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Abstract: Objective Through multidimensional dynamic correlation analysis of the “appearance, nature, odor, and texture” during
the processing of Mifuzhigiao (honey bran-fried Aurantii Fructus, hbAF), the multidimensional characterization variation patterns
during the processing of hbAF were explored. Methods Headspace-gas chromatography-mass spectrometry (HS-GC-MS) and HPLC
were employed to identify and analyze the volatile components, drying ingredients and effective ingredients of Chinese herbal
decoction pieces. Intelligent sensory technologies such as colorimeters, high-resolution cameras, texture analyzers, and electronic noses
were combined with methods including principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis
(OPLS-DA) to evaluate indicators of the herbal decoction pieces, such as color, texture, and odor, and convert these indicators into
objective and quantitative characterization information. Pearson correlation analysis combined with the Mantel test was used to analyze
the relationships between key quality parameters of the “external characteristics-internal components” of the herbal decoction pieces.
Results The study found that the color of the herbal decoction pieces at the optimal processing time (100—125 s) was consistent with
the results of experience-based identification by traditional senior herbal processing technicians, with the color parameters showing a”
5.05—5.50, " 38.01—39.25, and a moderate texture (65.15—69.06 N). During herbal processing, volatile components undergo phased
evolution, with their characteristic odors gradually changing from fruity and baking aromas to a scorched aroma. Quantitative
component analysis indicates that drying ingredients are significantly reduced after processing, while the components responsible for
the “regulating vital energy and eliminating flatulence” effect have relatively higher contents at the properly processing stage, which
corroborate the processing theory of “reducing dryness and enhancing efficacy”. Pearson correlation analysis showed that the external
quality indicators of the samples, such as color and texture, were significantly correlated with the contents of components including
Through the

comprehensive analysis of objective characteristics such as the “appearance, nature, odor, and texture” of the samples, the law of quality

1,3,8-menthatriene, (+)-a-magnolene, 7y-magnolene, and 3,5,6,7,8,3',4"-heptemthoxyflavone. Conclusion

changes of hbAF throughout the entire processing process can be preliminarily evaluated, which provides a reference for the rapid
identification of the processing degree and quality control of hbAF.

Key words: Aurantii Fructus; Zhangbang; processing degree; intelligent sensory technologies; color; texture; odor; Pearson correlation
analysis; Mantel test; reducing dryness and enhancing efficacy; regulating vital energy and eliminating flatulence; 1,3,8-menthatriene;

(+)-a-magnolene; y-magnolene; 3,5,6,7,8,3",4-heptemthoxyflavone
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Fig. 1 Samples and powders of honey bran-fried Aurantii Fructus (hbAF) at different processing times
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x1 TEHETEERHEHHE (X+s,n=3)
Table 1 Color characteristics of samples with different processing times (X + s, n =3)
IO [6)/s R G B H N I
0 161.80+1.79 143.534+1.93 92.56+2.61 1.5340.00 0.3040.01 132.63+2.07
25 162.39+£2.48 142.11+2.97" 84.32+2.35™" 1.54+0.00""  0.35+0.01™" 129.60£2.58
50 162.66£0.39 138.88+0.38""  77.36+1.17" 1.54+0.00""  0.39+0.01™" 126.30+0.48™
75 158.09t1.61 13424+ 171" 71.13£1.52" 1.54+0.00""  0.41+0.00"" 121.15+1.61""
100 150.32+3.48" 122.55+2.67"  60.69+2.19™ 1.544+0.00""  0.4540.01"" 111.19+2.56™
125 149.34+1.08" 119.27+1.48™  56.63+1.53™ 1.544+0.00""  0.484+0.01"" 108.41+1.14™
150 145.11£3.06™ 111.76 £3.34™  51.78+2.18™ 1.544+0.00""  0.50+0.01""" 102.89+2.86™"
175 140.91+3.40" 106.48+3.83""  48.10+1.61™ 1.54+0.00""  0.51£0.01™" 98.50+2.80""
200 119.63+2.56"" 84.62+2.05""  42.2740.88""" 1.54+0.00""  0.4940.00"" 82.17+1.83"""
5l 0s FER LR "P<0.05 TP<<0.01 ""P<<0.001; £ 2. 4. 8 [,

*P<0.05 "P<0.01
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P <0.001 vs fried 0 s sample; Same as tables 2, 4, 8.
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Table 2 Change in hardness and colorimetric values of sample powders with different processing degrees (X + s, n=3)

P 4] I} 8] /s L a* b* E'w T 5 /N

0 76.10+2.01 10.54+0.51 39.80+1.80 86.5310.98 90.50+4.80

25 85.84+1.14** 4324022 38.4440.51 94.16+0.86*" 87.3413.62
50 85.1943.52*** 3.9940.19" 38.0720.50 93.3942.98*** 76.61 £2.60**
75 88.13+0.78"* 428+0.13** 37.84+0.60" 96.00+0.50"" 71.88+0.84"
100 87.00+1.25" 5.3340.20" 38.55+0.35 95.31+1.26™ 67.39+1.53"
125 88.60+0.44™ 5.2240.26" 38.71£0.86 96.83+0.17"* 66.82+2.46™
150 84.51+1.01**" 6.3720.38" 44.82+1.20" 95.874+0.41* 49.05+2.13"
175 76.57+0.74 14314031 49.99+0.51" 92.554+0.44* 42.67+5.03"
200 53.83+1.51*" 30.61+0.61%*" 55.394+1.78" 83.0820.60"* 33.98+1.34

3 TREHEZEEZHFRENEENEESEETLE
Table 3 Colorimetric values and hardness reference

ranges for hbAF at different processing degrees

FEIEK95% B f5 X ]

AREE — @ b B /N

A 71.11~81.10 9.29~11.80 35.33~44.27 78.58~102.42
JHI A K 84.61~88.16 4.02~4.37 37.71~38.53 73.06~84.16
JHE A 86.53~89.07 5.05~5.50 38.01~39.25 65.15~69.06
JH Kt 82.26~61.01 8.86~25.33 46.44~53.69 36.42~47.38

