-840 - ¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3

- HHEHLE -
ETREHFEY-ANT-BETRERARBEANELEEE TZRHUREE
o]

am BTN 5

},]\ ;*,];1,2,3,4’ é{gbj{;@(‘ 1,2,3,4’ i ;%1,2,3,4’ ;’éﬁ'i& 1,2,3,4’ ]‘glﬂ}%'j‘? 1,2,3,4’ %{’w’}]i 1,2, 3,4*
1 R E Ry S TR, irh 4 030619

2. FRZGMEHL TE A B A IR, T % 030619

3. gl R AL RIS QLPE), (LT % 030619

4, BRI TAHE RS =E, (hv EH4 030619

W . B TIRAEREM L TS i oMt £ 1L charred Crataegi Fructus #8515 & KR 245 E4 (quality marker, Q-
Marker) HEAT 08T, PAZE S0 o tabs, SR T HOR S5 & R - N TS, A L] T2, FExd £ s M ai
JERIEEE. AR, BRIEHHT RN, HiE BSLALE HPLC 840 T £ T4 4047, Wr e BRI R 2 S
SR FH X 28 22 BEL A0 205 T 28 5 Bl o RV TR AL SR PR 88 A W e AR A LR AR b oK R A AR v, LA ik 381 1) 22 R P B
GIREE . SAE . SRR TR, FIF AHP-CRITIC 454 RBUERE & Fabr A AL E, 454 R 25 5 m R
%, Rk AR LR AR R S R B R E BORE A T AR LR A S AR AR, WO R ZE R
R FH HPLC FREURIE R 10 NMAIE, FHHA T 4 N F MRS, FAAECUESRT 0.9; H—BRAZT
Gt BB X A L S, 456925 Q-Marker “ TUR I K LR 2 BESE M 45 3, Tik B RER . 75 1 . St
TG 22 Wk N LA IO B R0 G B 2 710 Q-Marker; PL_EiA Q-Marker HH4R R . S0 R H A0 4 2 Bk TR AR L), DAk TE
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Absrtact: Objective To analyze the quality marker (Q-Marker) of charred Shanzha (Crataegi Fructus) before and after processing
based on fingerprint and multivariate statistical analysis, and guided by the differential components, optimize the processing technology
of charred Crataegi Fructus using thermal analysis technology combined with single factor-response surface methodology, while
quantitatively analyzing the color, odor, and taste before and after processing. Methods The HPLC fingerprint of charred Crataegi
Fructus was established and subjected to multivariate statistical analysis to identify differential components before and after processing.
Network pharmacology was further applied to preliminarily predict the potential action mechanisms of these differential components.
The pyrolysis characteristics of Crataegi Fructus powder were analyzed using thermal analysis, and the screened markers—chlorogenic
acid, hyperoside, and isoquercitrin—were selected as indicator compounds. The weights of these indicators were determined using the
AHP-CRITIC comprehensive weighting method. The optimal processing temperature and time were then optimized through single-
factor experiments and response surface methodology. Finally, electronic sensory technology was employed to quantitatively analyze
differences in color, odor, and taste between raw and charred Crataegi Fructus. Results The fingerprint of charred Crataegi Fructus
exhibited 10 common peaks, among which four major chemical components were identified. The similarity of all tested samples
exceeded 0.9. Multivariate statistical analysis effectively distinguished raw Crataegi Fructus from charred Crataegi Fructus. Based on
the “Five Principles” of traditional Chinese medicine Q-Marker and supported by network pharmacological analysis, chlorogenic acid,
rutin, isoquercitrin, and hyperoside were screened as Q-Marker reflecting the quality changes before and after processing. Using
chlorogenic acid, isoquercitrin, and hyperoside among these Q-Marker as indicator compounds, the optimal processing parameters for
charred Crataegi Fructus were optimized to 238 ‘C for 5.89 min. Electronic sensory evaluation revealed significant differences in
color, odor, and taste between raw and charred Crataegi Fructus. Multivariate analysis of electronic nose data identified 11 sensors
responding to compounds that serve as key indicators for discriminating between raw and processed products. Conclusion This study
screened out the different components in the processing of charred Crataegi Fructus, and used them as the key index to optimize the
processing technology of charred Crataegi Fructus, and determined the best processing technology. At the same time, the differences
in color, odor and taste of charred Crataegi Fructus before and after processing were accurately quantified, which provided a scientific
basis for the quality evaluation of charred Crataegi Fructus.

Key words: charred Crataegi Fructus; process optimization; quality marker (Q-Marker); thermal analysis technology; electronic
senses technology; color; odor; taste; fingerprint; multivariate statistical analysis; network pharmacology; chlorogenic acid; rutin;

isoquercitrin; hypericin; AHP-CRITIC comprehensive weighting method
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pinnatifida Bge. 54111 21 C. pinnatifida Bge. var. major
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100 g Z4JTREEDEMI ML, WL SR TRHARA
Al; GZX-9140MBE ZY LG K T14H, il id
ERIT AP B A IR A FI BRI 7 %) s HH-2 2
KEE, JCEEMEAUER AR AR YR-PTB Y
HAIR, Rl RAAGE] s ABL B RS2 Tk
YOEHL, LNV S PR A IR ST A R, MK
25L, ¥REHE=50g; FD-1-50 BUA VR THENL, db5t
R RRHE A IR A A .
1.2 A H

SHE ST (S 100080-202012, Jii &34k
91.6%)« Sk (HL5 111521-202310, Ji &40 %
94.9%). IR ('S5 110753-202119, FiEsr%
96.1%)+ St 2 E (HIL5 111809-202205, Jii &34k
96.3%) M H T E | AR e R BKa
M, #6°5 20220302, KA HUR AL AFIA IR 2 7 .

WS, PPHME R AR 1, By e AR
S TRk e FaR e, BEEN
AL B L B C. pinnatifida Bge. var.
major N. E. Br. [\ T sl R 52,

#1010 HAER AR EES
Table 1 Origin information of 10 batches of Crataegi

Fructus pieces

i L = I

S1 hvhiEhg 241201 JERE A H R AF
S2  hhiEh, 241202 JTERIE AR AT
S3  hhiEkg 241203 JTERIE AR AT

S4 WA 20240101 EZEWAERFTELAT

S5 i ZRIEYT 231101 RIK A2 A R A A
S6  WZRIEYT 241002 WA

S7 WZRIEYT 241103861 FEE 2B G FR A 7]

S8 LZRIEYT 20240802  MRAEE H A B A BR A
S9 wdbA&EE 241101 LRI Z AR A F

S10 thARIEIT 240301  FEREPZRAHRAF

2 FESH#R

2.1 Wi, £EWLEER A HPLC I8 EE R ENL
2.1.1 FELEROTH& SKH ABL RAIZ 6
Y2, $2HE b 24 8) 2025 AERR PO E I “0213
L@ )7 TN I I VE S i g5 S1~S10 (AL
AT RS, I AR LS XS B g 5 o8 J1~T10,
2.1.2 RENMEBERNH S RIERR .
. G2k, AT RLEE, BERE, BT
10 mL SR, I EE R e 2, i 2R
I3 BIREE R R 33.97 pg/mL. S & 28.53 pg/mL.
G 61.06 pg/mL. T 11.82 pg/mL HIVRE XS

