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system between raw and processed products, providing scientific evidence for standardized production and quality control of honey-
fried EF. Methods The effects of five factors-honey-to-water ratio, solid-to-liquid ratio, moistening time, stir-frying temperature, and
stir-frying duration were investigated through single-factor experiments. The comprehensive weights of maslinic acid, corosolic acid,
oleanolic acid, ursolic acid, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, and hyperoside were determined using the
analytic hierarchy process (AHP) combined with the criteria importance through intercriteria correlation (CRITIC) objective weighting
method. Key process parameters (honey-to-water ratio, stir-frying temperature, and stir-frying duration) were optimized via Box-
Behnken design coupled with response surface methodology (BBD-RSM) to establish the optimal honey-processing conditions for EF.
Ultra-performance liquid chromatography/high-performance liquid chromatography (UPLC/HPLC) was employed to develop
fingerprint profiles of raw and honey-processed EF. Component differences were compared using similarity analysis, hierarchical
cluster analysis (HCA), principal component analysis (PCA), and orthogonal partial least squares-discriminant analysis (OPLS-DA).
Additionally, correlation analysis between colorimetric values and indicator components was conducted. Results The optimized
honey-processing parameters for EF were determined as follows: honey-to-water ratio of 1:1.06, solid-to-liquid ratio of 2.0:1,
moistening time of 2.5 h, stir-frying temperature of 157.9 °C, and stir-frying duration of 11.1 min. In the established fingerprint profile
of triterpenic acids in EF, 12 common peaks were identified in the raw products, while nine common peaks were identified in the
processed products. Among these, four peaks were assigned as maslinic acid (peak 6), corosolic acid (peak 7), oleanolic acid (peak 11),
and ursolic acid (peak 12), all of which showed increased content after honey-processing. In the fingerprint profile of organic acids, 11
common peaks were identified in the raw products, and 12 common peaks were found in the processed products. Four of these peaks
were identified as neochlorogenic acid (peak 1), chlorogenic acid (peak 3), cryptochlorogenic acid (peak 4), and hyperoside (peak 11)-
all of which decreased in content after honey-processing. The colorimetric values (L*, a*, b*) of the honey-processed loquat slices
showed a significant positive correlation with the content of triterpenic acids, and a significant negative correlation with the content of
organic acids and flavonol glycosides. Conclusion The AHP-CRITIC weighting method combined with BBD-RSM can effectively
balance multiple indicators. The honey-frying process for EF is stable and feasible. Integrating fingerprints with chemometric methods
precisely characterizes quality changes before and after processing, offering evidence for enhanced quality control standards.
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Fig. 1 UPLC of mixed reference substances (A), raw EF
(B) and honey-fried EF sample (C)
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30:1 051 139 056 126 15.88 45.79 11.40 2.54 93.88
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content of evaluation indicators in honey-fried EF (X £ s,
n=3)

Jr i 7 H(mg-g ™)

e e
‘ Y T e fasgt &4z Y
B LR Em T G
B e s T gy R o e
1.0 043 1.01 0.50 124 397 15.62 443 1.18 82.84

1.5 043 097 053 128 4.63 1636 5.01 1.16 85.32
20 043 1.03 049 126 4.17 16.87 4.78 120 84.37
25 046 120 052 122 9.09 28.86 6.57 1.91 98.27
30 042 096 048 1.20 444 1558 446 1.21 80.84

#F 6 ARIHLIRE X EMALHITNIEFRE EMFN
(Xxs,n=3)
Table 6 Effects of different stir-frying temperatures on the

content of evaluation indicators in honey-fried EF (X £ s,

n=3)
W B (me-g !
il ﬂ%%giﬁﬁzés) —
FEIC LR Gy T e PR B

N SR SRR Bt
100 044 099 049 122 495 1748 4.83 1.30 89.39

120 045 1.05 052 133 5.57 19.55 5.28 1.54 96.28
140 044 1.01 052 129 6.09 21.33 6.77 1.45 96.68
160 046 1.07 054 135 549 20.01 6.06 1.43 97.96

