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Abstract: Objective Optimize the best processing technology for Jiaocangzhu (deep-fried Atractylodis Rhizoma, dfAR), explore the
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correlation between its main active components and odor characteristics, and investigate its antioxidant activity before and after deep-
frying in vitro. Methods The effects of processing temperature and time on the quality of dfAR were investigated through multi-
index-response surface method in this manuscript. The contents of atractylodin, atractylenolide I, 5-hydroxymethylfurfural, B-
eucalyptol and tannin polyphenols, as well as the extraction yield (water extraction yield and alcohol extraction yield) were selected as
the evaluation indicators. The analytic hierarchy process (AHP) and CRITIC method were used to calculate the weight coefficients and
comprehensive scores. Electronic sensory techniques (electronic nose, electronic tongue, and electronic eye) were utilized to
discriminate dfAR samples with different degrees of processing. Correlation analysis and stepwise regression analysis were performed
based on the sensor response values and the content of intrinsic components to establish quantitative models between color, odor, and
the key chemical constituents. The dfAR was prepared according to the optimal processing parameters, and the antioxidant activities
of Cangzhu (Atractylodis Rhizoma, AR) before and after deep-frying were evaluated using both 1,1-diphenyl-2-picrylhydrazyl (DPPH)
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) assays. Results The optimal processing
parameters for dfAR were frying 8 min at 207 “C. Correlation analysis of active ingredient concentration and electronic sensory
techniques revealed that electronic nose sensors C10 and C15 had extremely significant positive correlations with atractylodin and
atractylenolide I (P < 0.01), electronic tongue sensors P1 and P3 had high significant positive correlation with tannins (P < 0.01), P6
had a high significant positive correlation with B-eudesmol (P < 0.01), electronic eye parameter b* and Ea" value had high significant
positive correlation with atractylenolide I (P < 0.01) and B-eudesmol (P < 0.01) respectively. Stepwise regression analysis indicated
that the contents of atractylodin, 5-hydroxymethylfurfural, atractylenolide I, B-eudesmol, and tannins could be predicted by external
characteristics with accuracies of 79.3%, 68.4%, 91.6%, 96.3%, and 86.0%, respectively. Antioxidant activity results in vitro (DPPH
and ABTS assays) demonstrated that the antioxidant capacity of dfAR was superior to that of raw one. Conclusion The electronic
sensory identification had good correlation with the main component content, and could be used to determine the optimal processing
method for dfAR. The constructed stepwise regression equation can quickly predict the changes in the content of internal components
based on the appearance characteristics parameters. Furthermore, the antioxidant capacity of dfAR was enhanced by comparing to the
raw one, providing a basis for the multi-dimensional evaluation of the quality of dfAR.

Key words: thermal analysis techniques; Atractylodis Rhizoma; response surface methodology; AHP-CRITIC comprehensive
weighting; electronic sensory techniques; antioxidant activity; atractylodin; atractylenolide I; 5-hydroxymethylfurfural; p-eucalyptol;
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AR A BHE Y R Atractylodes lancea S BR e g B,

(Thunb.) DC.B{JbL AR A. chinensis (DC.) Koidz. {1 T AT ERAIE — € B2 AR R SR 7
FRARZE, HAA MR, 2K EEE. B H DR, TR, AEFICSEY B SR . B RO
GARES “R”, BT (MREARZ), #51K E RO, g HOR FE AR RE S T
i, BCETERR AR (RFEALEE) — AR5 (thermogravimetric analysis, TG). Tl 75 #4 & 7 i
NERSEAR. BAREFEESH MG B-fert (derivative thermogravimetry analysis, DTG) LA %
B, BAREE, ROMHPRWMEARER. TARERE, LA A Hridk (differential thermal analysis, DTA). UT4E
KB RFBEH REN Y, BATFARIG  RIZIEHAZ A N T 24 M i) DA K % 8 S, 2
AREAVWTE mizsh. JrEbis. RdEayiEk WS S0, KIS 2 I T2
W, Somi g E R A SE R, SRS FEH T RO, RSLET TG P& DTG B AR
BRIRARE, (H 2R g, ) PR, & IR, e HOE e ] e T

Y NI RSkl e S S il NI - =S 31| N i 1 JZ IR M1 (analytic hierarchy process, AHP)
W, R T 27T H AT B O 82 SCiliiE, M EMIRBLE, BEEARYE Pk 545 i B 2R
A CLB— R a3 Al e bs, 240 1 M R o HATIRAL, CRITIC V% 2& — M IR, o] DLk 4
fRBERY (It ARER . p-Hm e ARk, ¥ NARZE R RIRZE, BRI 2 M5 s 45
U8 NNt LR == o =11 D s 5= 07 NI¢ ) = 2 1 G RN A AREAT R ZR ST, P45 & e ST DA
ZWBT T TAEH B SRR B, SR 0 WARZE. B-HMEE. HARNER I S HERRRE . 1=
FIWr, Gz ZMAETE . &R H] B M ARAE 2 B B LR G AR PR ILIE SRS AR i R A ) T
FEE AN T2 0 i, AR R Dgoesk, Kt 2, AEEARRERI A A R B S . B
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FREEHARE M TR EE. RREGEERNTT SERENN R 30g, HERE, BT HEHE

ARREROR, B4 Tz 31 A 24 17 H 4 1) 101,
e 24 AN 0 1) it B AN T R ) 4 v L 45 7 T
A S i F L IR E R E AR AR
(SR BERAR AT B A SRR FH XU 8 A V2
H5IHANTER) 5 FA U8 o> Z [T FHR A, N
LG AR “HRRIBIT” BRI S
1 UFES5HH
1.1 43R

STAA449-F5 R HEE - 22 R P A A%, A i
AR SR R AR s AX124ZH BYH 7R, 5t
WAy CEMD HIRAR; CYJ-600 B2 DiREbZ
B, R =200 g, FidE 8 BERHL N A R A A ;
Spectrophotometer 2458 7N A] UL G RETE,  BigESE
AR AR AT ; Agilent 1260 B = RO AH th i
1%, ZE[E Agilent A F]; c-Nose %4 Hi 1~ £ | Easytongue
BHFH. c-Eye B H IR, FgLRESOREAR R
AF].
1.2 Zait 55