23 ETRAMNEIRA Bt
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36R PRET TN B AN il I 1] S ZRAR T Bt o ik
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30%, 2 JCIE R TEITBIRR Y 2 50 BEMFEARIIGE 3 X

P2
2.3.2 YOS AT I TR R AN e

J LIS AR 2 B o Wi AR5 AN R il i



* 2048 »

PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

A S ZRARTERE b A 28R, A SPSS 27.0 #k
fF, L 95%NEEKE, HTHEE LI E S
B, SRR 3. SR SR, A Kb ) 5,
FATE AR B ST L B F R kA s, b A
vin Bl B2 50 Rl R LA 65.15~69.06 N
N3t BRSPS 5 b ] IS T R SC R
KM SIMCA 14.1 #AFBEAT E 50708 (principal
component analysis, PCA), Z5RILE 2. A5
A S R BRGSO R I, AN
OIS 1) LA R AE A RS PE BT X 7y, R
SRR RERAE B ST EHIRE S .
® O0s
b 25s
A 50s
75s
100 s
125s
PY + ® 150s

+ 175s
* 200s

-
»
L |

4 2 0 2 4
t[1]
R21]1=0.940 0 R%*{2]=0.0603 Ellipse: Hotelling’s T2 (95%)

2 FREIMHIFE S ZERRIRAERE PCA
Fig. 2 PCA diagram of hardness for hbAF at different
processing time points

24 ETHETENSKSH

241 KA BOL=STHARERBR 0.6 2, %
AN 40 mL 78 TS, o %5 i, SIREE.
HLF- Sk 28 R 10 mL, AR R 0.6 L/min
TEVEITTE] 180 s, KLU IA] 120 s, &4 f-TATHE
5K, BCOFEIE.

242 AWRCRESSHT KA Origin 2021 #AEXT
AR TE S M AT RERE dh 1 E i RAE AT A
e URE RIS, SR 3. 14 RIS

S14 I S2

0s

25s

50s

75s

94— 100s
—4— 1255
85 —— 1505
—— 1755
—— 200s

S9 S7
S8

B3 TRk HIRTE R E RN T SRR BT

Fig.3 Changes in odor response values for hbAF at

different processing time points

(S1~S14) XJ&HF S R AN, A ) 22 57
T EARIAEALKAE S1. S2. S4. S5. S9. S12, H
FEGNEWR. KA TIEE. w3, Rk, AN
B, mER Sy, HA ST ARL R 2 Hoe RIE
Ky HRAERA AT Sk —D R £ AR
FEAN [FVH I 2 TR RSO 2 S A, o R Ak
AR RAE AT LR, B ER 4. b, AR
# ST Hyma N AR B R, Hm NAEECR, T
HG TR AR O & B, 7l e S8
FE S SR ZE 5 P AL . AR R I B 0 )
i8] A 100~125s H, S1. S2. S4. S5. S9. SI2
6 MG IR B NAE S HT 5 kDI A ) 2 K
T 0.1, UL HEN, Mk FEd, HEHEGEY. &
AMNEY . IR TIEEE. migk, PRk, AAE. W
R RS AT AN T B2 e

2.5 ET HS-GC-MS BIIE & 1%L 5245

251 S REEARE 2.0 g A, BT TS
W, BEERKE TFME E, BRI a5

T4 FRMEHEEHRGANETFEERERB[MEME (X£5,n=3)

Table 4 Electronic nose differential sensor response values of sample powders with different processing degrees (X £s,n=3)

1 B 1) /s S1 S2 S4 S5 S9 S12
0 2.25+0.29 0.96+0.15 0.83+0.15 0.83+0.12"** 0.88+0.10""* 0.94+0.18
25 1.78+0.08 0.46+0.04™" 0.43%0.06 0.37+0.04 0.49+0.02 0.51%0.09
50 1.75+0.22 0.66+0.02 0.65+0.09 0.56+0.04 0.64+0.04 0.76%+0.10
75 1.78+0.06 1.024+0.27 1.10+0.42 0.94+0.24 0.97+0.20 1.18+0.38
100 1.41£0.36" 0.75+0.02 0.86+0.02 0.60+0.06 0.60+0.04" 0.88+0.07
125 1.39+0.15° 0.54+0.03" 0.61£0.03 0.42+0.03" 0.45+0.02"* 0.65+0.09
150 1.17+0.34* 0.26+0.05™ 0.234+0.02" 0.17+0.03*** 0.23+0.05"* 0.29+0.05™
175 1.16+£0.38* 0.38+0.14™ 0.4240.16 0.28+0.11"** 0.33+0.11"** 0.46+0.12"
200 1.18+£0.41* 0.74+0.04 0.84+0.05 0.62+0.05 0.60+0.02 0.96+0.05
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Fig. 4 Total ion current chromatograms for Aurantii

Fructus and its processed products

WA VIR RN S B AR 550, e AR H
BRI, SRS R AN A B 100~
125 s Ja R A K.