180 042 094 048 1.13 522 19.10 6.36 1.23 87.19

(5) IOl [a] %2 BORLAL I FE S 5 4, R
40g, %R “2.17 WU N AR T4, %K
Be 101, fERRGLL 2.0 01, f&E 1 h, HEE
160 C, HZSHIFE (8. 10. 12, 14. 16 min)
XPRLREI 255 0 Y R . &5 Rk 7 R, 4
KB4 9 10 min I Y (B 55
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2.1.6 BBD-RSM 1462 K HEATH-H i T2
(1) BBD 5 eit: MR RS R, &%

=

7

A E RS HIRT B B AR TN R AR 2 R R

(Xts,n=3)

Table 7 Effects of different stir-frying times on content of

evaluation indicators in honey-fried EF (X = s, n=3)

Jr i 7 (mg-g ™)

PR R S R S ) 3 AR R EOKEE (XD
OHIRE (X)) FIRbHIN A (X)) NEZRE, Bl
IR, BIP R, FHRR. BRRER. iR,
SRR BRERIERR A & 2k 8 MEhR U A
5 () ARAE, FIH Design-Expert 13 #f4idk
17 3 BRI 3 AP Ima R 0 A, e R R 57K
% 8. BBD-RSM i ik it S 45 3R W.3% 8.

P B sk Rk &4 Y (2).%&%}%%%*&: % DeSig? pert D *

[i/min 1L 7R 25 e 4] ) G [ i, S SEBS R AT BLEALE b, A5 30 BT R
8 047 112 052 133 413 16.08 425 132 94.82 ¥=93.470+1.230 X1+1.800 X>7-0.256 8 X3—1.300
10 049 111 0.55 138 449 1795 5.12 141 9933 X1 X2aF04830.X1X5—0.5725 X503 1.920 X;°—1.780
12 044 105 051 130 411 1576 436 122 91.78  X2?—5.720 X32, 2 (X [alVARRY i) 2 25 VA 96 K 5 22
14 044 1.03 0.51 129 423 1646 453 125 91.77 SITEERNEK 9, 2 BIAMETTER R2=0.970 2>
16 044 096 049 126 433 15.68 4.80 1.34 89.53 0.900, [A]H#%# F=25.30, P=0.0002<<0.001 7]

#*8 HIEMEHI TE BBD-RSM iR EZESKTE. REGIHRER
Table 8 Factors and levels, design and results of BBD-RSM experiment for processing technology of EF
o . C X?/ i &4y B/ (mgg™)
min IR BIPRM FHER EER FaER SR ROER S2Mkl
1 2:3(-1) 140(-1) 10(0) 0.973  2.283 1.039 2504 3387 13348 4323 1.123  84.846
2 3:2(+1) 140 10 1.038  2.394 1.066  2.603  3.824 13.897  5.016 1351  89.642
3 2:3 180 (+1) 10 1.258  2.498 1.005  2.677  4.058 13983  4.442 0.947  92.470
4 3:2 180 10 0.995 2450 1.103 2707 4343 15255  4.738 0.964  92.081
5 2:3 160 (0)  8(-1) 0968 2240 1.001 2507 3723 12578 4.761 1.123 84375
6 3:2 160 8 1.023 2256 1.047 2520 3522 13461 4427 1289  86.117
7 2:3 160 12(+1) 1.012 2226 1.046 2513 3.185 13204 4257 1.116  84.567
8 3:2 160 12 1.035  2.300 1.067  2.644 3968 13355 4322 1.027  88.241
9 1:1(0) 140 8 1.010  2.253 1.012 2560 3302 12534  3.873 1.132 84365
10 1:1 180 8 0.992 2327 1.079 2687 3410 13809 3.873 1.026  87.691
11 1:1 140 12 1.015  2.290 1.052 2576 3261 12782 4270 0972 85.379
12 1:1 180 12 1.009 2432 1.065 2514 3572 13177 3.990 0.998  86.415
13 1:1 160 10 1.052  2.241 1.144 2722 4298 15217  5.010 1315 92.463
14 1:1 160 10 1.081  2.441 1.071 2783 4272 15316  4.756 1.059  93.596
15 1:1 160 10 1.026  2.416 1.107 2750 4317 16214 4971 1.082  93.718
16 1:1 160 10 1.103 2350 1.158 2763  4.095 15760  5.245 1.146 94358
17 1:1 160 10 1.083 2298 1121 2792 4130 15735  5.021 0.897  93.199
#9 EVMEREEMRIERFED
Table 9 Significance tests and analysis of variance for regression model