AU, #5 220701, F=HIN S, W HELL
PETCAE A BR AR, P R 2R AR A AR
HR%E, HEFENFHERBEMILER 4
chinensis (DC.) Koidz. [f] T/ 25 XIS AR HR
(#t5 19724-S250302). p-#&HHHE (L5 14293),
R H5>98%, EIGREPHERRHERAR RS R
E]s R A SRR LERE (k'S MI8IS215282);
BETER ('S5 16715), FESEII>98%, i
BEHAEMRHAA R AR WS EARNER L fitS
WP23070706, J5i &5 40>98%, VU)I14& 4ty w44
FHEA R AR 2,2- 0K FE- 157 2L JJERE (1,1-diphenyl-
2-picryl-hydrazyl radical, DPPH, fit'5 C17099572);
2,2'- R - R (3- £ Bk 4 JF e e Wbk -6- T8 R ) — 4 26
[ 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, ABTS, fit*5 C14565258]1, Fi=
IIHIE>98%, g MR R B B IR A ]
Il Cilkal, REW GG RAR A A
B, Cilkal, REET AR AR AR A A .
2 HEEHER
2.1 BAREREAFEREEBIAE AT ITAR
2.1 GARASBARBHE RGO 200 g,
e, =500, F AR AR B AR A ok
K, %M
2.1.2 HEARFER BYKIHE B “2.1.17 BN

TR, FMEENREL 1220 (g/mL), I 90%H F%
J& % I8, R E, B (ThFR 250 W 4% 40 kHz)
AbFE 45 min, FH 90% FHEEAN R IR IR, BREA,
VeI, 1HUEW. JREIRYE, T, WREE, id0E, /P
A H R B .

2.1.3  WARIE T EEEALFE I Hl s AR
2120 g, FEEFRE, M 10 5EAKRE 1h, K&
ARAETETRIIE RO, FR5 2R, FIR4e
BT, SeHE0 (5250810 3) i
TR, BARREGR GO, KR IE TR (F
TEES AT A 11 3) TR, 2200
AR, GIFEERRIFRAZRT, H3IE TR
REHGRAL .

2.14 GARERMPEE S (PEZH) 2025
SRR R MBI T VR R ) AR . U AR R ok
KL 50 g, WEEWE, ETRKRIES, A 10 £5
K, MAEIRPEE B R M S B AN, A
J& Fl EP AR i, RIS

2.1.5  WARBLRFE M EIHS B ARA Sk K4
20g, FEEFRE, TN 10 f5E 70%LEH2 R 2 X,
PR 4R 2 JRARAR M DY 72—, InEA R AL AR 1R
R IR FE IS ) 4%, 300, F 50% A i
A, DR, RIS S AR .

2.1.6 HEFHESHT DB A(N2 D 0=4 1 1)
NEA, AR E 60 mL/min, THEEZ 10 °C/min,
FAFER I ES N (20£5) mg, HEIRTFE 600
Co MHMEARMA. FEZEY). E TR
FE i LA SR Rt 7 A A0L 23 A 264 R AT 4
fRFFVERT T, YRS ERENE 3 K. SR IE 1
M 1 Pim. 153.1~254.4 CNGARIE T ALK
FEARMI B, RE SRR 34.73%, DTG Mg+,
£ 201.4 "CHf, HILERFEA 6.01%/min FFK EHE
TG (DTGmax)s 119.6~247.8 “C N AIE KM
() 3 BRI B, RN 85.03%, DTG HiZH,
£ 206.6 CH, HIL5EFEA 16.75%/min {) DTGumaxs
173.8~252.3 “CONTEARER I F R BL, ik
#HK 22.05%, DTG HIZRTE 199.3 CHF, HI5RE
N 5.66%/min [ DT Guaxo 1 A F# A H 5 B
B EXTE 174.9~244.5 C, 5 T IE T BEEAL. %
R DA R A AR R A 3 AL X TR AT 1S H Uk
YO AR E R R T BRI &
ARIOHIH EZLH 28 T RSN, TS R
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Fig.1 TG (A) and DTG (B) curves of raw Atractylodis

Rhizoma and its primary active components

R1 BREBEHEFTZERSHRABIFESH
Table 1 Thermal pyrolysis characteristic parameters of

raw Atractylodis Rhizoma and its main components

M E DTGumax/

v TR kA T
B PRI B % (Vemin)

TAK K FRIAKM B BiE~1277°C 565 181
TENMH B 1749~2445°C 2414 9.67
2445~342.0 'C 2493  6.88
TEEKHB ZiE~1752C 1376 3.85
FEIRIN B 175.2~2554 C 29.76  8.94
EARIETESS TRIOKMBE El~1531TC 833 298
TEMMH B 153.1~2544 C 3473 601

EARERMES FERMN B 119.6~247.8 T 8503 16.75

EAREERE)

TR FRFAKH B BE~1270C 610  1.32

FEARN B 173.8~2523 C 2205 5.66
BARR TEAMH B 116.0~203.1 'C 2791 715
BRETH TEMRI B 178.9~248.6 'C 84.53  45.94

SRR EENAMNE 106.1~2144 C 9727 2107

Ve BAEAE T A U2, HORHE A0 DTG 1F
MR FE AR AR IR o SOHE DS AR ISR ) i AR IR

JE S FE 206.6~244.5 C.

22 BYRTHERENE

221 XEEERPES SARREARE 57
HHES RS . AR NEE I B-AeM BEE &, RBERE,
BT 5mL &iiH, FHFEMBEEZE, Bk R
HEIRE DB NTEARE 0.34 mg/mL. 5-F% FF L
0.96 mg/mL. FAARHES 10.48 mg/mL. B-F%HEE 0.16
mg/mL TR G0 R A VTR

222 HHSIEBR R G B AR R BL R M)
JERBEARY % 10g, BEE =50, D ARL
1 g, WE%rRE, BRI S, %A 25.00mL H
M, W2E, POERTE, @A 30 min, FHAFRE,
F AN R R BT B, $525), 12 000 r/min 550
(F0¥42 6.5 ecm) 15 min, HUEJEW, 0.45 pm 7%
FLUEMEE I, HUspem, RI1S.