N30 FHRAS [FI M ) P B kD AR ST o )
MR ZE e g, DARRFEA: i 5 AN [ ) FE B A
dh 108 AR I o2&, SRA SIMCA
14.1 B4 2 57 1 22 i B/ — 3 ik - A ) a3 B
(orthogonal partial least squares-discriminant analysis,
OPLS-DA) #5%,  [A] i gt G i B e FEAUL 75
MISZIE 73 B G5 SR A HERA T, BE47 200 TCE #ikSs,
SR 5 PR SRS HON R2v=0.85.R*y=0.994
A 0?=0.987, RHIPrEBR TS, KRB NS
PG, W TR M2 R By B T

ik AR BB B 52 (variable importance

projection, VIP) {EJfii (VIP>1, P<<0.05), L%
S 15 POt 2 LRy, IR R IR 6, Ui
IR, WK, MR, JTERMEERI Gy, X5
FH - SRS I 45 SRR AR — 3. SR A Upset Bl53#r 15 Fh
22 eV R R J ) I R AR AR AR 4 SR L 6-
A, RIVHIEHE T 4 Mssrs FNA 4 My
FEMHI R 2%, e 1 Mo 2E I I T IA 3 100 s
IR o X & 2 e i & BT B R A0 p,
R L 2-WRI R 1,3, 8- IR A P
SR K BRI R R R R B, AR
6-B fivn. XEERI BN, FIREE FEAR
JHIRE R i R ZE R CRER 2R, Rplag y- R =
TN RO 2R 5 BRI 58 B 70 ) 5 AR AL, B ERARE
JEH 2 ST R Bt 1R AR .
253 RENRIEY T RIS R
AR EAE R IE I ME— AR BRI, SRITARXS
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Table 5 Specific distribution of volatile components in Aurantii Fructus and hbAF with different processing degrees