FERE CFHM AHEE ¥h FE P | AERE CFHR AHBE U7 Fli Pl
[EHHEA 226.850 9 25210 25300 0.0002 | X2 15.560 1 15560  15.620 0.005 5

Xi 12.060 1 12060 12.110 0.0103 | X22 13.410 1 13410 13460  0.008 0

X 26.010 1 26010 26.111 0.0014 | X3 137.740 1 137.740  138.250  <<0.000 1

X3 0.527 1 0.527 0.529 04905 | W% 6.970 7 0.996

Xixa 6.720 1 6.720  6.750 0.0356 | AU 5.020 3 1.670 3430  0.1325

XiX; 0.933 1 0.933 0937 03654 | 4l 1.950 4 0.488

XoXs 1310 1 1310 1320 02890 | MB2 233820 16
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FER R AT, LI F=3.43, P=0.1325>0.05, #
BPLA R R, BOA EE.

FRAE G R 7 F2, KA Design-Expert 13
WAL m R A =i, SR 3. &
Design-Expert 13 {0l 2 5 Atk A i (1 g5 £ 0 ) T
2 KON 11118, Wil E RN 157.86 C, &
il A 11.08 min, £RG4375 4 91.425. 4565508
AR, WhE s B T E: KN 1 1.06,

=

=
IR
““:‘\:‘\

SIS X
R RS S
- -
”‘%@@xé'<.. %ﬁb%@p
84 LXK 84 %
X
‘ )4 .

180

/;’l’ R o
g RN
‘gzéwﬁaa&

YOHIRE 157.9 °C, BB A 11.1 min.

(3) BHETZHIE: FREMEAEHFES 3 4, &
fy40g, &R “2.1.67 LT i e M S T2
HATIRAE, 45 %02 10, 3 RIFSEIN Y 40912
90.163+ 90.325. 90.307, “F-¥J{E N 90.265, RSD &
N 0.098%, T 25k FITAS I 2% 6 V435 Wl 7 T 5 T

DB AR A, Ik A Fir A AR R AT R A R T
R

,:5;{‘
R “&
\“‘8}""

O:z‘*:“ N

SRR
SR :‘:\‘;‘
Q‘Q"’_‘,ﬁ?

& 2 &
140
2 140 180
Xo/C
3 MEESFS&HRZEE
Fig.3 Response surface and contour interaction plot
R 10 IIESKINLE
Table 10 Validation experimental results
oy oy #l(mgg™) YT - RSD/
IR BT RKR ORI RBRR ek aFR RaER eatkd A %
1 1.022 2.346 1.082 2.665 4.500 14370  4.221 1.781  91.576 91425 0.151 0.123
2 1.030 2.344 1.084 2.662 4.458 14.652 4.330 1.589  91.530 0.105
3 1.030 2.340 1.083 2.665 4.480 14.565 4.268 1.535  91.361 —0.064
217 FEREEMELS R AR 13 #HAEH  FE “2.1.2 (3)7 T EEFIF TRATIE, KA

M, %I “2.1.3 (37 R IR T A H %

B MS1I~MS13, %8 “227 “2.3” W F44F,

HATEENE, SGRIE 1.