223 @ik kAN Xselect CSHTM Cig £
(250 mmX 4.6 mm, 5 um); MBI N ZHE-0.1%5
BRIV, BRI : 0~5 min, 5%~10%Z.1E;

5~40 min, 10%~70%Z.fiE; 40~41 min, 70%~
75% . 41~45 min, 75%Z4E; 45~55 min,

75%~5%C. ;s R 30 Cs BEFEARFR 10 uLs A
B 208 nmo VRGO HE VA R R AR A VA TR T
HPLC KWL 2.

224 LMERFRFEHE WHURA X SERIEE,

B HAF BIFERE 24 104 204 40, 100 %, #%ME “2.2.3”7
TR G AT I E , DO IE i ot 23k B2 DA
br (X0, B NAALLR (V), 2flbrfEthsk, i3t
TR, BEIATE: HARE ¥Y=0.001 0 X+
0.0023, r=0.999, Z&M:JEHl 8.5~340.0 pg/mL; 5-
¥4 HILHERS Y=0.0012.X4+0.0008, r=0.999, k1%
Yu 9.6~960.0 pg/mL; FHARNAE I Y=0.001 8 X—
0.0002, r=0.999, Z&PEEHl 4.8~480.0 pg/mL; P-
¥ Y=0.004 1 X+0.004 7, r=0.998, Z&{:{ulE
16.0~160.0 pg/mL. H_Eik 100 £556 8 7R A I
VTR AR LUARRE , 23l ERE 3 A, DAE IR b 3
1 IS & o0 1 B IR FE R R, (L 10 0 1
& B R IR E B IR, 4iREARE. 557
FHOLREE . IR PIEE T, B-A% I A A I BR 43731 M
1.70. 2.50. 1.28. 2.14 pg/mL, E &R HIAN 5.67.
7.52. 3.89. 6.57 pg/mL.

2.2.5 FEEERLG B “2.2.17 TR IR AR
W, TGHR “2.2.37 TN EGE & MHHESHHEAENE 6 1K,
WHEACARE. SRS, OARNE T & B-#%
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1-5-F RS 2-FORKNBE [ 3-B-Hitie: 4-BAR.
1-5-hydroxymethylfurfural; 2-atractylenolide I; 3-B-eudesmol;
4-atractylodin.

E2 RBEMNBEER (A) FHEMEFR (B) B HPLC &
Fig.2 HPLC chromatograms of mixed references solution

(A) and sample solution (B)

U R AR 1 RSD B 737319 0.11%+0.45%+ 1.01%-
1.43%.

22.6 faEtills BEARW, %I 2227 i
TR SR, TR “2.2.37 TR a4
PR BIFERIAE)E 04 24 4. 64 12h HEREIIE, 5
BEARR. SRR, AARNEE T & -tz
VTR RSD {H 41318 1.98%. 0.39%- 2.21%-
2.32%.

227 HEEMRAE BEARRABAK 64, KEHRR
T, TEIR “2.2.27 TR Jvkml & AR A, K
M “2.2.37 DU 3l S5 R e, THEAAEARE.
S-FEH MRS . EOREE T J2 B-F e ot & 7 3T
RSD H 558 1.51% 0.99%. 1.60%-. 1.55%.
2.2.8  JNFEEISCRIRIE  HL “2.2.27 TR SR
WA 6, FEHERRE, /B THIRM,, 750l
HRIR R A % 1A 100%7K-TAS 2 A G AR R 5-#2
SRR . ARAEE T M B-Fe B e o, 42 IR
“2.2.37 TR Ak KRR E, MBEARE. 552

GBS NS b AR S A e R S Sl = Ee
FKO RN 96.21%- 104.70%- 97.34%- 103.05%, RSD
3 1.63%. 1.63% 1.73%. 1.89%.
23 BREENE
231 bRAEMIZERES SR (R EZ ) 2025
W DU ik £, BOE & TR IR IE &, R RR
JE, B 100 mL AR, MK/ IEMEZEZ
¥, W% R SmL, B 50mL EEEMF, KM
BEZIE, e, A BRE 72 0.05mg/mL);
Fs 2 BROSE AR 1.0 2.0 3.0. 4.0. 5.0 mL,
Sy E 25 mL AR RS, S BEEEASERE 1
mL, Rk 11, 100 9. 8. 7 mL, FH 29%#%
FREN IR RE R ZI B, #2250, 7CE 30min, FZHEE
HR-TT WAL, LE 760 nm i KA 52 WO
(A H, LhAERAARR (V), IR AR AR
(XD, LeflbruEdi 2R, FATLYERA, 1380 V=77
8 Y=82.760 X+0.0254, r=0.999, Z5HREHEE
TRRTE 0.002~0.010 mg/mL £k 15 & K.
2.3.2  HEHAS ARSI B HER R AR
&, MR =0, B R 0.5 g, REERRE,
BT 250 mL BRI, A 150 mL 21K EEE
R, HAE (ThER 250 WL 4% 40 kHz) 4LEE 10 min
JEIMMAZEEAK MR EZIRE, #e, B, #%
VIR, RSS20 20.00 mL, BT 100 mL
FREEIMRY, HARKMERZIEL, 5, &/,
233 AmEENE SR (PEZH) 2025 HAR
DU S Bl 52 792
234 AHERMHZMmEREINE S8 (hEZ
B 2025 AF R PU AN B ) 22 Ty 2 E i
235 BREEMITE BT HA R EESR
TE (BAasE=10RSE - AR EH SR
24 BAREHISEIE

SR (R E 2580 2025 SRR KA IR H A
TEVE T I RGRIE S RER IR I e v 4%, B
R¥AKR 2 g, HEHERRE, BT 100 mL FHERHH,
K 50 mL, %%, WERE, #E 1h)G,
R ERA B, A, JERFERH 1 he ik
Ala, BURNHER N, %%, FRREmE, HARRNE
BRI E, 125, ATRIEIRIET, W% EI0E
W 25mL, BFOH@REEERENZERLY, 7
Kt EZETJE, T 105 CTH#E3 h, BT TRt
A1 30 min, A HERRE R RS IER Y]
B IFEMIE (CLEER B ACHTERD .



PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

* 8167 »

25 FIBNERBRESTSTHHE

2.5.1 AHP FWAUE REH (wo) 115 AHP 2 —
PSR AT I7 15, AT AR R 5 2 50 W - 4R AR 1)
FENT B AL I8 SRR 7% . AHE AR bR
AR FEIEHERSY  JEH LLS I 32 3 8 4
LA AR, B&an T BN T . TREEN
(R EZG ) 2025 FFEROIE Rl 7y, BRI Ry FL A7)
1 BB B B s AR 3 B R o)
BHIRN 2 FA8he; B S-FRH . AARN
s 1 1N fE v] Res hn i sy BRI 5-FaH
MR & B %, YA 3 Zdabr: HEARNES
L34 4 HAehs, WRWBIIN 5 Bdabr. WPl
BARZ > B-F -l > 85 i = 5-F3 H L RR S > TR Y
fis 1>/KiR P15 =02 1325, FE PR
WAL TR wa, S5RBREARZ L B-FEHBE . BT
S-FR EILRERS . AARWES 1. KR SR DL R
WA ERR w R 2, EREMN— BT R
(consistency ratio, CR) =0.011 (/M 0.1) FHiZ%
T B LA — Bk

2.5.2 CRITIC LT H A MALE Z%(w)  CRITIC
A — Fod I PE AN F A < 1) B GE Bl 5 BE DL R i %
PERAFH S FEFR I wy, IR iE 22 B AR RIS
FEOmAE, PhoR I LA FR bR TR AR DG g B Al 4]
FEMAFEAR N AT Y= 06— Xmin)/(max—Xmin) 5
AR BRI o Y R PR HEAE, xi R
TN AL BRI E AR Xmin RN EFEARE/ME, Xmax 3R
NG TRbR R KNS . K bR EAL S BT N SPSS
AU TEL T AT 7 W A5 BIAH R wy, 45251
W% 2.

253 LSOWMEZRE (w) RESITESNTHE B
AHP %5 CRITIC i&#i € 1 &AUE REAHL &, 1F
How, BARARXA w=ww/E L ww, SRNEK 2,
FLLw i ANAI z=100X Y L wiy/maxx;, THHLZEE
W

*2 BIWESIEHENNERY
Table 2 Weighting coefficients calculated by various
weighting analysis methods

EFE*/]? Wi wj w
CRETE 0.33393  0.14976  0.342 81
B-Ag il 021800 0.15594  0.233 04
LZd5ign 0.13376  0.13251  0.121 51
S-PEHEMEBSE 013376 0.14213  0.13032
HARNEE &&= 0.08109 0.13614  0.07568
KEMRHYSER 004973 0.13945  0.047 54
MR MIEE 004973 0.14407  0.049 12

26 BERER

PO HIEREE S0 FE R R R, PLgRE
PEOE R EARhR AT LR R B 5L
2.6.1 IBHIREXN TLEA WA KA AHP-
CRITIC XA RIS HIEE T A P br 53 K iz H
IR AT LA VE S, BT AR IS SRS (A8 6
min, % ZXBHIRE A 2004 2104 220, 230, 240 C,
SRR ISR N 210 CH A . 45
RNk 3 fios.
2.6.2  JPHIET A TLEAVEA RIS SR AHP-
CRITIC XFAS[FIDHIIREE T AR FabR 7 2 H
MR BT SR AV, TBE 45 R B R R BE A
210 'C, HZISHIRTEN 2. 4. 64 8. 10min, &5
BRI G IS HI ] A 8 min 4RSI B . 45
Wk 4 oo
27 Z#HMEELERACERALERHTE
2,71 S SER 4G EIR BRI
4559, FIH Design Expert 13.0 A& O A S
(54 ¥t (central combination design, CCD) Ji
H, DIEEAREIRE (X)) FAHintE On) A%
RAR, LA NERNAE () AT,
EREGEARMEEMR T2, WEKTFSREET &
SR NEK 5. 53] 2 kZ e EHTTFE Y=0.791 6—

*®3 WHEBEENTEETIHEMN
Table 3 Effect of stir-frying temperature on comprehensive score
KL/ Jii 5 H/(mg-g ™) KRN EEEREY JRSN
C AR S-FHUERERE O AARNERL B-MMEE BR 1FE /% FE 1% et
200 5.155 0.625 1.437 6.711 5.695 61.250 27.030 0.707
210 4.752 3.783 1.711 5.547 6.138 70.320 40.110 0.790
220 4.232 4.129 1.154 5.227 7.820 65.160 49.230 0.777
230 3.842 7.837 0.929 5.017 4234 60.980 43.470 0.735
240 2.588 9.497 0.895 3.895 4.031 55.420 38.750 0.713




« 8168 « PED 202511 5 B56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22

x4 WHEEXNTEETI IR

Table 4 Effect of stir-frying time on comprehensive score

o Lal FiE 5 #U/(mgg™h) KIEWER LY BRIERLY PP
min GARR  SEEHILMERE O PORNERT MR B BE/% B Y%

2 5.305 0.054 1.300 7.818 8.117 60.250 17.240 0.753

5.018 0.159 1.487 7.237 9.115 76.160 19.080 0.787

4.997 0.887 0.925 6.491 7.433 62.350 28.350 0.774

4.937 4.129 0.825 5.602 7.525 56.280 35.240 0.886

10 4.590 5.021 0.801 5.484 5.695 52.070 27.330 0.853

#5 ERKFES CCD LWgITREE
Table 5 Factor level, CCD experimental design and results
FE X0 Yo/min : ‘ Dﬁ%ﬁiﬁ{(mg'g") IKEMER Y BE TR Y PP
AR S-FRTILMERE AARNEE L p-HHIE B %% FE/%