5 amn RA IR,
0s 25s 50s 5 100s 125 150 175s 200 s
132535 WA - - - - - - - 0.027£0.002 0.094£0.001
2 34058 fEREE 0.026£0.001 0.075£0.004 0.089+0.004 0.088£0.002 0.083+0.009 0.078+0.003 0.086+0.004 0.088+0.003 0.11240.000
338297 WKW R - 0.047£0.002 0.063£0.000 0.061£0.001 0.064+0.002 0.061£0.002 0.066+0.001 0.074£0.003 0.062+0.000
4 43963 KK 0.083£0.001 0.081£0.002 0.082+0.000 0.077£0.003 0.075+0.006 0.088+0.006 0.089+0.004 0.084+0.007 0.133%0.002
5 46012 FilEE - 0.03620.000 0.036:+0.000 - - - - - -
6 51678 B - 0.475£0.004 0.505£0.005 0.567£0.004 0476+£0.000 0.555£0.011 0435+0.002 0.500+0.003 0423+0.006
7 51678 ok 0.48340.001 - - - - - - - -
8 53297 oWk 169240013 148810016 167210015 182510013 1.59420.016 1.71620.048 1.37620.008 - -
9 53297 ()-a-feh - - - - - - - 1.603+0016 1.376%0.013
10 56868 ki 0.022£0.001 0.021£0.001 0.021£0.001 0.030£0.011 0.019+0.001 0.034+0.010 0.036+0.001 0.040+0.001 0.045%0.000
1158297 4-HHE-1(1-F%Z%)  0030£0.006 0039+0.001 0.037+0.000 0.024+0.004 0.025%0.001 - 0.022£0.001 0.021£0.002 0.016%0.000
AB.L0E-2-H
1260297 K 0.015£0.000 0.021£0.001 0.019+0.000 0.016£0.000 0.016+0.001 0.015+0.001 0.017+0.001 00200001 0.015%0.000
13 61440 5-FAEHE - - - - - - 0.017£0.001 0.019£0.001 0.035£0.000
1463299 HEakls - - - 113340015 102240037 136510044 110320011 1.0570.038 1.217£0.020
15 64059 (-)p-kki 198120015 201310031 192340019 122740013 1.12240.025 1.387£0.039 1.065£0.011 1.118£0.031 1.011£0.016
16 68106 p-AH:H 227610010 206420019 2.337£0.018 2.5540.019 2283+£0.040 2388+0.056 2.126£0.011 2.169+0.039 2254+0.011
1775392 o 0.634£0.002 0.670£0.007 0.575+£0.004 0.507£0.009 0450+0.006 0424+0.010 0378+0.004 0358+0.006 0.286%0.000
18 80535 DTkl 62.49240.050 61.540%0.242 63.20610.279 63.379£0.335 61.347£0.164 59.722£0.604 59.556£0.113 61.013£0.402 58.285+0.094
19 83726 KZf 0.049£0.001 0.056£0.002 0.051£0.001 0.049£0.001 0.048+0.001 0.042+0.001 0.049+0.001 0.047+0.001 0.0280.000
20 85012 (E)-p-Z ¥k 059120001 0.543£0.004 - - - - - - -
21 85013 JiR-p-B 8 - - 0.5780.004 0.6120.005 0.613£0.013 0.6490.014 0.590£0.004 0.619£0.009 0.654+0.001
22 88297 y-Rif 6.343£0.018 6.139£0.010 6.015+£0.025 6.199+0.048 5980+0.071 6401+0.088 5.797+0.032 5.886+0.056 5.860%0.015
2392393 ZH2(-BES-ZHE - - - - - - 0.916£0.007 0.85540.022 1.211£0.005
DU S0 IRg-2- 25 -
2 AETR RS
2492440 (2 MKBEDSEBAMLS  0.903£0.003 1.001£0.011 - - - 0.73620.020 - - -
2592441 AWK REEND - - 0.793£0.013  0.8070.016 0.761%0.016 - - - -
26 94918 2-L5-3,6- AN - - - - - - - - 0.034£0.002
2797297 -SRI 0.879£0.001 - - - 0.728+0.003 - 0.768£0.005 0.772£0.006 -
28 97297 R - 0.924£0.010 0.825+0.007 0.7700.013 - - - - -
29 97345 2Eh - - - - - 0.734£0.016 - - -
30 9.9442 AHEH - - - - - - - - 0.090+0.002
31101821 HEH 9.731£0.038 10.0660.179 9.571+0.109 8958+0.004 - - - - -
32 10.196 6 iRz - - - - - - - - 10.950+0.051
33 10.686 9 2-FA-6-F&-1,7- - - - - - 0.026£0.001 0.026%0.001 - -
F 0031
34108012 13 8-M7 =1 0.299£0.002 0382£0.004 0338+0.002 0352£0.010 0440+0.003 0570+0.006 0.650+0.008 0.614+0.015 0.05240.002
35 110154 3-HERBH - - - - - - - - 0.035+0.002
36 111679 (3ESE)-2,6-— - - 0.081£0.002 0.081£0.002 0.067£0.001 0.073£0.001 0.079£0.003 0.074£0.000 0.079£0.004 0.7100.005
13,5, M0
37 114252 FEERIbEIAT It - - - - - - - - 0.327£0.005
38 116726 1-7-5-FHch - - - - - 0.104£0.001 - 0.130£0.004 0.098£0.015
39 119536 (R)-3,7-= FHE-6- /4R - 0.09£0.003 0.087£0.001 0.081£0.002 0.100£0.008 0.104£0.002 0.091£0.001 0.119£0.003 0.092+0.002
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x5 (8
8% te/min 54 AR
0s 255 50 755 100s 1255 150's 175 200s
40 119536 FFE 0.084:0.001 - - - - - - - -
41 12,6250 4-FATmAE - - - - - 0.756%:0.043 0.88740.005 0.8360.018 -
4128584 M-o-ZHEK LI 0.200£0.002 - - 0.166:+0.023 - - - - -
43129917 a-FajliE 0.735+0.002 1.020£0.014 0935+0.018 0.677£0.108 0.901%0.016 0.967%0.020 1.0810.003 1.146+0.029 1.071%0.197
44 131297 13-FRBE—H - - - - - - - - 0.196%0.003
45 133822 % 0.23420.001 0.24320.003 0.21420.004 0.205+0.002 0.238£0.001 0.23620.004 0.26120.000 0.242+0.007 0.231£0.007
46 13.5488 FMLEE 0.121£0.001 0.127£0.002 0.115£0.003 0.121£0.002 0.13420.002 0.145£0.003 0.15320.002 0.134£0.002 0.173£0.003
47 136917 ()-RA-FFFEE - 0.69120.008 0.61620.012 0.507+0.009 0.572+0.007 - - - -
48 13.696 4 ()IAR-FEE - - - - - 066120011 0.753£0.004 0.76420.021 0.856+0.011
49 139584 FHE - 0700£0008 - - 0.65620.024 0.732+0.012 0.826£0.007 0.947£0.022 0.914%0.007
50 142537 D-E i - - - - - - - 0.348%0.008 -
51142584 (-)-F R 0.293+0.000 0.329£0.003 0.293£0.005 0.264£0.004 0.2820.000 0.340£0.004 0366+0.006 - 0.465+0.009
52 149917 %58 0.100£0.002 0.11320.004 0.108%0.003 0.095+0.001 0.106+0.002 0.130%0.002 0.1400.001 0.162+0.007 0.180%0.006
53154822 HEER 0.068£0.001 - - - - 0.109£0.003 0.100£0.003 0210+0.008 0.116%0.017
54154822 3-HE-4-R NEAR - 0.072£0.002 0.13220.026 0.0540.002 0.085+0.002 - - - -
55 155773 FMLEE - - - - 0.07240.001 - - - -
56 157298 T 0.027£0.000 0.02740.001 0.0300.001 0.023£0.001 0.026%0.001 0.032%0.001 0.032+0.000 0.049+0.003 -
57 159584 ZRFE - - - - - 004810002 0.024£0.000 - -
58160299 2-FHk-4- L WAL R T - - - - - - - 0076+0.004 0.197£0.002
59 16,6679 4-Z1iH-4-HE3(1-FHEZH 014630004 0.158+0.005 0.152£0.001 0.160%0.007 0.1610.000 0.155+0.005 0.18220.004 0.20420.008 0.234+0.005
B)-1-(1-FE LT
60 169965 (-)-a-TeHAks - - - - - - 0.1080.001 - -
61 169966 (-)-o-H - - 0.09240.003 0.094+0.003 0.103£0.002 - - - -
62 17.1060 2,6-~HF-2,6-% 0.131£0.001 0.15820.004 0.137£0.005 0.121£0.003 0.144£0.002 0.16620.006 0.18120.002 0.171+0.005 0.174£0.007
63 174203 (+)-3-E0 0490+0.002 0.548£0.012 - - 054520.005 0.610£0.021 0.62220.005 0.545+0.015 -
64 174205 RS - - - - - - - - 0.557+0.008
65 176108 K24 0.020£0.001 0.01920.000 0.019£0.000 0.018+0.001 0.017+0.001 0.01620.002 0.015£0.000 0.015£0.002 0.01420.001
66 177441 HEH 0.203£0.001 0.208%0.004 0.182£0.005 0.209£0.006 0.244%0.002 0.213£0.006 0.224%0.005 0.182£0.005 0.200%0.005
67 179775 3%l 0.087+0.001 0.094%0.003 0.082£0.003 0.095%0.003 0.096%0.000 0.095%0.003 0.09620.001 0.084£0.003 0.091%0.005
68 182156 (-)-p-HiE M 0.278%0.001 0.28420.006 0.2670.006 0.319+0.021 0.366+0.008 0.33920.011 0.35820.004 0312+0.018 0.360£0.007
69 183298 RMLEE - - - - 0059£0002 - - - -
70 187584 ZR%H: 0.059+0.001 0.064%0.003 0.058+0.004 0.038%0.002 0.06820.001 0.072£0.003 0.075%0.002 0.073£0.005 0.07120,003
71190156 AT 0.277£0.001 0.295%0.007 0.254%0.008 0.293+0.011 0.335£0.004 0.3070.010 0.319£0.005 0.250+0.007 0.286%0.005
72 19.306 1 -t 4 0.022£0.000 0.02320.001 0.02120.001 0.023£0.001 0.024£0.000 0.02020.001 0.022%0.000 0.017£0.001 0.019£0.000
3194395 ()-BiE - - - - - - - - 0.019£0.001
74200442 1,599- U1 475 +—=H 00810002 - - - - - 0.077£0.001 - -
75 20,0442 EREAE - 007520002 0.072£0.002 0.077£0.003 0.084£0.001 0.070£0.003 - 0.067£0.003 0.075%0.004
76 20.153 7 JR-B-EE0ES 0.160+0.001 0.15820.006 0.135£0.001 0.15320.013 0.117£0.007 0.202£0.011 0.172£0.003 0.149£0.007 0.122+0.014
77203347 IR =1E-4(15),5- 24 0.018+0.001 0.016%0.002 0.017£0.001 0.017£0.001 0.014£0.003 0.011£0.001 0012£0.000 - 0.0100.001
78 207680 (+)-a-K =704 0.079£0.000 0.07320.002 0.07120.003 0.068+0.004 0.067+0.001 0.050%0.004 0.05820.002 0.047+0.002 0.052%0.002
79 209109 KRAEMGED 1.49120.006 139120029 1353£0.013 1.691£0.136 1.79320.059 1.549+0.045 1.808+0.014 1.491£0.043 1.513%0.028
80 21.0585 2-THE-S-(I-FEZME):-  0.02440.000 - - - - - - - -
8-FAETUIE [5.3.0) B4t
81 210586 a-fr 4 - - - 0.023£0.002 0.024+0.001 - - - -
82 212347 2-FHE-S-FUE-9-FELAUR - - - - - - 0.01240.001 - -