RTS8
2.1.3  AHARER RS BULkm R 1 g GE=
S, MEME, BT 50 mL H#EIEH, A 20
mL HFEE, FRE & GBS (300 W, 25 C) 40 min,
A JE FRFRE i, HREAN 2RI &, $R 5T,
B EEI T, 0.22 pm FFLIEEES, & H.
2.1.4 A% AN Diamonsil Cis £ (250
mmX4.6 mm, 5pm); JiLsAH A LHE-0.1% H R /K
W, BEEEVENL: 0~10min, 5%~10%Z.fE; 10~30
min, 10%~20%ZFE; 30~50 min, 20%~25%Z.
fs ARFURE 1.0 mL/min; SEFEAF 10 pL; A
HK 330 nm: FEiEN 30 Co
2.1.5 REWEHEE O “2.1.37 U E
IR “2.1.47 TR el kRIS 6 Ik, LL3 5
g (SRR NSIRIE (), HHARIZILHIEM
X B T[] RSD<<1%, AHXTUEE T AR ) RSD<<2%,
SERRIZA NG Z S R AT
2.1.6 FREMEFEE B “2.1.37 TURNHR A,
S TFHIE T 04 44 84 12, 24h HERENE, A3 5
% (ZRERR) ASRIE (S), TR FILH G
Xof % B IS TR ) RSD<<1%, AH XA Y RSD<<2%.,
gE R AAEK A E 24 h WREME R IT,
2.1.7 EEMEHE L “2.1.37 TR EPATHI
% 6 IR TIA, HIR “2.1.47 TR B Skt
ITI5E, DL3 5 (GERE NSHIE (9, THE
13 30 S FA WA G ORI AT ) RSD<1%, AHXT &
AR RSD<2%, ZEiRRIZIEREE R
2.1.8  FRGUEITE G KARUEE VRN B L As AN
RO % 10 #b, 4218 “2.1.37 TR 77 &%
MR VAR, IR “2.1.47 TR Rk SRR 2
FIH “ R 2 it fe SUREFLEE RN REE 7, 5090] LA
S1. J1 SR B v S BN, EH 2 SIE
VEAN R AL B AR S T B R R B e s (A
Do ALY 14 NMIHE, ST H 10
A, HAWRE., S L R e T 10 MEE
W, I SIRA IS (B 2) (R R g
JEE BT, RN TRERE (3 5. FT (10
W), S (11508, BHEH (12 5108
4 ARGy . SRR (LR bR E TS, SR
g, EARRART, HESENEEF . E-
YRR, SR FEA PR e BB S g, DR
T NTTIE L R S MR . AU VRN &5 S W3R
2. 3. 10 fitA= h#E (S1~S10) & 10 #itA L (J1~
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Fig. 1 HPLC overlaid chromatograms of 10 batches of Crataegi Fructus slices (S1—S10) and 10 batches of charred Crataegi
Fructus slices (J1—J10) and reference fingerprints (SR, JR)

0 10 20 30 40 50
t/min
3-GRIERR: 10-75T 5 11-G228kH; 12-Mibk .

3-chlorogenic acid; 10-rutin; 11-hyperoside; 12-isoquercitrin.
B2 RAXNRRBIEN HPLC B
Fig.2 HPLC of mixed reference substances solution
JLO) FRE it PEI 1 55 0 s HE i 20 P O AR B RE 25 >
0.9, RYIFFEREHZERED, FEERE.
2.2 ELEWEHEIEIR Q-Marker BITHIE SHEIA
221 HEEHH A SPSS26.0, LL 10 A i

=2 10 BB ROVETFNER
Table 2 Similarity evaluation results of 10 batches of

Crataegi Fructus slices

ALK
SI_S2 S3 sS4 S5 S6 ST S8

95
S9  S10

St 1.000

S20.996 1.000

S30.967 0.980 1.000

S4 0.947 0.965 0.995 1.000

S5 0.925 0.948 0.990 0.996 1.000

S6 0.958 0.975 0.997 0.998 0.993 1.000

S7 0.972 0.985 0.997 0.991 0.985 0.995 1.000

S8 0.968 0.984 0.993 0.991 0.985 0.996 0.997 1.000

S9 0.985 0.975 0.928 0.897 0.871 0.916 0.939 0.935 1.000

S10 0.990 0.995 0.984 0.970 0.959 0.980 0.992 0.990 0.970 1.000
SR 0.989 0.996 0.991 0.980 0.968 0.988 0.995 0.993 0.965 0.998

5510 fb£E 1L AE HPLC Fi5 SCRIE 1 A Ui [ AU AR
i, PP IREFE R (squared Euclidean distance)
VEFEA (8] BE B 1 FE S b i, R P 2L TR) 0 420
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&3 10 ELERAEUEITNER
Table 3 Similarity evaluation results of 10 batches of

charred Crataegi Fructus slices

HATRARE

hoJ)2 13 J4 J5 Jo J7 18 ]9 JI0
J1 1.000
J20.993 1.000
J30.990 0.974 1.000
J40.973 0.989 0.957 1.000
J50.992 0.994 0.985 0.991 1.000
J6 0.970 0.984 0.960 0.993 0.990 1.000
J7 - 0.981 0.992 0.966 0.995 0.993 0.996 1.000
J8 0.987 0.996 0.971 0.995 0.994 0.992 0.998 1.000
19 0.948 0.908 0.957 0.856 0.910 0.850 0.873 0.887 1.000
J10 0.979 0.995 0.957 0.996 0.991 0.991 0.997 0.996 0.868 1.000
JR0.997 0.997 0.987 0.987 0.998 0.985 0.993 0.996 0.923 0.990

(between-groups linkage) 1FRERIFIERTTE, X 20
fEFE 5 AT RS 5K 2K 0 H1 Chierarchical cluster
analysis). KR RUIMPIRE IR, 4R WK 3. 2
PO RRAE B 25 I ARl SR LA Ry v 2 K
XK, R, LIRS R —
ZE 5, AT ARSI & i g g AN AR LU |
FE LS = F AT 512K

222 ERSTHT (principal component analysis,
PCA) DL 10 fitEE L@ AT /A HPLC REUA1E
R I A AR B, FIH SIMCA-P14.1 A,
#EAT PCA, PCA 1353 WLIE 4. &R EIR, LS
FE AT A PR, 78 32 0 2 8] A ) 0 A BH

T 77 BB ES
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Fig.3 Cluster analysis based on common peak area of
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Fig. 4 PCA score chart based on common peak area

Iy 2 K3, RYNEE A I AR A LA S AR
WA BEAT RN 7y, AR LA 2 M) 5 254 57 By 38
FIE—EES.

2.2.3 /D Z3eiE-H 5143 T (partial least squares-
discriminant analysis, PLS-DA)  EA 10 b1l @)
B SRS HPLC i S0 i AT I I AUy AR &
FIH SIMCA-P14.1 8, 247 PLS-DA & #r,
GURILIE 5, AR AIMERERE S R2v=0.897. R*y=
0.996; TMIAE ST 0 0.993, 4 F 3R ZI AL A Th
HEABROTNGE S, AT T A b R A Lk
FER X )

3
L
S1~S10

1.000 04*¢[1]
Es5 ETHHFIEERE PLS-DA 157E
Fig.5 PLS-DA score plot based on common peak area

K A8 & B E P 2 (variable importance
projection, VIP) {EXf HAL 22 i3 14T 73 A, VIP {H
KA GAZEER T R TR IEAHSS, L VIP>1
JRIEARAE, JLIRE H 6 AN 22 e 3 I FR AR LR .
XL VIP HRMKR IO 3 (SRR >
I 11 (E2ebht) >0 10 (BT >0 12 (Rl

=) > R>IE T, ZIRILKE 6.
224 WIAEMIHIRD S 2 AR R IR SN JE
Tl A A B B 2R A LR R AL &
AL AR, SR PLS-DA AR 1l 5T J A
BEAT RG0rHT. FF iR PLS-DA  VIP>1 )i
S5 R0, WIBHIE 6 D RAEMHI b8 2 7 bR &
YRSy o HE—2B 45 Q-Marker “ TR CRIiA: |
Re PR AR ATIIENE S ) DIBEAT 455
PP, SRBRAERR (g3, FT (E10). &

J1~J10

1.139 07*to[1]
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VIP[3]

3 1 12 10 8 7 14 1 4 9
var ID (primary)