SI  224.14 (+2) 8(0) 1.7212 6.629 1 0.8244 32474 34022 47.250 31.040 0.652 4
S2 200 (-1) 6(-1) 4.2356 0.9825 1.3243 6.0664 5.6951 61.410 27.340 0.673 2
S3 210 (0) 8 4.0527 4.0033 1.0776  4.4309 7.5071 61.250 26.210 0.774 4
S4 19586 (—\2) 8 4.709 2 0.484 6 1.5944 58097 7.1188 66.990 21.410 0.729 0
S5 220 (+1) 6 3.3433 5.028 5 09365 47622 8.8200 65.320 27.390 0.745 6
S6 210 5.17 (—2) 4.1300 3.602 8 1.120 8 55541 42528 64.010 29.180 0.705 5
S7 210 8 4.0527 4.0033 1.0776  4.4309 7.5071 61.080 26.080 0.774 2
S8 210 8 4.146 3 4.0050 1.1225  4.4824 7.6256 59.350 28.430 0.784 9
S9 220 10 (+1) 22883 1.947 6 0.8698  3.7444 8.3577 45.430 31.070 0.633 6
S10 200 10 3.484 7 2.407 4 1.1688  3.8703 8.967 8 61.240 28.110 0.752 0
S11 210 8 4.089 6 4.008 4 1.1285 3.8752 7.8012 62.080 29.060 0.812 8
S12 210 10.83 (+2) 2.288 2 5.0209 0.9933 45518 9.7044 54.320 32.010 0.688 4
S13 210 8 4.056 6 4.1017 1.1174 43775 7.6824 61.330 26.640 0.783 5

0.019 1 X;—0.006 9 X,—0.047 6 X1.Xa—0.049 4 X;>—

0.046 1.X22, HHER 6 72253 Hral 1, #i44 P<<0.000 1

F IR 2R S NAE A R AR e, i P>

0.05 Ui A A RS BRI, &HEXT 7 Mdads
w6 HEDH

Table 6 Analysis of variance

WERIR FAM AmE ¥y F{E PHE
FETY 0.040 5 5 0.0081 30.56 0.000 1
Xi 0.002 9 1 0.0029 11.05 0.0127
X 0.000 4 1 0.0004 1.44 02694
XX 0.009 1 1 0.0091 34.19 0.0006
X2 0.0170 1 0.0170 64.09 0.000 1
X? 0.014 8 1 0.0148 5581 0.000 1
KAIT - 0.000 6 3 0.0002  0.60 0.6478
Bk 0.0019 7 0.000 3
4iiRZ  0.0013 4 0.000 3
M 0.042 4 12
R? 0.956 2
Rag? 0.9249

(1) 5 M Ly Ay Rt L S > bl e T), PR 3528 HAE
XX R (P<<0.01), 2 I X2, X2 ARG
% (P<0.01),

272 LAWK ISUE  FIH Design Expert 13.0 3K
PRI R 225 28 B VP 1) = 4k W T P 5 45 v
&, BRI 3. A ARG AR RS T 208
HREE 207.12 °C, KBRS TE] 7.96 min; 456 S Frfd
1E, RS T ZSEONPHREE 207 °C, Kbl
] 8 min. %M T 2T 3 HLIHE, 4553
WK 7. SEMHNLEETEY (0.829 00 fRZER/N
(RSD=1.90%).

2.8 HFRERERHEXMESH

2.8.1 ARG B EEAARSR I E B Rk B
T3 2 AN [F) AR B AR AR, e 3
g BT U3 mA, nes s Eaa s, 447
Hil4% 3 4y, HEEWE 3 W, BCEFE. HAPHdER
LI IE] 60's, TEVEHTTE] 1205, 1EEBSFESME Bink
8 Frre
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Xo/min

205 215
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B3 SEEMNTHEAITEFME =L EE R Fe%E

Fig. 3 Three-dimensional response surface plots and contour plots illustrating effects of various factors on comprehensive score

x7 ILZHIEER

Table 7 Results of process validation

B [/ Fi 5 B (mg g ™) KEMREY  EEER Y PN
min GAREK  SFHEERE O ARABRL B-MMEE BN BE % /% e
1 42220 39210 1.2257 4.350 8 7.528 6 61.250.0 28.4200 0.797 8
2 4.186 5 3.963 0 1.2124 4.246 9 7.5293 60.040.0 27.360 0 0.7973

42011 3.906 0 1.224 1 42576 7.476 2 62.270 0 28.600 0 0.800 1
78 CNose-18 BB T EERFEE MR
Table 8 Main response substances of CNose-18 electronic nose sensor

fLikas T EA R LKA T EAH S fLIRAs T EAH R
Cl ke 5548 C7 FEEbRI . R RS C13 (R7 T IIGEN
C2 EE R C8 B Cl4 Hige, B, M%EE
C3 AR C9 beke, BEI. EAKSE C15 TR, K, B
C4 k&Y C10 AR AR Cl6 frifb s
Cs SRIMIR Cl1 Feke. —SEMBREE C17 2R
C6 FRERR R CI12 WAL, B CI8 HOK, M. LRESE

282 WMo HEAWMAMEKMES T KA SPSS
Statistics 27 % Chiplot 7E£8 0 T i f-% “2.7” TR
FARHIRE R R B8 (R 5) KAMAE A
AR ED T, S5 ILEK o FIE 4, SR ER, BA
5 Cl1. C8 LK C15 2 EFHIEMK (P<0.05), 5
C10 BB E IEAHR(P<0.01); 5- 2 IR 5 C1.
C7 R EZEMMR (P<0.05); ARANEET S C1. C2.
C8 LLJ Cl6 2 B3 IEAMHE (P<<0.05), 5 C10. CI15
EEE B (P<0.01); B-##HEES Cl1. C2.
C7~C10, C16 2 EFEIEMK (P<0.05), 5 CI15 £
W3 IEAHDE (P<<0.01); #8548 C4. C5.
Cll. C12. C17 2EFEHMMAK (P<0.05).