[4.4.01%-1-%
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x5 (8
- Wh I UE LD
0s 25 50 75 100 s 125s 150s 175s 200's
83 21.2394 E A - 0.017£0.001 0.018£0.001 0.017£0.001 0.015£0.000 - - 0.010£0.001 -
84 21.3823 (+)y-BAIAL 0.095+0.001 - - 0.104£0.010 0.097£0.003 0.072£0.004 - - -
85 213823 XURKIRE MG - 0.082£0.001 - - - - - - -
86 21.3824 &l - - 0.085+0.001 - - - 0.019£0.001 - -
87 21.3870 3,6,6,9-TUF5E-1,4,40,5,7,92- - - - - - - 0.088+0.002 0.07740.002 0.083+0.003
NEK[TP
88 21.5109 a-K =M 0.04920.000 0.046£0.001 0.043+0.001 0.041£0.002 0.043+0.001 0.032%0.002 0.038£0.001 0.03220.001 0.035%0.002
89 21.658 4 A - - - - 0.043£0.001 - - - -
90 21.6586 8-FFiMiZE-1,5-— FAEFR - - - - - - - - 0.033£0.001 -
1,5-Z0%
91 21.7823 a-iLWEME 0.290%0.002 0.303%0.008 0.264+0.011 0.252%0.009 0.296+0.007 0.256%0.013 0.277%0.010 0.328+0.015 0.346%0.029

92 21.944 1 (-)y-HIARK - - - - 0.036£0.001 0.02820.002 0.03220.001 0.0300.001 0.029£0.001
93 21.9442 y-A M 0.0350.001 0.034£0.000 0.033+0.001 0.033£0.002 - - - - -
94 222490 1-FFPEE-47- - 024540001 0.216%0.004 0.207+0.006 0.21120.012 0.224+0.005 0.17820.009 0.204£0.006 0.18920.008 0.187%0.007
1,23,5,6,8a- 35 %
95 23.296 6 KA B 0.09120.002 0.062%0.001 0.0820.001 0.105%0.016 0.074£0.003 0.05720.004 0.070£0.004 0.0800.003 0.07420.007
96 23.5632 E,Z-o- WM - - - - - 003040002 - 0.048%£0.002 -
97 23.563 3 (E)-B-iEMel 0.03240.001 - - - 0031£0002 - 0031£0002 - -
98 23.5634 B2 - - 0.033£0.003 - - - - - 0.033£0.000
99 23.9728 9,10-£ A FKME 008240002 - - 0.067£0.002 0.07820.003 0.096£0.009 0.09720.003 0.11220.004 0.07120.001
100 23.9728 1.9-B%H = f = 0.08120.002 0.085%0.005 - - - - - -
101 241489 1,5 Z 4 3-3-F -2 - - - - - 0.035+0.002 - 0.051£0.002 -
AR
102 25.6632 8,9-EAAFKI 4 - - - - 0.01840.000 - - - -
103 264538 15-FH-0- A 1M - - - - - - 0.040%0006 - -
104 300109 7-F fihs - - - - - 0.01220.001 - - 0.0110.001
105 31.6252 +Tikilk L. - - - - 0.011£0.002 - - - -
106 31.9062 14-F &+ LI 0.03120.001 0.01620.002 0.0210.001 0.01820.001 0.019£0.001 0.02120.002 0.02620.002 0.0260.002 0.021£0.001
107 32.534 8 KRR Z Mg 0.07720.001 0.13420.011 0.0580.006 0.01620.001 0.279+0.002 0.02420.003 - - -
108 33.901 6 TiiEE 2. B8 - 0.029+0.007 - - - - - - -
A1t 53 57 56 57 63 60 62 61 64
A B
10 1 Lo A
5 SR 2 05 " """"" 8-
B JOBIE T A ] (ST I_l g
. sl it < os II
A “10 ® R
~10 @ ] m
—1I5 —IS 5 ‘ 1‘0 1 0 0.2 0.4 0.6 0.8 1.0
t[1] FHIE R

R%{1]=0310 R%{2]=0.129 Ellipse: Hotelling’s T2 (95%)

&5

NE=4 @S R EIEHITEE ZEINEH R OPLS-DA B9 E (A) #1200 XiEREHIGIE (B)