6 HELEBEFIRIEERETHEIEIEEA PLS-DA
A 10 N EIEIER VIP &
Fig. 6 VIP values of 10 chromatographic peaks based on

common peak area in PLS-DA model before and after

charred Crataegi Fructus processing

ZeRRE (1D 55M R (g 12) tikigH)Em
W, WIERNZE YR AT JE 220 hT e
23 MEHEF S

94 T AR AT Ao A 2 1 2 1 e IR AR L
i, AHEFOR Bk 4 FPE RIS (BRI 7T
GWRE . R ED ILEAN L 2 A 5T .
2.3.1 LA MR S 2 S s BE AT
Swiss Target Prediction £ EFG R4k IR 7 T .
LR R 4 DR R A KRR
(I8 f5 28 Uniprot BiERHEIS, S FRIE NP FPXT
REFIEE A, MHBR IO E R A, B3R 4 A per it
NP ERE A I, ELATRIAEZE (probability, P)
H>0.5 AL FA, mE&HFRHE 178 MEEGEE
L, HTRZ0.
232 HUEREAMAOIEHMNSEE ARSI
HH-FHAMEAEH (protein-protein interaction,
PPD), AHIFFURF IRTIESRAT I 178 AN 25 WHE ri 2L A
N String & FEH#AT PPI 2001, JFHEAERTA
Cytoscape 3.7.1 ¥fF&xilE AAHBAEH ML, JHRe
W28 F b o AT o FEA T %) B 1 -2 A ELAR P Y 246
t, DAEEAH (degree) PRBLAE iR/ Rgith, LAERE
P4 (combined score) {H 2 I HIFHAH . 4% HE degree
fH>1 MIbRAETRIEAZ DR, SR ILE] 7, H, 28
[ {2 ARG S IR 7 (steroid receptor coactivator,
SRC). ZZFR/HEIRE TN 1 (serine/threonine-
protein kinase 1, Aktl). & BRI 2 (protein
tyrosine kinase 2, PTK2) J&¥3 FE T 748 1 (amyloid
precursor protein, APP). i{J# 5 53 (tumor protein
53, TP53). HHWM C B (protein kinase C B,
PRKCB). EH ¥ C & (protein kinase C §,
PRKCD). & B¢ A= K K752 44 (epidermal growth factor

e Lt A / X Qﬁ"ih’
LTS o S
PG itsvacpn R

&7 {ER%ES PPI MLEE
Fig. 7 PPI network diagram of action target

receptor, EGFR). B iGMLILEE-4,5- —BEIR 3-T ik
IEHE o (phosphatidylinositol-4,5-bisphosphate 3-
kinase catalytic subunit o, PIK3CA). #§JEMEILEE 3-
PRI T 2E 1 (phosphoinositide-3-kinase regulatory
subunit 1, PIK3R1) %O £

2.3.3 FEIAR (geneontology, GO) & & HT Al
FUERIE R AL R0 R4 5 (Kyoto encyclopedia of
genes and genomes, KEGG) Il /047 2T DAVID
s FEXT IR SRS 1 10 AMZLEE AT GO Thfg
TR KEGG i & 5701 - GO 70 it AEW I 72
AR Ry T IR 3 NEFE, RGuds THEA
MITNRERFE, L% e 96 KL EEEM GO % H
(P<<0.05). Firb, AEWdREAHRAH & 65 5%, H
PO FIIRe s 19 26 AR & 12 %, RiRESE
SR NE 8 Frn. (EAYIFETTH, A% O 3 2
Z5EARKAEIE. MRNESHSHE. RNA
REW 0N SRR IR RES; ERFEENE,
AR AR T A BERR AL . AU I SR A R
PEIE 25 DNA fifmsomeg, P bR gnfiiis
BifE. AN %-18 (interleukin-18, IL-18) 4
TS 5 PR A B T AR T R I B E A
FROE . AR i R, %O i E e AL
T 45 0 5 R VL EE 3-BUA§  ( phosphoinositide 3-
kinase, PI3K) EA TR AL 515 5 FHX
AR [N, FELRRIRIETT . S Al iR 5 . 40 i 25
Fyrh RELEERE, RIS S e s
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protein import into nucleus
intracellular signal transduction
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positive regulation of transcription by RNA polymerase 1T %
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apoptotic process
regulation of epithelial cell migration
IL-18-mediated signaling pathway

phosphatidylinositol 3-kinase complex
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membrane raft
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AL

focal adhesion
synaptic membrane
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protein tyrosine kinase activator activity

calcium, diacylglycerol-dependent serine/threonine kinase activator activity
diacylglycerol-dependent serine/threonine kinase activity
diacylglycerol-dependent, calcium-independent serine/threonine kinase activity

Iy TR

molecular function activator activity
protein serine/threonine kinase activity
protein heterodimerization activity
ephrin receptor binding

El8 GO Z&ENH
Fig. 8 GO enrichment analysis

MR MG L. 7> TIIREET, HLERARN
HH A 2 S o 25 e 0 IO T VE TR PR,
A4S Ephrin 26456 S E I RAEN, B
N R R L E IR/ TR R 22 5 H3T6
Wl SRy A VEBER A IS 1 . XD BRI R &
W B 8 A R 7 R UL 3 A 4B U AN AR 1 I B
AL RN o

H+ KEGG s & 80, JLEiE 112 565
EHEARBIES (P<0.05). & PEHIFHILEE, &
RJEIR T HEATT 20 HSRBRACHTERS (B 9. TRA
IR, LA T e 22 R R Ry R Bl LT
3 RIBB RV (D) MA@ &
5 ErbB {5 5 H . KRR . EGFR B2 IR
G Il TR EZap ek = N 7 R e i R S e B i N
Ji e 16 2% SRR AR TCC AR 1 (programmed cell
death ligand 1, PD-L1) Fi&S5EFHILT M4 1
(programmed death receptor 1, PD-1) 4 fi £y il
By (20 ARSI RS . IR A I R 3 S BB
MR AT I 8 A FFOIR IR A5 it (3D Rl 2
Pl AR KR AT A

KR IR, 178 MEAERE AT Aed s P [F]

TR R A L T R A A R )
FRLRE,  HEM TR SR R B RS, 48R 1
1) 486 2 )V AE AR B
234 HO-HEREER T MR RRFTURA
Cytoscape 3.7.1 B 70055 4 NEFRI 178
ANEE KU 20 SR CHRE R Y RO -4E R R B4R
R (B 1000 FT L2520 8, DALEY). 42
BEAMME S IEBIEE (degree) NifEMYE, &
B 2 v BE AR HE A T 7 S s VR A 5 25280
SKEESE S, 435128 EGFR. PIK3CA. PIK3R1. Aktl.
PRKCB. TP53. PTK2. BUfCiF 5% M, EGFR 1EA
5 P s R 2 A, 8 E A 5 3 — SRS
NS T K, CEAH MG G A R PR AR 02
PIK3CA/PIK3R1 H &AM NBEARBEALEE 3-3
My /R E Wl B/AIMEMRERLEA
(phosphoinositide 3-kinase/protein kinase B/mammalian
target of rapamycin pathway, PI3K/Akt/ mTOR) 17
SHZ O IE R T, HRADE pl10a fEALIEIE S
p85a YT L B A/ T 40 AR 5 A7 AR, Aktl
VEONZIBEE SRSy 1, I PR AR AN
B2 5 B HTRe T, PRKCB 1E 22 %K -


https://zhida.zhihu.com/search?content_id=253632588&content_type=Article&match_order=1&q=%E7%A3%B7%E8%84%82%E9%85%B0%E8%82%8C%E9%86%873-%E6%BF%80%E9%85%B6&zd_token=eyJhbGciOiJIUzI1NiIsInR5cCI6IkpXVCJ9.eyJpc3MiOiJ6aGlkYV9zZXJ2ZXIiLCJleHAiOjE3NjkzMTUwMzgsInEiOiLno7fohILphbDogozphoczLea_gOmFtiIsInpoaWRhX3NvdXJjZSI6ImVudGl0eSIsImNvbnRlbnRfaWQiOjI1MzYzMjU4OCwiY29udGVudF90eXBlIjoiQXJ0aWNsZSIsIm1hdGNoX29yZGVyIjoxLCJ6ZF90b2tlbiI6bnVsbH0.sylwCGnBXjgWwiqmxAT7xj8SvvGqmNlzzAxXqpBwtaU&zhida_source=entity
https://zhida.zhihu.com/search?content_id=253632588&content_type=Article&match_order=1&q=%E7%A3%B7%E8%84%82%E9%85%B0%E8%82%8C%E9%86%873-%E6%BF%80%E9%85%B6&zd_token=eyJhbGciOiJIUzI1NiIsInR5cCI6IkpXVCJ9.eyJpc3MiOiJ6aGlkYV9zZXJ2ZXIiLCJleHAiOjE3NjkzMTUwMzgsInEiOiLno7fohILphbDogozphoczLea_gOmFtiIsInpoaWRhX3NvdXJjZSI6ImVudGl0eSIsImNvbnRlbnRfaWQiOjI1MzYzMjU4OCwiY29udGVudF90eXBlIjoiQXJ0aWNsZSIsIm1hdGNoX29yZGVyIjoxLCJ6ZF90b2tlbiI6bnVsbH0.sylwCGnBXjgWwiqmxAT7xj8SvvGqmNlzzAxXqpBwtaU&zhida_source=entity
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9 KEGG ERBEOTSIAE
Fig. 9 Bubble diagram of KEGG enrichment pathway analysis