2.8.3  EASEE] S IEARIE PN E  BUEE AR
JHIFEE R AR 1g, BT 100 mL FOHEZIE A+ 0
A 50mL £ B 7K, #7A 30min /5, 4500 r/min

B (B0FEARE 6.5cm) 10 min, HUEWR 30 mLUel,
BB ESHRK, REME] 1205, iEBERE 30
s, CRARIEENESE.

284 Mo HWRIERIM S KA SPSS
Statistics 27 FRAFXF “2.77 TT &MU ARE S 0 o 7
M RTE (AR R A B O DGR T, 25 SR LR 10
ME S, SR BN, BARFEE P3PS RREFFAMEX
(P<<0.05), 5-F2 MRS S P4 2 W3 IEAHR (P<
0.05), B-FZMiELS P6 2L E IEAHE (P<0.01),
5 Pl. P3 EAEEIEMHR (P<0.01), 5 P5
ERFTEMERX (P<0.05).

2.8.5 AR SRR G EE NN E BUEEARA
FMHFR B RO, B TR, RHERE)E,
IR L GERED. o (LG 0E). b GEif
FED) AH S RO E Ea M
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Table 9 Maximum response values of 18 electronic nose sensors to differently processed deep-fried Atractylodis Rhizoma
NI
i
Cl C2 C3 C4 CS C6 C7 C8 ¢ Cio C1ir cC12 C13 cCi4 Cis Cle C17 Cl18
S1 3.6460 2.4170 1.008 6 2.1455 2.1455 2.393 1 1.400 6 1.718 5 2.861 2 1.1229 1.5756 1.938 6 1.489 3 3.092 4 2.398 3 2.140 3 2.400 7 2.543 1
S2 22820 1.768 6 1.006 6 1.6112 1.6667 1.9422 1.2340 1.4127 2.000 1 1.082 8 1.271 5 1.460 7 1.2955 2.514 1 1.8184 1.5738 1.778 1 2.074 7
S3 1.8237 1.508 8 1.006 1 1.562 3 1.764 1 2.2976 1.207 6 1.3327 1.659 8 1.071 9 1.2482 1.4428 1.3776 3.188 1 1.5749 1.4155 1.727 8 2.362 1
S4 1.8237 1.508 8 1.006 1 1.562 3 1.764 1 2.2976 1.207 6 1.3327 1.659 8 1.071 9 1.2482 1.442 8 1.3776 3.188 1 1.5749 1.4155 1.727 8 2.362 1
S5 1.026 6 1.069 5 1.000 7 1.1294 1.354 7 1.8950 1.117 6 1.159 8 1.084 5 1.0457 1.056 8 1.109 1 1.2655 2.6879 1.151 0 1.000 0 1.260 6 2.009 5
S6  2.0340 1.6537 1.008 6 1.6595 1.8374 2.3622 1.2164 1.3844 1.8792 1.0714 1.3003 1.613 1 1.442 5 3.313 1 1.602 6 1.550 6 1.992 0 2.608 4
S7 1.58271.2901 1.0004 1.3613 1.5343 1.8864 1.1913 1.320 8 1.4758 1.081 8 1.234 1 1.364 7 1.408 3 2.408 2 1.287 7 1.308 7 1.516 5 1.966 2
S8 1.3189 1.1819 1.0002 1.201 0 1.386 8 1.7395 1.1278 1.1990 1.2303 1.0712 1.095 8 1.192 8 1.2947 2.1909 1.1940 1.198 1 1.391 1 1.817 4
S9 1.3040 1.163 6 0.999 8 1.1025 1.2372 1.5462 1.1042 1.161 1 1.201 2 1.074 6 1.059 1 1.065 1 1.1929 1.9497 1.184 0 1.120 1 1.194 3 1.586 6
S10 1.4272 12994 1.0026 1.2351 1.4019 1.736 7 1.123 5 1.212 1 1.3374 1.0572 1.158 6 1.2392 1.293 5 2.1572 1.3022 1.3343 1.4892 1.809 3
S11 1.7504 1.498 8 1.006 3 1.404 6 1.5111 1.9233 1.1770 1.2970 1.660 9 1.0554 1.1842 1.3105 1.3002 2.6113 1.5150 1.326 1 1.617 § 2.1299
S12 1.058 6 1.0527 1.0024 1.093 6 1.3379 1.944 1 1.118 1 1.158 4 1.091 3 1.039 8 1.073 5 1.0851 1.268 1 2.8209 1.121 0 0.993 6 1.219 1 2.005 7
S13 1.1943 1.242 6 1.008 5 1.650 5 2.0553 2.9256 1.1359 1.196 6 1.2799 1.0492 1.2177 1.578 4 1.5473 4.084 0 1.1352 1.2632 1.9752 3.124 8
c1 | 1o 2.9 FEEARIIRMEREANERTHZE L RIS
o 05 9T 5 IR AR SRR S P E e 4
g‘s‘ | -0 MR R, HE— PR TR BT E TR
o Boos  HIMARHE9 R, BOME R ONEAER, R SPSS
g; Statistics 27 A B AR EHEAT ILAAMER K, KK
o KT (VIF) >10 FARREATHER, #EATZD RIH
i | SMHT, HORENH R AR A R L2 R2>0.4 I 3
gg ANEIEAILA R B . R 11 a5, 5 Fhaesr ) R?
Cl4 #1>0.6, KRR S-FP IR AARNEE 1.
6 | B-A M R R 3 BITE 79.3%+68.4%491.6%-96.3%-
8; 86.0%MIFEFE I B i b AR R I it o 3B 25 |1
. . - s IS SR A S HOLE 12, 13, 5 FhIR
5 z T = & SRR G L (P<0.05), Ui AR,
= 5 = MR, BT HASELE S ETE (£ 14), o
N A T AT 5 RIS R, FI7E— e LA
p< o}_)05 Oh(fp < 501;0 .Soa.lt;lelfsl Z:gufelj; and 6. WA
. 210 BARRETARIEILEE ARSI
4IRS S S ERE o o e
Fig. 4 Heatmap of index components and odor values 2.10.1 FERCHRI TR AE TR