Fig. 5 OPLS-DA score plot (A) and 200 model replacement tests (B) of raw Aurantii Fructus and hbAF samples with

different processing degrees
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* 6 EHRETRIEHREEZ BHERMERS (P<0.05)
Table 6 Differential components between different processing degrees for hbAF (P < 0.05)
g BT VIPHH | 25 &N VIP{H
R A4S (1-H R ZFI-1-(1-F R 2T 1.0796 | BEK R 1.209 6
1,5,9.9-PU FH3E-1,4,7- 3K +— =% 1.100 9 (R)-3,7-—HH-6-EIFHE 12146
(H)-oa-AR =N 1.008 5 g 1.2887
27 -5-(1- A 4k 247 45 -8- FR S XUER[5.3.01 28 b 12887 | BE2k  2-PKNg AR 12254
o NP 1.1649 | HEHR  Mf-o- ~FHREFZME 1.0424
B- A s 12849 | FE& 14-F3E UL P G 1.1328
o- AR 1.2887
1,3,8- 17 = 4 1.0623
(BE,5E)-2,6- W ¥E-1,3,5,7-3 DU 1.286 6
A e
4 -
R
= 37
#
u]-\;\ 4
<
K 27
1 -
0 .
0s .
25s
50s I §
T5s
100's
125s
150's
175s
200s
10 5 0
ERIERRSY
N | 10 s
2-1K 0 R
F 06 - B
L, I o
i - 1,3,8- A =0

(3E,5E)-2,6-— W JE-1,3,5,7- ¢ PUJ

(R)-3,7-— i 3k-6-F e

T

Hof-o- Z FEER 20

- 4-ZF B4R L3 (1-F B LA ) -1-(1- U 003 2
1,5,9,9-VU FHE-1,4,7- 8+ — =)

(H)-0-AKZ=FEM

2-F FF AR -5-(1-FR B 207 52 -8- FF A XU [5.3.0] 28 4

o N

14-F AL+ TR H TR

0s 25s 50s 75s 100s 125s 150s 175s 200s
B 6 ZEHRTHHIRRESMMT TN Upset B (A) MEEHRE B)
Fig. 6 Upset plot (A) and heatmap for content (B) of differential component changes during processing for hbAF
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Table 7 Sensory thresholds and ROAYV of differential components in samples at different processing degrees
K e @ﬁl‘zﬂfﬁ/ ROAV/H
(ngkg)  Os 25s 50's 75s 100s 125s 150s 175s  200s

BESE 2-PkhEg AR 4500.0 0 0.005 0.007 0.007 0.009 0.012 0.014 0.015 0.015
We2s B 3 000.0 0.004 0.014 0.015 0.015 0.018 0.022 0.028 0.027 0.040

(R)-3,7-— W E:-6-"F )il 30.0 0 1.889 1.465 1420 2.208 2959 2949 3.654 3.262

I 5.2 7229 0 0 0 0 0 0 0 0
FiER W-o- IR 2 660.0 0.034 0 0 0.033 0 0 0 0 0
IR 1,3,8-TH A =/ 15.0 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

R A B HBERN, AR5 EE . 1,3,
- AAr — M 2 FPOCHR SRR Sy, DAROBREE . X -a-—
HHRR K 05 2 PRI SR oy, IX TR T 2E AR T
PVSRERIE . MHOCHFTER A, F A BEUS B A HE
IR, AR SRRV KR B DI AR A
A MEEAM N E, UL AR ST AR SRR E 2
DGR AR . IR S E BRI 2 5, S
RKESR D & FBEH R, R ART 2-MkmgH
B, (R)-3,7-—Hik-6-F/hlE 2 MR ED. H
2R FE T ROV 1A R AT AR RERR . THIELA AN
HERE SR, (R)-3,7- FH 3E-6-F I | AT A . & 5F
BRSSO A Ui B 5 B AR 2 B AR SRR
CUFH AR T8 MBS N, JREA S e s s
TR, 2-MRI B BRI . (R)-3,7- H -6-F M
S5 Ao 7E 100~ 125 s TFAR W E G, 45a T 5
SEREORBER . BRSO Em N ALAY), AT DA
W7 3% 6 B 43 T RE A T EE B AR S T i LR D I (]
& 100~125 s BRIk AR AR B E AR JR AL .

2.6 ETF HPLC YR, SR &

2.6.1 0P HEGIATRIHI R J3 RS B AR ECE R R
TR, INFEREFCAE 2 mL B, AR
SRR 518.5 ug/mL. 5-ZE W IR & 515.5
pg/mL. F5 % % 805.0 pg/mL. F#HE 503.5 pg/mL
A1 3,5,6,7,8,3"4'- L AT 521.0 pg/mL FIRE S
S} R SR, TR T 5.300 mg/mL. Al 8.300
mg/mL 5 it LB KK 4.645 mg/mL (1] 52— X HE i
TR

2.6.2 PHRFIATRIOH] & FREUCK R R B 2 %k
SR ARS 1.0g, H%ERE, BT HEREEM
BN 10 mL FEE, FROERTE, MIFENA 1.5 h,
A0 R AN RO T, RRAI R DR, HUE
2 mL, F 12000 r/min. 2:0F4% 10 cm 614 F
B0 10 min, B EEW, 3 0.22 um HAFLIEREE, B

PR IR

2.6.3 GBI AR Waters e2695 B = 3G
A, B3N Eclipse Plus Cis A (250 mm X 4.6
mm, 5 pm); JREIAHA 0.1%BER /K ETR-L 5, B
FEVEML: 0~30min, 20%~40%Z.E; 30~40min,
40%~50%Z.fif§ ; 40~50 min, 50%~80% Z.JiE; 50~
60 min, 80%~100%Zfi; 60~62 min, 100%~
20% M 62~75min, 20%Z1E; HiE 30 C; i3k
FEE 10 puL; AR E 1.0 mL/min; 903K 330,
210 nm,