10
Fig. 10 “Component-target-pathway” network diagram
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TR SACHHEZR T EER2), 28 b, X 4 Pk
3 31T g LR M T S 22 S Ve 1 R B PR RO
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AR . TN A R S A SRR — 3, BT
FTFEEA B 2R A AT, ATy LA )
A A I Z 57 Q-Marker i L2655,

2.4 ETF Q-Marker h7ST W HILLIEARRERE 547
2401 HOPTFES PR HUE LSO AR
Jaid 3 S A, aaldleg 5 A SRR
K 70% 28 CERALEE 12 20) F 80 “CHI4REL 3
h, PR UERAZAET. MiEim)E, RAMRE- T
TR A b vk s JFL S B o 2 0 0 62.5%: B
WLERFE sl I 280K CRRRLE 12 200 AL 30
min J5&A TR IR R, KRR e 5
AR BG IR ED BN 72.56%; $R5TFE 5 LA
70%Z 8 CERREL 1:20) AR 30 min,
T 60 CIEIR/KEH FIFSEE 2h, JE, JEEES
UL, BRI, TR TRER], KA BHH L -
T 2 LU 0k I R 5T BT A B 65.68%; A
piER 70% 28 CERREL 12 15) 80 Clalii 4h )&,
JERE 5 EARTR 95% L BERE B VITE, A BO4ifh.
TR T IR 05SSR 2R - BV I e 22 4 I
BHHUN 63.34%; BER EYIREmAEIE (O E 25 H0)
2025 FRRPUFRIE N 2201 )% LSRR B, 2T
WA, BRIEFRE, T=50, &H.

242 FSPHTREIN A STA449-F5 AYFAE-Z=#4
ARG RO B S (BRAR-AR 4 0 D RER,
AR EN 60 mL/min, FHEEZRA 10 C/min, 7
SIBCE LS 2GR AR . IR RER . Ll S
PEE . A2 PRI . (SRR I . 1A
AHFRARE (20£5) mg /K351 43 8 T-H i,
FEBLAN A S 264 R AT BRI 9, AN
FIRIZE 600 C, FAFEETFAT 3 IREEK

243 SERLERGHT 53 BT &R S R
2 (B 11 AT, S5 RWER 4 Fios. Xftl
A LR AR MR E IR 1 T e, H R A 3 A4
WrBt, 9N 125.0~215.9 C. 215.9~256.7 C.
256.7~3652 C. £ 215.9~256.7 ‘Cif, 1 TG i
LR AR E N 11.03%, F454 DTG #iZk, 4
WLABAE 235.0 “CAHILBRSE Y 3.19%/min B #EHA
BB B BRI 25 B 5 UL R B A
FEFFEBFTIRAN AT R I, A VLR 1) 3 Bk
HIEHIIE 1982 'C, HIE 114.4~267.8 ‘CEM

HEIA 36.81%, 1X L% R T HTHATH L 1) G
Q-Marker £ Ji [ 75 S I8 B2 3 Bl P 1) 3 35 4 20 AR
o SubFERy, SRS IILE 154.2~251.7 'C3R

B B 2 B E (31.84% ), 2 BRI TH % 4 5 1
Q-Marker 22 Bk 1 A A B 17 75 1 I 52 Y L A T
FEAELEL 1 ) 3 At

ERERNZE, RER TP EOIh ZE S
WO, ARLEAHE RE AR AR G B S A &
B BT 2 ki 5 it 1, B = A& S
FA G, TEEEMITIRE DA A A, MR
FWG HAE R DIRFRIN TSN R B4, £
PEIREUIAE X ) (175.5~391.4 'C) AT &
FRE (55%) . BT IUIAE 115.9~253.6 CRIL
H B VR E (23.05%), Hfg KR EE R H BT
188.8 °C, 3SR/ 125 B Y el P4 A= B S A
R (1) AARAT T e 5 A L R ) S R R i S
PERIR R A G, HE-YImTae 2 5 R T Ml S
FEA I RIR BT - B HAITE 141.5~261.6 CHI R
TR HE H9E 31.76%, KR B I H I 227.0 C,
Ut BV PE R 7 CRLAE 870 B L A LR AN 5T 55D
TEBCIR PE X 0] N 3[R 2 5 3 OB TR H A ) 4
FRAT RERE IR T ZFiE Ve Lo IR AR B 1, it
— 5 B A 1) R A R AR A 2 B T R R AR A R
BET AR

ZRG PR RERE T CLBRAf, 215.9~256.7 C
e A AR LA SC B R R A R AR U B AR (1) A% 0
X E . ELCXTE N, FHERE B &R S
HOHEERIRE, XEEMERE T 4L G R
MR 553 () AR P o e B A () A A O X ) S22 AL+ B
R R, LA B P P AR A 5 M ) S T
M)V B 1RSSO B ARAHST . 2RI R E R
MIATBeDTER T A Lk BRI N R e A k. PRI,
BT AR AT R 07 S5 7 iR P X ) A
AT RBIERT, Fah 6 f LA J i) 55 18 R R R 1
5130bys HbR, WD e £ L 1 i I R
MEET 215.9~256.7 C.
2.5 HPLC ENEIEHRK 5
251 XTI AERAEIES ISR 2 PhE .
A FE IR S R, R ARE, I )
F AR 36.00 pg/mL. 422 Bk F 14.88 pg/mL. F
Wit F 7.56 pg/mL FITR A X R A
252 AHAMVERAEIE I 2137 TR 7,
BULAEM AR 1 g G =50, ¥ERE, BT 50mL
HEEH, Do\ 20 mL W, FROE TR fEH S (300
W. 25 C) 40min, &G FHIXFERE, HEE
R E, ), FEE EE, 0.22 um L
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AEIIFESRIY) TG-DTG Hh4k; B-AHLEGILHA) TG-DTG Mizk; C-3EILHY) TG-DTG Hh£:; D-ZHEHLHY) TG-DTG HhL; E-ERGHi)
TG-DTG Hik; F-EER 1) TG-DTG #h%k; G-FrAFEai TG #4; H-JrA MG DTG #Zk.

A-TG-DTG curve of raw Crataegi Fructus extract; B-TG-DTG curve of organic acid extract; C-TG-DTG curve of flavonoid extract; D-TG-DTG curve
of polysaccharide extract; E-TG-DTG curve of tannin extract; F-TG-DTG curve of alcohol extract; G-TG curve of all samples; H-DTG curve of all samples.

B 11 IHEREERBMA R

Fig. 11 Pyrolysis characteristic curves of Crataegi Fructus and its main active components



-850 - ¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3

x4 WHEBRAMRAEBAMRI AR ESH
Table 4 Pyrolysis characteristic parameters of raw

Crataegi Fructus and different effective components

Mass/ DTGmax/ AR

% (%min') JEE/C

FlkE FRAKE  ZE~1250C 814 182 69.3
TENMRNBL 125.0~2159°C 1665 281 1959
2159~256.7°C 11.03 319 2350

256.7~3652°C 3028 424 3073

FEERIRBEI B 365.2~600.0 C 3120 846  428.1
BANR THRAKNE  =RE~1144T 297 086 75.6
FHEMRN B 1144~2678°C 3681 385 1982
267.8~4062°C 2217 261 3074

W EIRPEM B 406.2~600.0 C 3435  7.55 4537

BIEE O TRIKNE  =RiE~1542T 492 022 56.4
FHEAMNB  1542~2517°C 3184 502 1879
251.7~399.0°C 2337 226 3073

EEIREM B 399.0~600.0 C 34.80 1446  456.0

ZHE THEEKNEB =E~1755C 801 145 88.7
FEMEMB 1755~3914°C 55.00 1251 2323
FEETIRBEI B 391.4~6000 C 2751  3.12  493.6

i TRAKMB ®E~1159T 3681 094 63.0
FENMRNBL 1159~253.6°C 23.05 3681 1888
253.6~407.9°C 3047 23.05  303.7

EEWIRBEM BL 407.9~600.0 C 492 3047  459.1
R TERAKNE  FHR~1415C 146 - -
TENMNE 1415~2616°C 3176 519 2270
261.6~3320°C 1503 268 3029

EEBIRBEM B 332.0~600.0 C 46.84 994 4371

e WRBE AR B

%

JEREERL, &

253 pE%fE Ak Diamonsil Cis £ (250
mmX4.6mm, 5um); MBIHHN ZE-0.1% F FR K%
W, BEEEYEML: 0~5min, 10%Z05; 5~15 min,
10%~20%Z.fif; 15~20 min, 20%Z.f%; 20~30
min, 20%~25%Z M AFURE 1.0 mL/min; iR
30 C, HUBHREIRGRIRIETT N 5625;
RFR 10 uL; AP K 327 nm.

