 A
RER, JPHIA K S IOH]E b TR R WIC,
W35S A W3S Wk SAEA RS, K& a5
YO AT B E AR IEEE WSS WSC T W2S [ R
RAEANE S, %S ] g SE I A4 1) 8 R
AR RIR S B KR -

R16 TRMEIEZEECHFRITN
Table 16 Discriminant prediction of ASA with different degrees of stir-frying

il B/t A% A RAL R I RS HE R A RIS A R GRIIME<0)
A il 10 100 10 0 0 0 0 0
JE it 10 100 0 10 0 0 0 0
WHIAR L 10 80 0 8 2 0 0
WHBEFS 10 100 0 0 10 0 0
WHIKEM, 10 100 0 0 10 0
ARFN T 2/% 0 4 0 0 0 0
IS 50 96 10 10 8 12 10 0
17 TEPHEEESCREMM 90%EETEE
Table 17 Bilateral 90% reference range of odor of ASA with different degrees of stir-frying
&S B A A SO A B I JE IS &
wiC 0.493~0.567 0.858~0.966 0.728~0.760 0.709~0.719 0.687~0.716
W5S 1.329~1.563 1.311~1.544 1.847~2.140 2.426~2.693 17.401~19.004
Ww3C 1.013~1.034 1.013~1.034 1.015~1.020 1.019~1.021 1.012~1.036
W6S 0.990~1.021 0.983~0.997 1.002~1.008 1.002~1.004 0.996~1.030
W5C 0.586~0.698 0.924~0.993 0.813~0.863 0.812~0.837 0.768~0.807
W3S 0.997~1.047 0.994~1.021 1.083~1.093 1.034~1.050 0.990~1.068
W2s 2.250~3.072 0.869~1.010 1.228~1.307 1.241~1.243 1.621~1.732
3 e RRMA K. WHFRRRS), i e A

AHE TT N e SRS & 2 gt b
Jiid, JTREE BRI HIRE I RIE AR, B
AT RIS ] 2% 5 P R o B s SR R SR W, JF
IR RERE BORAE P 2 M) 7F 7C ) LT 7
W TE A KRR, AR S BRENS A X 0 Ay
RIS RE, B3 T IX S S 0 37 ) A A
M EAT B AR 2

(R o R e WV G A OER - ] Pt
BT, FEEIGHIREE RN, AR LYEZ
WA, T o MEAN pMES 2 BT S XA
FERD I R o R A I B AR B DIAR G . AERD )i
REFP AR INIK Y 2%, BRGNS, 2%
i FLXS S 2R ) SR AR, T SR i S 4.
PR A A IS, BT fE S 2 30N

FERD IR 2 A A P, A2 R RAT 2 B TR A
W, BEEIHIREEE MR, S5 A & g
FEA, oSBT e

R S W A A A R JBE B0 53— A By
fiko LS AR 1A L A A R B B AL e O AT
e WETURIL, BiA AL MhE WS (&S b i 3
fHfR5R, MREHEIDHIRE IR, RAE WSS,
WIW. W2W fL S i SR HIE K, XA HE
S AR I R R A R HE
Ko RE R, EAC AR A AR R K
L R EA L, AT — RAE RS
Yo, mmeSk. EASE. BRREE, XL SPIRRPSRA
EREE DRI AR A2, NITFES
WRIK AR 2], A HF FEAN TR ARAE 2728, 5 785~
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RELE o

A5 RCA #E TS MGt ik, &
F T AN R IE2S 70 A0 (R BE 7t BRI 4 £ 2
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M RCA A TPPHh AR & (Al AE M. BRI AR
MAET X EAR 7 LS ER B, A& T/ME
AR T, ABEGTDSAERAK, JCHRTERE
RERKE, NS HRGLR 7.

BRI BORAE Hp 24 M B A AR S R SR
Bz o AR R T M SOR H 7 SRR Ay
A Y HIFE B R R T . SRS EE VRN
JEML, EREEREREAREAZM. K. TEE
PERRSEAL AL, BES IR AR T4, AR 2t
LR PE RPN SR AL B IR 2 . YR AR 129300,

IR, AR FAAEAE—E R, B, W
FOREA B AN, AT BERZI Ge vt 23 A IR Aff 14 AN
AFEEE . LR, AHIE TR A AR L R EOR
FEE T AR GRS, FEAREA
D e o N O 295 s R O S 2 P =20 7 S e
KFERHALIR, S5 ZMRE A, 4 HPLC 1 GC-
MS %, DHPHGE S EA RIS HIFEE T Ktk
AT AR, DN A A I O A B A B A T VR
Wl HeAh, KRR RAAEA RS
FIFERE R 2GR0 22 4k, I B4 SE 56 AN R I
I6 00 FH 25 FRAE AR, s A AT A R S 2
BT AT SR 1
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