(1) ABTS {5FERZFME : 225 IR TR N

2.8.6 R 5 EFEEMAMECHES T FEX &1
HIAE ot PR 48 B B 2 2 B € AL PR A8 A s 35 T Ak
MM, SR WE 10 MK 6. 4558 8xR, AR
WS TS5 LME. E, HEEZEMX (P<0.05), 5
bH B EE AL (P<0.01); B-HHEES LHHE.
bHH BB EAR (P<0.05), 5 Eu 62k 5% IE
K (P<0.0D); BiYS «MEERFIEMEL (P<
0.05).

e, 23 MIFEEC 7 mmol/L ABTS V47K 5 2.45 mmol/L
M ARERAR S 10 mL VR2S), BEGHEE 12~16 h,

73 ABTS AR T 95% & BERRE A H I
HREEIEF] 0.704+0.02. HX 0.4 mL 4% & M, F 95%
L HARONER 1. 2. 4. 8. 16 1%, 4K
WS ABTS TARBIZAARALE 11 1 IRG RGN
10 min 5T 734 nm F & HBOCEEN 41 EiR
JiA H 95% B 5 1R AR R I s AR R VR A
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®10 AEMEFIREEEEARERTEERSE (P1~P6). BTFIRAIRANIMIE

Table 10 Maximum response values of differently processed deep-fried Atractylodis Rhizoma measured by electronic tongue

sensors (P1—P6) and electronic eyes

AR
75 : : : ;
P1 P2 P3 P4 P5 P6 L a b Eab
S1 0.5145 04659 05096 03103 03888 03310 589125 33475 393408  71.1477
S2 0.5343 04856 05062 03275 03958 03378 650933 23308 42.0470 77.7363
S3 0.5394 04697 05406 03267 04038 02657 63.8361 —24560  42.086 1 76.558 8
S4 0.5290 04745 05355 03484 03940 03222 69.6303 59926 41.0350 812400
S5 0.5465 04669 05594 03555 04148 03199 534513 25371 34.407 3 63.695 7
S6 0.5336 04688  0.5378 03401 03915 03122 61.0638 52118  36.5508 718135
S7 0.5330 04659 05364 03385 03922 03115 51.0373 29877 345455 61.8446
S8 0.5363 04658  0.5373 03366 03934 03108 503366  —3.3423 32429 1 60.073 4
S9 0.5493 04767  0.5583 03706 04130 03352 57.7793  —-2.6573 344145 673707
S10 0.5495 04727 05562 03684 04132 03314 513308 —2.4855 314023 60.322 4
S11 0.5537 04716  0.5623 0.353 1 04224 03144 57.1030 —0.7446 379821 68.626 5
S12 0.5569 04730  0.569 1 03609 04198 03054 40.1478 —5.6520 17.1515 442076
S13 0.532 1 04377 05278 03521 0.3992 02878 415110 59085 184373 459225
1.0
. [ 0.5
Lt
-0
I—M
4
b* 1
Eu'

L4/

=i
B

BARE |
5-FRHIHE
SENBID
Bt

5 fEFRRT SREERE

Fig. 5 Heatmap of index components and taste values
EWOEEEER A2, 95% L5 ABTS AR R4
TRAMEBOCEEAEA A3, ~FATIE 6 X, FiR W&
15, BEAE TR RASEUR 3G n Hoxs T+ ABTS HH
BB E S, AR R S5 EEARE
RIMARRASECA 1 A5, X B R RTERRZE 250
(97.440%0.784) %. (97.150£1.033) %, MFiEfs
By 8 ELLS 16 50, FEGARIER M H S
B ez i T AR AR

HHEERE=1—1—42)/4;

(2) DPPH iERRZFME: 275 CERITIEN R N

w0 =g oz B 0=
< g 20 £ ¥
-

v o [c=N

El6 BT SBEERE
Fig. 6 Heatmap of index components and colorimetric

values
2Bl BUAS [F) R R A R M\ SRR 0.1
mmol/L DPPH ¥, #)% /¥ 30 min J5F 517 nm
AR5 HWR BN Aro EIRTTH T 95% B8 5
PR RIS RRIR A T AN 42, 95% 4,
fi# 5 DPPH ¥l S AAFIR A M e WIE FEE N 45, ~F
FTIRE 6 R, S5H WA 15, BEEIE R IMFRB S EUN
hn, AR KETARYE R MNTT DPPH H B2 1)
BRI IBHETEG, UL |5, X+ 3 h
FIFERR N (100.930+1.712)%- (100.010+0.831)%,
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x 11 AERFREEEEARIMRERERERTHIES
HEER
Table 11 Regression analysis results of appearance
characteristics and internal constituents of deep-fried

Atractylodis Rhizoma with different processing degrees

F13 ARMEFIREEESARINERERERSBEYAF
BiasH
Table 13 Fitting parameters of regression equations for
appearance characteristics and internal constituents of