254 LREMEHEE LR “2.5.17 TURNTEHIAT
TRA IR, ALK “2.5.27 Wi R4S S1 (it
5241201 (AR WLAE TR R b BT 45 £ LLAS 1 pit ki
W, A “2.5.37 DA PRI E, Rl
Rkl (B 12). gRER, SRR, S22k A
SR B R o B R AF, WETETAR,  HLOGHAD
T, RUNZERA RIFEENE.

255 BMERRFEHE FHEBI “2517 FRAEXS

A 1

[\S)

0 10 20 30
t/min
140 2-G 2 kir; 3-FAfitR .
1-chlorogenic acid; 2-hyperoside; 3-isoquercitrin.

12 RAXERME (A) 5£ULEHEHR (B) B HPLC
Fig. 12 HPLC of mixed reference substances (A) and

charred Crataegi Fructus sample (B)
I8 S 0.054 0.2 0.4, 0.6 0.8, 1.0. 1.2mL,
B ET 5 mL AREEI, 0 R A e
(300 W 25°C), 153 R4 )i 2K B A I i
Mo %M “2.5.37 TR GG S RdE RN, DA
A VAR ) SR PR FE DA bR (XD, DISKT I W THT AR A
PR (V), ZetilbrdErh £, HEATZMERE, 13 E1H
TR SEJERR Y=23 064.0 X—8 464.9, r=0.999 2,
LRV 1.80~43.20 pg/mL; & 2248k Y=17831.0
X—5617.7,r=0.999 1, &M 0.74~17.86 ug/mL;
Si T Y=18 503.0 X—3 445.0, r=0.999 2, %
PEYEFE 0.38~9.07 pg/mL; Z5HREH, FROMESR
ot S FE 0 Y Bk R R
2.5.6 FEEEELE REEWHL “2.5.17 BURNRAE R
MV, 1% “2.5.37 BT talk ok bl e, Lk
FE6 U, ICRERIR . S 22bh . Sk FrigimAn,
5 RSD 73BN 1.27%. 1.32%. 1.14%, 458K
AX A FE Rt
257 ROEMEES BUUwS 8 S1 AL (it
5241201 il R — B IR 53 AE 6 A
I fA) SEEATHERE (0. 2. 4. 8. 12. 24h) 20HF, id
SKERJRIR S22k e E T AR, 115 H RSD
IRIN 1.23% 1.62% 1.10%, 25 R R AR 5%
WAE 24 h AR EE R IT.
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258 HEEMHEH FREE—HX (s ST, ks
241201) A ikER R 6 1, 3% “2.5.27 iR J7i2
il 6 A B im0l ERE I E , e SR AR R IR
S BRE  FeA E E AR, R R & 4 HU
RSD 7514 1.87%- 1.76%- 1.85%, #5iRF %)y
FEEMERLT.

259 INFERISGCERE S SPFATREL 6 43[Rl —Hik
(Ja*5 S1, fit'5 241201 WAE LSRR, B0 0.5
g FEEME, WEMANGIER . S22k, 5k
TR S, 1R “2.5.27 TN 5 i
W, %R 2537 OUN R b Re e, T
N SRS YRS H IR S Y IV E s
A1 98.65%- 97.62%- 96.68%, RSD 43514 1.26%-
1.48%. 1.22%, 5 RFINZLIEINAE IR R 4T,
FFErsIaER

2.6 AHP-CRITIC ;£ EEZAFES

2.6.1 JZIR5r#ri% (analytic hierarchy process, AHP)
B e FRAR R 7 TR E R (wane)  IFE I
ORI S BRI A . FT 1
i i 2 1 Q-Marker, AW FUIRENSERER (CHHLER
KRB 2P Kt H GEliERE ER
S TR R AR . AR LA D £ A0 H
Pr—— Rk . 5T & 1L YVE ThROE R B )
Bk, i MBS hE R, HEA L
FRE & 5 B it BB A0S, SRIRIRIE L
IL-18 5@ S BN (Bl 8), MiEN—%ts
Frs G2 B 5 A B Eh R R4 PIBK/Akt T8 %
(E 10, HAZFfabr. Kt = FHEBEM LR (4
JEER > Fedfit et =S 22 Bk ), KA 1~9 FREEVEM
& AHP HIWERE (£ 5) P9, SRR, SR .
G2 RFF oane 5518 0.400. 0.300. 0.300, A
FHIEARA 3, —Ft: s (consistency ratio, CR) {H
N0 (<0.1), B —FHRLE, RHIZ o &
B

2.6.2 CRITIC VA E 8 b5 Lo % AL E R 2L

RS RS X LB S I RN E R
Table 5 Priority judgment matrix and weight coefficient of

paired comparison of indicator components

DL FI T

N
TR o aewr wwen O
Gy 1 1.333 1.333 0.400
G kE 0.75 1 1 0.300
SR 0.75 1 1 0.300

(owcrimic)  FFJEEPIEH 1) CRITIC & —Fh & MR
BUE, —FhZHRPRIRETTE . TR 3 1) & T
Iy B EAT FREA AL B, 25 TR 73 B A (= (I
1B — B /MED/(i R — S/ ME D) (R — D&
1B/ KAE — S/ MEDTE BR E AN, F RS AR EIbR
HEZFIAH G R e tRE (5 BB FREZE X (1 — 4
KEABOIHHE ocrmc.
2.6.3 AHP-CRITIC i&H5E R bR SR B R EL
(0 sa)  NURRBCETERIG B, Aotz H
AHP-CRITIC AT 2 AL X 4 T AL &
A . THHEARN o w4 = oaspjocrimici/Y @anpi
(OCRITICjj> (D AHPj A AHP JEFTSRUE K5 (OCRITICjj
A CRITIC VAFTSAEREL, i Y5 j 40 % NFebR i
HMIFEFR 12627, AR Lk o At B8 hn By 0 257
ARER, ERIEK 6. HE 6 WA, SEERM
CEOMNE R (0502), HIRAE 2k
(0.318) i feF €0.180), UiHALE T2 Ak 4R
JRER & B AR SR E VT I RN R N 2%
264 Zieitoiti WK ZHEREREEES
NE—VFNIRFRMEH T R2: L2, @5
PE4r (V) HERER. Y= wwmm XS ammt o swms X
S supirt o s XS swgro T, O wmms © s
@ sz 7P AR 6 HHIZREBUE 72 40€0.502.0.318.
0.180); S; & B & & AR HEALAE, Fl TH R4
g2 TT IR, ARSI E AR, SRERIZ i
B (8= Crnin/ ©)» & 22 B 5 7 i} R E 4 BiIE [m) 484
(8= C/Crmax) HEATARHEA (C FME H, Crnaxs Conin
I3 B NPT RE A AZ B B BOR S BIMED o BETES)
BEREAE A Jg 2 T 2 DS R

Fz6 I MNMEMBINEENERK

Table 6 Comprehensive weight coefficient of three

indicators
PEUFER WAHP (WCRITIC Wsa
R R IR 0.400 0.430 0.502
B2 S 0.300 0.364 0.318
e R T 0.300 0.206 0.180

27 BERER

271 PBHNRE BRI S 6y, B4 100 g,
BN, FEIRFE N 2204 230, 240, 250, 260 C
NS 8 min, HUHERE, RIS AT A
FZHR “2.5.37 WUR VEME SRR IR . S tkir. =
W R AP &, %I “2.6.37 T FHIER 0 sait i
ZEEVPIr. 13 240 CHEETEN B (KD
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2.7.2 BRSBTS 4y, BEY 100 g,
BISZHLN, (EIREN 240 C R HIKBH] 5. 64 7.
8. 9 min, HUH!ERRE, BN LMK T RES . 4%
MR “2.537 WUN MBI &, € o s it
B ay. 15 6 min 22 1R fem (£ 8).