2,64 ZMICRFEL REEHWA “2.6.17 TR
miEEE, AR, B . 3,5,6,7,8,3 4~ L H Ak
Bl RS R S5-I TIBR Bz 2R VR0 Tt 5 Al
FeAF . R R I SR R ) 5 — X T S VA T
P 1. 20 4. 8. 164 32, 160 f%, FBERA 5
TR IR VAT, TR “2.6.37 TR g A
D5 % B VTR AR o DY HEL ol Jo 2 R FEE DM e Al
(X, BB NMNALLR (V), LfilbrtkiliZl, 5
PERIATTRE, 250 n ki H Y=3 091.0 X+
3 167.5, R*=0.999 56, Z&PEJE 51.88~8 300.00
ug/mL; 3,5,6,7,8,3"4'--LH S L5 i Y=28 283.0
X+24394.0, R?=0.99998, &P 3.25~521.00
ng/mL; 5-2H)IBER & Y=25 367.0 X—4 042.0,
R2=0.99997, #&PEVE] 3.22~515.50 ug/mL; it 2
B K AR Y=5 566.0 X—28 461.0, R?=0.999 64,
LRV 2.90~464.00 pg/mL; F8 K H Y=3187.0
X+3163.0, R?=0.999 56, Z& V£t [ 33.13~5300.00
ng/mL; FHFEEEE Y=40 011.0 X+46 671.0, R*=
0.99998, Z&MEVEl 3.24~518.50 ug/mL; HMER Y=
22312.0X—10124.0, R2=0.999 97, £ {u [ 3.14~
503.50 pg/mL; #52 Y=40 169.0 X+175 720.0,
R>=0.999 86, £kl 5.03~805.00 pg/mL.

2.6.5 FEHEERLG B “2.6.27 TR I HHA R
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W, TR “2.6.37 TUN ISR E SR 6 X,
WA MR H . BB BEEE. AR,
3,5,6,7,8,3" 4"~ F S S B L A5 e R S5-I R B
. OB KRARIE I A RSD 205104 0.44%.
0.42%- 0.86%- 0.60%- 0.51%- 0.41%- 1.12%- 0.42%,
4 R INZAX ARG 5 R A

2.6.6 faEtEilE  BURFEA M, IR “2.6.27 T
NSRS, TSRS 0. 24 4.
6+ 12 24 h FEFEIE, %8R “2.6.37 WU ik &1
HEHHRE 6 Uk, MGl BFE BRI
FM . 3,5,6,7,8,3 4L H AL &R, K&K, 5-%
BRI R E K AR I TR Y] RSD 23904
1.96%- 1.59%- 1.50%- 1.80%-2.01%- 1.05%-2.72%-
1.68%, 45 SRR AR AE 24 h WA E I R 1T .
2,67 EEMERK HURFAEM, 36 ., &R
“2.6.27 TR 7k & A, %R “2.6.37 I
NSRS BHERE I R, IS A R TR R
THIS R I E . 3,5,6,7,8,3 4L AL . K5
B S-RW)NFRRE R W OB R AR & 7 0m)
RSD 4358 1.64%- 2.01%- 2.42%- 2.42%- 2.08%-
1.82%~ 2.19%~ 2.96%, &5 HRFR 1L EEE M R I
2.6.8 fIFEEUCERRLE B “2.6.27 TR & 4t
A 6 1y, FEEFRE, 43 IR HE Sk B
0.985 mg. %1 0.920 mg. FHFEELER 0.350 mg.
H#E 0.140 mg. 3,5,6,7,8,3",4'- L 4 L 5 { 0.085
mg. F5E &K 0.070 mg. 5-2 I K 0.135 mg.
it 2L i K AR 0.185 mg, #4118 “2.6.2” TN J7ik
BRI, R “2.6.37 TN (il 243 AT
E, RN B RCE . BB, AR,
3,5,6,7,8,3" 4'- L H AL TR | K5 R 2L 5-E ) BREZ

oo 2T KRR ST 2 R TR UK 4 A
97.42%. 105.68%. 104.29%. 104.85%. 97.02%.
99.50%- 103.54%. 102.90%, RSD 435 0.93%.
0.80%- 0.56%- 1.08%- 0.58%- 0.53%- 0.47%- 1.29%.
2.6.9 & NS ESN BT (R EZH) 2025
FF R U5 R A ZH AT 7T h JRO-100, ik e A e A
H M2 AE RSV B Rl s fil B2 S A R E
it 2. e Vs K bR 3,5,6,7,8,3", 4" FHVAR L B A A 2
LRSS sl s 5-25 R IR Bz 2% AR R T R G BT Ay
YR R Y A o R (S & U a1 P TR
TG AT R & o S B NER 8, IREXT
FR T S A [ 1 P S BE AR AR i (S1~S9: bk
0~200 s ZFRAFERENM, S10 ATRAXTIRMD
WEILE 7. RER, BEEDHIN AT, 2
IS 53 R8-S o0 () AR RIS B S P
B mofass, K amRaems b s T
A, FLA B FEANHT RS B R & S S R
Ao XSS BARL B A ILF SR, E AT R
PEFEML 53 BIA M, Higtigsrt, —2u
UE T B ERID M| “UgIB R
2.7 EHEHEFIEGIEIIE “YRRIS R MBhASKEL
FRAT

NERIE BRGSO AME S
HNAERR A shAS B, AW TR 4 N &
RGB. HSI Z&i—HZ Mg E R, 437K Mantel
1965 Pearson AHICMESHT, RGH LD H] |
WHRE . Ptatabs, SHERMEZE TR TAE R &
=2 BRI . B 8 AN Pearson AH I MEFAE,
WE P<0.05 AEAGFE L HIPERER A
SERMEN ] =0.8 AR, 0.5<[r]<0.8 A%

*8 EHRNMTMHIEIRERS BTN (X+s5,n=3)

Table 8 Changes in content of components throughout processing of hbAF (X £ s, n=23)

R (ngg™)

P i I, . 3567834~ S-FHIE
Al R Hie R HIGHE L BERAR SE7FN I MR A

il 0s 566423122733 4564.47+£154.13 7.98+0.38

I 255 4401.73117.29™ 4396.50£16.21" 3.97£0.02™ 74.1440.24™ 22.10£0.05™ 6.02+0.05

183.46+6.64

72.93+£221  6.13£021 38.17x2.26

25.08+£0.17"* 1.8440.02"