deep-fried Atractylodis Rhizoma with different processing

Ay R R EER MM degrees
GAREK 0.891 0.793 0.752 0.459 8 PN _— JebrifEtl  prifEfk
S-FRHIELERE  0.827 0.684  0.620 1.048 0 Y E¥
HAR BRI 0.957 0916 0.900 0.062 6 TARE W —45.898 —-5.707 0.000
B-Fig - 0.982 0963 0.945 0.199 7 S10 30.607 0.706  4.810 0.001
¥R 0.927 0.860 0.813 0.7859 P2 35780 0421  2.869 0.017
s . . X SRR IR W E 6.269 4319 0.002
%12 FEHEEESAMMERSERSOEES o e
g S15  —6.119 —1.303 —4.394 0.001
1 } } 2. .02
Table 12 Analysis of regression variance between . S ’; 3.757 0.773 606 0.026
. . . . H AR P ERT WE —9.563 -8.729  0.000
appearance traits and internal constituents of deep-fried
N o . S10 8279  0.892  9.552 0.000
Atractylodis Rhizoma with different processing degrees
P2 3.883 0213  2.286 0.045
= P, - -
Ry L L P2 N L B-kizI B 20350 ~6.063 0.000
TBARE M 8112  4.056 19.178 0.001 315 6726 2856 6.627 0.000
WA 20150211 P6 27543 0.647  8.084 0.000
it 10.227 S ~5.465 —4.446 —6.235 0.000
SELFILEERE |9 23734 11.867 10.803  0.003 38 12.171 2199 4317 0.003
Pz 10985 1.098 YR HE 21975 3339 0.009
Bt 34719 a' 0436 0395 3.017 0.015
FA ST EIH 0429 0215 54717 0.000 P 113.022 1211 5533 0.000
WZE - 0.039 0.004 P4 —88.049 —0.848 —3.894 0.004
it 0.469 - L - .
BRI HH 8414 2103 52700 0.000 F= 14 FENEFIFEEETSRINMEIRERER S ZE LAY
- &3 . . . . .
W 0319 0.040 o E.’Ti . .
it 8733 Table 14 Fitting of stepwise regression equations for
875 IEI P 34.111 11370 18.409 0.000 appearance characteristics and internal constituents of
8 . 5.559 0.618 ’ ’ deep-fried Atractylodis Rhizoma with different processing
Bit 39.670 degrees
S Lo N . N D% %5 A T FE
LFBEEET 4 (05, AERERIMIE B 49 8981 30.607 S10+ 35780 P
(SRS T T e A B G S L8 SRR Y=6.269—6.119 S15+3.757 S17
2.10.2  KIEBEAIPTEALRE IR 22 SRy VRS 1A P T Y=-9.563+8.279 S10-+3.883 P2
il 2 AR MAET ARG, B &S 4= B-Fi i Y=-20.350-+6.726 S15427.543 P6—
25 mg/mL FUSEECR, W H LR BER R i R 1) 5.465 S1+12.171 S8
1. 2. 4. 8. 16 %, ¥R Y=-21.975+0.436 a"+113.022 P3—
(1) ABTS 3EFRmlsE: R, I Fikj7ik 88.049 P4
HEATHED, 25 3R 16, 3 e

(2) DPPH iEkg#lE: [F3H, %8 EdRyiE
BTN, 25K 16. FEEMBEEIEM, &
R K AEEARBKIEHXT T ABTS 1 DPPH [Hi4A b
R IR, HAEGARKIERMIUEMRE Jm T4
TR,

CAREEESHHERIME. FFmE. BOImk
HK. ARV LBEF R ATy, i il
Fommz, JEHINEEE ARG T A BB i oy 5 R
(T AR S & BT s, W SR RS . R
i T R S5 R o A SIEIE ARSI 08 ) AR U 2
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®15 BAREBARELMIT ABTS. DPPH HEHBEE
FAER (Xts,n=6)
Table 15 Concentration-dependent scavenging activity
trends of volatile oils from Atractylodes Rhizoma and deep-
fried Atractylodes Rhizoma on ABTS and DPPH free

radicals (X +s,n=26)

v Tk B/ Y%
e .
155 ABTS DPPH

AR BRI R 1 97.440+0.784  100.930+1.712
2 92230+2.752 99.160+0.854

4 77.860+0.403 90.940+1.466

8  60.65010.424 75310+ 1.618

16  52.02042.637 56.870+2.092

BERELM 1

97.150+1.033
92.450+0.820
78.820+1.042

100.010£0.831

99.060+0.948
95.620+0.685™

73.860+2.762"  85.930+0.862""

16  69.350+2.469"  64.0604+2.951*"
5 R B T AREERILE: "P<0.05 P<0.01; % 16 [,
*P<0.05 "P<0.01 vs volatile oil of Atractylodis Rhizoma with the same

dilution ratio; same as table 16.

F16 BRREBAKIERX ABTS. DPPH HIEHEE
FRAER (X£s,n=6)

Table 16 Concentration-dependent scavenging activity
trends of water extract from Atractylodes Rhizoma and
deep-fried Atractylodes Rhizoma on ABTS and DPPH free
radicals (Xt s, n=6)

v TikE HEBRR/%
FE b .
R4 ABTS DPPH

HEBARIKIRI 1 71.9904+2.773  41.010%+3.320
2 62310+2.176  33.540+1.093

4 39.820+2.005 26.490+1.055

8  28440+1.576  16.950%2.280

16 15.880+1.006  14.870+0.605

73.870+1.804"
65.030+1.172"
54.710%+2.002"
37.650+1.657"
31.31040.084"

HEEAKIRBE 1 102.230£1.033™
2 98.640+0.752™

4 92210+1.431

8  80.660+1.637"

16  57.120%1.782"

Ko M EEARIEER Y (GARK. ARAEE
o S-FRIRRmE . 85 DAL A AR 3 B IR R
(B-Hcit i) o204 Dy g A M) T ZHIPFO FE AR
X A AR M ) T2 LAk LA K P A R R 4 )
HAHERE L.

SKIGHEET R BEARNER YT IR A
TEARBIRNE T W AR 23T 0,

W H o P HlR BV, R RERYS AHP-
CRITIC #ATLRE VR, RN A R NGB, A
IR 37 FH vie) S8 T 0 B AR I M) T 2 AT 04k, i
TWERPLA L (P<0.01, KPLI>0.05), & FFEXS
T 7 PR AR S0 T gt B > b TE], G
T EZRBMETCRRERE, HAFEECRT
AR HIEE SIAY 207 C. 8 min.

“HERR I AR )RR R,
BRI I W 2O AR (B AR
KANBLRASWR) SR 5t & L 5121, Jal s i
035 SR A2 S W 245 5 DA M R ) o AR
2, M AR VR 34K 5 52 31 3 MA 56 1 PR 1,
I ARHE 7038 1 F 7 BCE AR 2 R N E AL
B 5 AN IRAE SG B 22241, ARSI B T i IR
AR (P& & TR, oA FEEH R
FEEEARR. k. OZRFENE TR EE
IEARRESRISR. . BRERERE, 58K
(R RO AT RO AT, AH DG4 SR o A
B-timt iy LT W2 IR ARG, 3R B BE S M R R 1
TR o ) AR o PRI L 70 3 T S B B
o, R, XRS5 1S BRI ) 2
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