x®7 WHEEER

Table 7 Investigation on frying temperature

I i R K (rgg ™) LREy
BC WIAR SAME REER Y
220 446.8 57.0 40.0 0.6220
230 381.7 37.1 274 0.516 0
240 200.7 35.6 24.0 0.7420
250 189.6 223 14.3 0.669 2
260 172.8 14.4 7.9 0.660 0

=8 bHIRtEEE

Table 8 Investigation on frying time

®9 MREEIREEITREER

Table 9 Response surface test design and results

FENEu(ueg") %A

gy B H/(ngg ™) LRy

[/min S5 G2 SR e
5 388.4 60.0 42.1 0.661 8
6 3374 61.2 455 0.7199
7 329.4 60.0 40.8 0.699 3
8 2185 419 23.6 0.690 4
9 173.0 17.2 8.6 0.6218

2.8 MIEEEEEELEREITZE

2.8.1 AR AE M| T2 AR A A e B
IR & s, FJH Design-Expert 8.0 B4, KH
AT (central combination design, CCD)
AT SERR T R 2L R R A, IR EUD
HIEE (XD AYSHIE (o) NEAE, HYmiD
KFIWEE 212, —1. 0. +1. +212, 4 CCD
BRI, BPEAE R T Bt sy DR s Bt )
MAEWRISE 13 MRS (GR 9). TE 25§
MUEHIE, USEERR . S201F. SR ESE
MLEEVE NRRAE (V) BT

282 fEliEm R i T2 R &
Design-Expert 8.0 & HI Xiv Xo 5 Y 2 TUTHE
N Y=93.44—5.03 X;—3.24 Xo—1.44 X;X>—10.38
X2—1327 X2, R2=0.9709. S ZENHNE 10, %4
P<0.05 NEZE. P<0.01 N EEI, AL
BAWEEN (P<0.0001), KIUFEERLEE (P=
0.3494), F IR FEO8 T 1Y SR E (X0
YOHITE] (X)) SEERER. 422 Wb RIS B
ZEEVE (V) BIRAR, SRR M) T2 wT DL

WEKIC Kmin e Gl BRI P
1 230.00(-1) 5.00(-1) 2773 332 299 0.764 3
2 250.00 (+1) 5.00 228.9 25.8 17.7  0.6615
3 230.00 7.00 (+1)  267.7 26.5 30.1  0.7411
4 250.00 7.00 188.9 12.7 9.1 05805
5 225.86 (-22) 6.00 (0) 297.8 48.6 259 0.7870
6 254.14 (+2'2) 6.00 233.6 29.4 19.1 0.6885
7 240.00 (0) 4,58 (-212) 283.4 37.0 257  0.7349
8 240.00 7.41 (+2'2) 194.4 9.1 16,5 0.6252
9 240.00 6.00 166.4 31.7 260 09265

10 240.00 6.00 174.0 32.8 266 09156

11 240.00 6.00 181.4 339 281 09159

12 240.00 6.00 168.2 344 257 09330

13 240.00 6.00 159.1 34.8 272  0.9809
F10 HESH

Table 10 Analysis of variance

FTERE CFHAM AHE BEM P PIH
i 2 049.49 5 409.90 46.700 0 <<0.000 1

Xi 202.71 1 20271 23.0900  0.0020
X 84.07 1 84.07 9.5800 0.0174
XX 8.35 1 835 09515 03618
X2 749.92 1 749.92  85.440 0 <C0.000 1
X2 1224.58 1 122458 139.5200 <<0.000 1
W7 61.44 7 8.78

FfRZE 3222 3 10.74 14700 0.3494
afiiR 7= 2922 4 731

MARZE 211093 12

A7 2 RS (10 70 BT RO TRI o AR 8 A2 8 22 1) > 1) i
FE Kb i a] 52 ELVE A 3D m s R (B 13D, 3K
PFA5 A L S AR M) T 20N IRy 238 °C,
KO ] 5.89 min, ZEATE A 90.30 43
9 WAL, SSLI0 ST AR R &
5t (0.580 5~0.980 9 43), RIL T IBHRE (X1)
e (X)) MHabs s & &R ERE W ]
W, T BARKIEE 4. 8 I T EiR KA 24
o AN, SRR, S 2MkF RN 4
PR 5 KRB R itk SEHSERER
i, HEMEMRZEEIED TR R, VPRSI
9~13 AiFEEMBX 5K, BEREE ML
HIE AR R R o A, SCREEE G SRR R A3 1) B P
fift, AFAF S FEbR LS I F Bl B A PR S
% 9~13 HEHE AT LA (240 C, 6 min)
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Xo/min

235 245
xXi/C

13 X1 F X2 32 B 4% A AR R 1
Fig. 13 Response surface plot of interaction between Xi
and Xz

HATI S IREF SN, HEEA VR RSD {HIUN
2.48%, RILEHAR T XKLL, ZMH T2 BA
RO ES M SioetE, 3P 7B BT i
B s AT SR
2.83 LZ24RIUE AR B h 1S R R4S
B, SEASERRERIE, KRR RS TR
YO 238 °C, KbHET ] 5.89 min (353 s), If
H#ET 3 WCPATIRIRIAE, B FYsEs N
0.9210 48 (GR 11D, Frf34s 5 mMEr I,
T LA S B T 2T,

£ AELBTERIFER

Table 11 Results of process validation for charred Crataegi

Fructus
R H(ngg™) ey RSD/
5 15
T hm ene pwgs wn 0y,

IRl 1824 352 25.5
k2 1885 358 26.6
M3 189.7 343 253

29 FURERELEHRE DT
2.9.1 FERLAOHIE ARIEDC AL A A AR L M ) T
SZH B HIIRE SO I R, FREBOE & A2 LR
Fr BEAT IO, ) e B LA

0.9339 09210 1.59
0.923 9
0.905 1

29.2 JiiEfEEEE Wm's S1 (S 241201 A1l
HEFER, PR, BPIREZNE 6 Ik, 4RER
BiEfae, SWNAER RSD BN T 2.0%, 45H%E
R 5 RN AG 2 B R AT o BR]—HEIR (G
5 S1, #t5 2412010 A AEFES 5 4, FHE S
IR, 45 R SREdE e, & SAE R RSD
BINTF 2.0%, FRIAIZS50 S M R L. BUE-—HK
AR (a5 S1, #ib'5 241200), AT 5.
PR 04 24 4. 8. 12h BEATHGI, 4588
RS E, HWRAEP) RSD ¥/hT 2.0%, R
T IERREE R
29.3 RS PR BEFIRE ST,
MEERUE, I 24 (O IERR BT Sk A BE AT
HREHATRS IR, MBI BTN R R . R H
B — PR AR SO R IEAGH AT IR . 0 10 AR
LR AR B A % 30 g RS 0. B R
10 g AR R, 950, BE- Pl TRES AL L
XIFE SR BEAT IO, A RIS H - IR R P B 20
L 2 i B A A AR 3 Wk, BCPIE,
RN 12, R, LR, HEE R
H, HEBNEE; RENFERILE, EE
e, st b RENE CREE, EEMmME,
FUEEE; Ea R B a2, HEEBK, Fit
Mk, MBS REN, L* Es' b MHEITER
s " BT, EEREAE R,
WG, WEEHETETR, mWaaEE LT, ae
Z R, RAEDNERE, 5RRME .
FIH Origin 2021 35 1 LR A= i S £ 1L A

F12 BFERNE 10 HHLERHEFIREEEER
Table 12 Determination of chromaticity of 10 batches of
raw Crataegi Fructus and processed products by electronic

eyes

BES L 4 b ES|RER L a b Ea'
SI  70.53 —16.14 42.82 84.07|J1 4572  0.31 39.52 60.44
S2 76.71 —42.14 52.32 101.97|12  37.59 —2.54 26.68 46.16
S3  73.64 —15.63 53.91 92.59|J3  29.88 —6.72 19.56 36.34
S4  76.83 —36.57 48.24 97.81|14  30.41 —0.11 22.88 38.06
S5 74.60 —39.49 48.64 97.42|J5 27.85 —6.03 21.73 35.84
S6  78.01 —45.43 56.17 106.32|J6  36.46  3.53 31.52 48.32
S7  78.09 —30.80 44.87 95.19|J7  28.64 —6.43 20.95 36.06
S8 73.28 —27.79 54.99 95.74|J8  40.54 —4.54 33.32 52.67
S9  81.61 —65.59 68.07 124.88[J9  32.58 —20.97 28.31 47.99
S10 71.41 —17.55 49.46 88.63|J10 30.57 —10.11 25.42 41.02
Bl 75.47 —33.71 51.95 98.46|H4MH 34.03 —5.36 26.99 44.29
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BE(EM PCA =45 0HT I (F 14), 251K H, 4
A AR R = 4= (a) rp B0 S5 1 2 1) 40
KW H PO RS E R