4.4910.14

B 755 5103.57£62.27" 5005.97£50.94™ 5.20£0.10"" 91.60+1.85™ 29.034+0.33"" 7.75+0.11"" 34.88+0.43"" 2.53+0.11""

KB 100 s 5 694.01474.74
YO 125 s 5942.89+44.62
il

J
J
IO 50 s 4832.64+79.83" 4719.41£78.45" 4.83+0.09™ 86.05+0.87"" 26.94+0.47™ 7.274+0.11"" 30.5740.63" 2.33+0.19"
J
J

5324.41+71.88" 5.98+0.13"" 101.97+1.85"" 30.92+0.46™ 8.50+0.15"™" 36.524+0.58" 2.54+0.04™
I 5659.47+39.22" 5.7240.05" 98.61+0.68"" 29.42+0.21" 7.90£0.07"" 32.90£0.29" 2.49+0.14™
1150 s 4 890.46+31.05™" 4 715.08+£30.54" 5.3240.04™" 94.074£0.53"" 30.12+0.20"" 8.38+0.04™" 353340.30"" 2.81+0.16™
J

IO 175 s 47616819717 4397.84+79.85" 5.46+0.08™" 96.76+0.24™ 27.91+0.44™ 7.67+0.13"" 32.4340.66™" 2.88+0.11"
I 200 s 5169.34473.77"" 4 833.28470.28"" 6.58+0.13"™" 104.09+15.98"" 33.65+0.58™" 9.64+0.18"™ 39.56+0.59" 3.62+0.12™"
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330 nm

S8
S7
S6
S5
S4
S3
S2
S1

t/min
LRI H s 2-HiB AT 3-RiMdal: 4-Ak%R: 5-3,5,6,7.83'4-L
FRAE I 6B 2 7-5-O-F IR 3 8-t LBk i Kbk
1-naringin; 2-neohesperidin; 3-sinensetin; 4-chrysin; 5-3,5,6,7,8,3,4'-

heptamethoxyflavone;  6-tangeretin;  7-5-O-demethylnobiletin; 8-

deacetylnomilin.
E7 BAXMERS R RAEMEHIIEEZHKRTHER
(S1~89) #J HPLC
Fig. 7 HPLC of mixed reference substances (R) and hbAF
samples with different processing degrees (S1—S9)

G, 0.3<|r|<<0.5 AFAHIE; oM Ay kb i )
O B ANRE BE 5 & A Mantel Bl 25 5R, [ 7|
FOR Mantel FHICHESRFE, 728 MR A G MERRER . 2
Brat R RoR, W), SRS 1,3,8- i =
Wiy (D-o- AR y- AR & 2 B E A
5% KR TR] 7R 5 I KR L B AT L 5-25
5 B 22 S 3B B A R A DG o 7E B[R] AH
TNMETTTH, 1,3,8-H40 =M 5 (H)-o-ARE1EH . y-AR=2
ek RAAADE, 1M 4- M3k -4-H 3L -3-(1-H 3L 207
F)-1-(1-FF R CE)H O R IEADG, thah, Btk
Iy S IRy SRR DG b R AN 52 HE R
RAEHBALL, HE5®)-a-REZEM . y- R 200
RIEMK.
3 it
FEVENIRE 4 RpZiiaflniike —, BL“%
BB, TEEE., MRuE” ERK, WEGR 2
BRIPET 2, RHEREMMEIH AR —. 524k
RS T E M H] T2 M, R A R0

XANTEF IO RN T 4Rl 2 . 2k 52530,
W H 2 AR R, AR, AT 2GS A 5T
BN Y R (R L P Ll G2y T

AR ERT R AR T2, RGN T
A [ A 1R B 0 B R AR e T A R B TR E R
Wi, 7 TRSHIR R RO B b AR 7 AR B
Z PN AER R FET EERAR ST FE A A 19
Pt . SRSEERLRENER, RYER
TOESE TR AR S 9 o BRI FE
b, F454 HS-GC-MS 5 HPLC X% K P sy KAk
FROTHE BRI T E ES T, MM T —4
ShA AN R 5 A 22 2H I 22 4 o O R A DR ADY
KR o AR RAMSEIL T X6 M )k AR RO AR
Aik-sINsc s dUan! | I PRy LY (2 EAY ol SRl O
BREM, RHAEES . TG B0 5 b
HER AL T B EEE AR, M T2 ks s
Gk T

FEBVEIN E J7 1, 85 Bl s o HEAE L € 22 OO
HA R T2 W EL AL, 8 RGB-HSI &l
BEEYS LY o'y b EEE M) 4 I R AR AR
FER AN AL, FEEE ST S 2 U X 2 AR
HIFEEERE o JRHIA R AR A BB AT, B
FESHI T E K, RGB-HSI I, LME T, o
B TEMIH G WIHF 4G T AR SR T B I UR IR,
)RR IREREAR, MRS SRR B
T, T BRSO R AR A B Ao K 2 R A A
AT g5 M I AR P 1) 36 R A8 R R DA OG22, 1
YOI AR R R SRR R MR E OS5, B
FRUM B A B PERIE), Rk, 7EbEERE bk
LT AN [ RR B B AR A R B e S 5
SEIL T I AR TR BRI R R RAE, $RT TR
IR P ) A 0 2 W 5 A M o R SR R A4
PR AT AL AT L. PCA AR 2
F XA F MR BERE S o BEE D 1A 18 38
R I IR B AR AL, H 3 R R
FEIZR DN 65.15~69.06 N T 7E ML A & IS L
Tl B AR O A v AR B AR I BRIIRAS , A R
IEEE, PO R R BRI, AR S R, AF
TR .

HLF- B E R —TUH X P AR AR, Hf &
(17 14 AMMEERES, RERSHERT H R S SR AT REAFAE
A e E & &R IR EZ TR,
BAWRMNES, FIHETSHEARIIE HS-GC-
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Fig. 8 Analysis of correlation between appearance traits and chemical components of hbAF
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