294 HWTESH BI04 LA (S1~S10)
J A (J1~J10), B S g FE& . RS2
SNSRI, SHEM G 13 kb, WEET
BRMESH BT 1208, SEAERA] 60, S
TR 1 L/mine 8§, 150045 B 2 B A e S AR &
THLL (L1.00. Ja, KEFEMPHEFRE T
AT E , Hd SR PTER e B, 45 R AR 13,
KH SIMCA 14.1 HAFXRE - S LA 5 FF b
FE AR B AT PCAL 4558 (I 15) &or, il
FEFI AR A R e B TS I b Tk, SR IAAE L
5 A LA ] SR IX BN S, PCA BERLTE X
FAT XA, RIS T 48 1) R 0 DA B v 12k o

T E— PR LU B ] ok L S
e AL AR OB, BT 2 S AR S, R
SIMCA 14.1 #AFxE B & AR 4T PLS-DA, 45
R 160 ZAE RARRERE IS4 R2x A Ry O3
A4 0.994 F10.950, TG 1245 0* N 0.924, %K
F 13 10 #HAEWLEFD 10 HELBER TS 18 IRIEREE LM E

Table 13 Response values of 18 sensors of electronic nose of 10 batches of raw Crataegi Fructus and 10 batches of charred

PC3 (1.4%)
(=)

<3 PC2(62%)

14 W% mRELSHRET R EE PCA ZH S HE
Fig. 14 PCA three-dimensional analysis diagram based on
chromaticity values of raw Crataegi Fructus and charred

Crataegi Fructus samples

Crataegi Fructus

e A5 i
Cl1 C2 C3 C4 C5 Co C7 C8 c9 Clo0 CIt C12 C13 Ci4 C15 Cl6 Cl17 CI8
S1 2275719923 1.0001 2.1874 2.5439 3.031 1 1.5012 1.7825 2.011 8 1.102 9 1.684 7 2.823 4 1.600 2 3.299 7 1.975 5 2.031 5 2.620 6 2.507 1
S2 23763 1.9876 1.0000 2.0828 2.4749 2.9328 1.4977 1.7792 1.955 6 1.108 4 1.706 0 2.758 4 1.598 8 3.1992 1.972 1 1.9922 2.593 5 2.479 2
S3 2.7869 1.9954 1.000 1 2.487 8 2.7733 3.2364 1.784 5 1.799 8 2.254 1 1.1142 1.8399 2.992 8 1.603 3 3.4933 1.978 2 2.2322 2.879 1 2.754 5
S4 2.82671.9917 1.0001 2.3835 2.681 8 3.1439 1.726 9 1.787 6 2.199 0 1.107 6 1.798 6 2.928 6 1.597 7 3.399 7 1.974 5 2.182 4 2.790 2 2.698 8
S5 2.55121.9893 1.0001 2.2856 2.590 1 3.0758 1.6229 1.790 3 2.138 7 1.103 2 1.758 6 2.8752 1.599 9 3.2954 1.973 4 2.106 4 2.695 7 2.592 1
S6 2.93451.9938 1.000 0 2.5651 2.879 8 3.3234 1.8178 1.798 7 2.318 9 1.116 7 1.893 1 3.044 5 1.605 2 3.594 5 1.979 8 2.296 7 2.978 9 2.874 3
S7 2.6987 19832 1.0001 2.43872.7287 3.1645 1.6714 1.789 8 2.2315 1.109 1 1.824 5 2.958 9 1.601 9 3.396 7 1.976 2 2.211 2 2.773 4 2.678 9
S8 2.86541.9905 1.0000 2.519 8 2.804 5 3.2763 1.7502 1.7934 2.2732 1.114 9 1.861 2 3.009 8 1.603 1 3.4934 1.977 7 2.264 5 2.872 1 2.759 8
S9 2.73451.9879 1.000 1 2.4854 2.7576 3.2057 1.705 8 1.788 9 2.2112 1.108 5 1.800 1 2.973 4 1.600 6 3.4256 1.9759 2.246 7 2.817 8 2.713 4
S10 2.9987 1.994 6 1.000 0 2.636 5 2.949 8 3.3923 1.847 8 1.7992 2.354 5 1.119 8 1.923 2 3.099 8 1.606 8 3.626 7 1.980 3 2.338 9 2.961 2 2.865 6
JI 1.64771.9893 1.0005 1.087 1 1.1744 1.138 9 1.498 5 1.7792 0.984 8 1.099 6 0.996 8 1.0719 1.5972 1.4944 1.9722 0.983 5 1.2939 1.305 6
J2° 15003 1.986 7 1.000 8 0.990 9 1.093 9 1.0559 1.4959 1.776 5 0.926 2 1.097 2 0.956 1 0.991 7 1.5958 1.396 4 1.969 1 0.921 8 1.2137 1.2215
J3 1.38751.9882 1.000 0 0.9723 1.025 8 0.984 2 1.4934 1.7778 0.8774 1.098 4 0.9321 0.9559 1.594 8 1.3253 1.9711 0.892 5 1.158 7 1.166 8
J4 1.0688 1.9916 1.0001 0.9629 0.9923 0.9753 1.4977 1.780 5 0.8512 1.101 9 0.883 7 0.9276 1.596 6 1.294 1 1.973 5 0.8773 1.1100 1.1232
J5 1166 8 1.9895 1.000 1 0.983 8 1.0322 0.990 1 1.494 2 1.778 1 0.898 5 1.096 5 0.903 1 0.946 4 1.5952 1.3497 1.9707 0.903 7 1.148 2 1.156 8
J6 12692 1.9909 1.0001 0.996 5 1.0593 1.0110 1.4924 1.7779 0.919 7 1.100 8 0.927 7 0.962 8 1.593 4 1.3754 1.9722 0.9237 1.170 7 1.181 0
J7 14532 1.9878 1.000 0 1.025 8 1.107 6 1.078 9 1.496 2 1.778 7 0.9525 1.097 2 0.968 7 1.003 4 1.596 4 1.4274 1.9715 0.958 7 1.2034 1.211 8
J8 1.32151.9893 1.0001 1.003 6 1.082 5 1.043 7 1.494 8 1.776 5 0.936 8 1.098 4 0.942 5 0.9879 1.594 8 1.394 5 1.9737 0.936 8 1.1692 1.177 4
J9 1.5128 1.9915 1.000 0 1.047 9 1.1293 1.100 5 1.497 2 1.7799 0.9757 1.101 3 0.983 4 1.028 7 1.597 6 1.452 8 1.9749 0.984 7 1.226 8 1.234 3
J10 1.4876 1.988 8 1.0001 1.0353 1.118 7 1.0892 1.4951 1.778 8 0.961 4 1.0979 0.978 9 1.014 5 1.5955 1.4387 1.9726 0.963 5 1.2119 1.219 6

Hdh

HHZ AR AR f ] R P 5 TR B 0 R UF . % PLS-DA
HEAT 200 38 XGAE (& 17), AMFTA 446 R4
A O [EBME T A M @ AR R gl , R® J

025 Y B 54359 0.097 7 F1—0.306, AT
SR T R e T AR H OB A R A T H AR G
4. M PLS-DA 54+ (K 16) A%, A llth. 4=
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Fig. 15 PCA cluster plot of Crataegi Fructus and charred

Crataegi Fructus based on sensory value of electronic nose
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Fig. 16 PLS-DA cluster plot of Crataegi Fructus and
charred Crataegi Fructus based on sensory value of

electronic nose
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Fig. 17 PLS-DA displacement test chart of Crataegi
Fructus and charred Crataegi Fructus based on sensory

value of electronic nose
LS 2 [H A BN R HIX 4, 1X5 PCA 4558 —3.
7F PLS-DA f#dr, L VIP>1 ([ 18) A
AR, TE 18 AMEESS (C1~C18) 1, C12. C6.
1.2

0.8

VIP[2]

0.4

0

NS IEE=8-83022805280
O O 0O U0 @] |ORN )] Q

var ID (primary)
E18 ETEFREREEMLE. £L4E VIP ESSE
Fig. 18 VIP values score plot of Crataegi Fructus and
charred Crataegi Fructus based on sensory value of

electronic nose

Cl4. C17. Cl16. ClI8. C5. Cll. C9. C4. C1 X
11 MERRSS VIP> 1, XSRS B N 46 &9
MSBEFAEREER (K13, 14, Bk, X114
FE AR AT AR A S50 A L LA 5 B A PR S R R A

R14 BTFEERFAMNHLEYER
Table 14 Compound information corresponding to

electronic nose sensor

R AR LR TEReHR

Cl Tk, Mz Cl0 &R, BEAMHE

2 BWEMR Cll kil —H i

a3 4K C12 With=. HHRE

C4 B C13 HHms

5 BREMR Cl4 Hg, B, M5%

Co RER CIS BRI, B, BR%
C7 JEEERRE. MR HRSE] cl6 RE

8 WA Cl7 AN, BE%

9 hik. BER. BIXE C18 HXE, . ZF%

29.5 HFEHT OFREC 10 LA L FEFE S 70 g, TN
A 8 fi5 &K, 1R 30 min J&, INAAERSEE 60 min,
JEit . JEEFUOMAENR I 45 min, & 5F 2 KIE
W, WRAEE RN 0.35 g/mL, 54 ILFEFE S
W W0 AE SR R ) 2 LR BGR, 1310 LA A
SR N BCEAE SRR 25 mL, RAHET &
PRk, REMPAES 120s, 1EWE30s, EEIE
3, ICESALRES (P1~P18) MIMARNA(E S1H, 45
B 15, FIA Origin 2021 AEky g 74 Lk S
£ 1A ) H - I AR G PCA B (1 19). M PCA
YR ETAS, PCL 5 PC2 MIETTHRRIES] T
99.40%, KB PCA B REME & 50T I dn £ d i3t
ITREYE LB, RS RS . 75 PCA BT, 4
L 5 4 LS 20 A1 RS B R IX 40 FF, R 38 kil
FRIE R AE BEAR L.
3 45

AW FE T SR SENE . ZIegti i S5 M
SRR, RS I H LA M ) A ) S
Q-Marker, Hf@EZRIEIR G22Phtr . Rt A
T RNFRMEH ZE R ORS . ST 5T LA
m P A EREMIK, AR T 2SR s
AR, FE R RETEAREENSER. &4
B 5 e Rz

I RE-ZERFS 98 (TG-DTG) IRAEMT
& Q-Marker FIFREAT N, K 215.9~256.7 C
RSB BRI X 0] SR R MV FLK
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15 10 HHAELAEFD 10 HAELAEER T 5 18 RIZRAR[ LR E
Table 15 Response values of 18 sensors of electronic tongue of 10 batches of raw Crataegi Fructus and 10 batches of charred

Crataegi Fructus

e B2 A
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 PIl P12 P13 P14 PIS Pl6 P17 PI8
S1 0.11170.1106 0.0194 0.101 1 0.100 6 0.012 9 0.082 9 0.082 9 0.013 6 0.086 7 0.085 9 0.015 0 0.102 9 0.080 6 0.056 0 0.049 5 0.041 2 0.038 7
S20.10470.1037 0.014 9 0.096 3 0.0957 0.0123 0.080 7 0.080 7 0.012 1 0.083 8 0.083 6 0.013 3 0.098 3 0.077 3 0.047 0 0.042 5 0.034 2 0.032 2
S30.1008 0.100 1 0.015 1 0.091 3 0.090 7 0.012 6 0.076 3 0.076 3 0.010 1 0.077 7 0.077 4 0.013 9 0.091 5 0.071 7 0.037 3 0.038 4 0.030 8 0.028 9
S4 0.1020 0.101 1 0.0152 0.091 8 0.0912 0.0121 0.077 7 0.077 6 0.0102 0.0772 0.076 1 0.013 5 0.093 8 0.073 0 0.033 5 0.037 1 0.030 3 0.028 4
S5 0.0985 0.097 8 0.015 8 0.090 3 0.089 6 0.0124 0.0772 0.077 1 0.0105 0.076 8 0.0752 0.016 1 0.091 2 0.070 9 0.030 1 0.036 0 0.029 8 0.028 4
S6 0.1056 0.1045 0.0162 0.094 7 0.094 1 0.0127 0.078 9 0.078 8 0.011 3 0.079 5 0.078 3 0.014 2 0.095 6 0.074 2 0.039 8 0.040 2 0.032 5 0.030 6
S7 0.1089 0.107 8 0.017 5 0.097 6 0.096 9 0.013 0 0.081 2 0.081 1 0.0125 0.082 1 0.081 0 0.014 8 0.099 4 0.076 5 0.043 2 0.043 7 0.0351 0.033 2
S8 0.10320.102 1 0.0155 0.092 5 0.0919 0.0122 0.077 3 0.077 2 0.010 8 0.078 3 0.077 1 0.013 7 0.092 7 0.072 4 0.035 6 0.038 9 0.0312 0.029 3
S9 0.11010.1090 0.018 3 0.1002 0.099 5 0.012 8 0.082 3 0.082 2 0.013 2 0.085 4 0.084 3 0.014 9 0.101 8 0.079 3 0.052 4 0.047 6 0.039 8 0.037 9
S10 0.1074 0.106 3 0.016 9 0.095 8 0.095 1 0.0125 0.079 8 0.079 7 0.011 7 0.080 9 0.079 8 0.014 4 0.097 2 0.0751 0.041 5 0.0423 0.033 8 0.031 9
JI 01710 0.168 4 0.0253 0.150 5 0.1504 0.018 6 0.1357 0.1353 0.026 2 0.140 3 0.128 6 0.0312 0.157 5 0.129 7 0.049 6 0.055 3 0.047 6 0.045 0
J2° 01677 0.1653 0.025 5 0.144 3 0.1443 0.0179 0.131 7 0.1312 0.025 5 0.134 3 0.123 9 0.030 0 0.152 4 0.124 9 0.048 4 0.055 1 0.047 4 0.044 7
J30.1616 0.158 7 0.024 6 0.137 6 0.1370 0.0172 0.129 3 0.128 6 0.024 4 0.126 5 0.116 6 0.031 4 0.1452 0.124 0 0.042 8 0.053 2 0.045 § 0.043 2
J40.15440.1517 0.023 0 0.1309 0.130 5 0.016 4 0.1227 0.1221 0.0232 0.1191 0.110 3 0.029 4 0.138 0 0.119 6 0.039 5 0.050 4 0.043 3 0.040 9
J5 01527 0.1499 0.022 9 0.127 7 0.1270 0.016 0 0.121 1 0.1204 0.022 7 0.1151 0.106 9 0.030 1 0.134 8 0.118 7 0.038 1 0.049 3 0.042 4 0.039 9
J6 0.1589 0.156 8 0.023 5 0.1342 0.1337 0.016 7 0.1259 0.1253 0.023 8 0.1224 0.1137 0.029 8 0.141 6 0.121 5 0.040 8 0.051 7 0.044 1 0.041 8
J7°0.1632 0.161 1 0.024 2 0.139 8 0.1393 0.0173 0.128 6 0.128 0 0.024 6 0.127 8 0.118 9 0.030 6 0.147 3 0.123 2 0.044 2 0.052 9 0.0453 0.042 9
J8 0.15540.1533 0.023 1 0.131 5 0.131 0 0.0162 0.123 4 0.1228 0.0234 0.117 6 0.108 8 0.0292 0.136 5 0.1179 0.038 9 0.049 8 0.042 7 0.040 4
]9 0.1675 0.1654 0.024 8 0.143 6 0.143 1 0.017 8 0.1312 0.130 6 0.0252 0.133 1 0.1228 0.0309 0.151 1 0.124 3 0.047 6 0.054 6 0.046 9 0.044 4
J10 0.161 8 0.1597 0.023°9 0.1382 0.1377 0.0171 0.1279 0.1273 0.024 3 0.1256 0.116 3 0.030 3 0.144 7 0.122 6 0.043 5 0.052 3 0.045 0 0.042 6
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Fig. 19 PCA cluster plot of electronic tongue data
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