2.2 HLABM-A SFNEE S s S EE T R

2.2.1 LA =mEERE S UPLC fa 8BS0 5T
(1) FRSUEINE 1A B AR AL PEA : B 13 HkZ4

B, I “2.1.2 (207 TUR B 5 01 24 B A i

“Crh 2 EaE RS BRI R (2012 RO,

PLS12 A1 MS12 st i, SRAFIEk T £ S
IEAEREIEITES, W 4, ERIEE 12 N JEE 1,
Jf A 9 N A, EXTIEAIRES (B 4

X SE, RN IR 4 N0, THEARBUE, 45513
FEREAE A 5 (S1~S13) 5 80 B AR ABUEE 43 31
0.996. 0.987. 0.987. 0.959. 0.945. 0.978. 0.988.
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1 SEHAEMEENELSR
Table 11 Results of content determination of EF from various origins
Ji o3 i (mgg ") Jii g3 B (mg-g ")
B B R L TSR L, FRgk &4 RN R R, ETE L g s
MR o RERE o @ER RTINS -1 S )1 S
e PN BRR R ke R R JR R R Bk
S1  0.529 1.662 0.832 2.177 19.864 41.677 8.504 3.129/MS1 1.196 3.159 1.437 3.005 11.509 33.127 8.355 2.365
S2  0.677 1.723 0.765 1.779 2.719 17.792 2.457 1.762|MS2  1.202 2.874 1.269 2.481 2.544 16.287 1.855 1.261
S3  0.612 1.050 0.581 1.870 1.768 16.564 1.347 0.553]MS3 1.386 2.538 0.972 3.155 1.601 14.905 1.475 0.410
S4  0.591 2.073 0.715 1.769 26.948 45.781 15.404 2.487\MS4  1.354 4.173 1.518 3.174 22.433 31.385 14.057 2.244
S5 0.839 3.099 0.873 1.666 14.399 34.337 11.374 2.982/MS5 1.618 4.280 1.504 2.897 12.279 28.748 8.439 2.189
S6 0.463 1.267 0.743 2.115 0.101 0.624 0.232 0.337/MS6  0.997 2.720 1.593 3.510 0.085 0.361 0.075 0.323
S7 0.520 1.800 0.753 1.868 2.594 6.602 3.438 1.302/MS7 1.001 3.503 1.371 2.935 2.228 5.762 2.132 1.355
S8 0.646 1.148 0.835 1.826 10.171 33.769 4.014 1.412)MS8 1.280 2.375 1.149 2.907 7.103 26.072 3.645 1.156
S9  0.584 1.357 0.679 1.480 9.524 33.522 5.142 2.357MS9 1.216 2.688 1.413 2.678 6.884 27.838 4.022 1.477
S10 0.374 1.231 0.586 1.625 20.770 38.535 6.843 2.652/MS10 0.835 2.631 1.342 2.982 13.348 30.736 4.244 2.194
S11 0.479 1.560 0.821 1.912 21.232 42.236 16.261 2.310/MS11 1.043 3.376 1.218 3.388 15.224 36.073 15.360 1.789
S12 1.042 2.224 0.841 1.743 35.233 49.444 9.217 3.643]MS12 1.058 2.394 1.251 2.531 4.851 16.905 5.419 1.344
S13  0.281 0.621 0.441 1.315 5.157 17.995 3.900 1.012{MS13 0.670 1.313 0.855 2.153 2.396 15.481 3.182 0.611
1
7
e + lAZ
3
| 21 5? 11,
Qo4 ) g9 10 TR
L_» \ ,LA__A_,._N\_ o SR
i i B . s13
(Y — Y e SDD
Lw- ' i o S11
Y - s
Im A A i S9
1 "LLLf Y. S8
‘ | Ashos A min —_—— — S7
1N Y ¥ s7
N S ’M s
N WV ey Y |
1N WY v e evas— 3
LW G\ e il — =
W V0| v | A o
MSR
——— MS13
MS12
MSI11
MS10
MS9
MS8
MS7
MS6
MSS5
MS4
A MS3
MS2
MS1
0 4 8 12 16 20

t/min

4 MAEHERFE R M =FEER 2 5> UPLC 84 EE
Fig. 4 UPLC fingerprint of triterpenoid acids in raw EF and honey-fried product
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0.985. 0.992. 0.990. 0.984. 0.989. 0.935, “Fi4JHH
U 0.978; 13 ftAa sl (MS1~MS13) fa4E
T (R AHALLE 23 514 0.913.0.958.0.992.0.991.0.974.
0.971. 0.972. 0.996. 0.999. 0.994. 0.974. 0.974.
0.900, “FHIJMMLLE A 0.970; Z5HREH, RE7H
AR P2 St REA ] ot I 2 o B A — 3, SRR
(2) JZIRFE W1 (hierarchical cluster analysis,
HCA)D: LA 13 HEAEAT - () A G N 5 S 1 9 AN 35
g (U 1. 24 5~7. 9~12) IEMA AT E, RAY
R VE DA K R G B R U7, o 4 a0 & gk 47
HCA. 1 HCA i RKE (K 5) nl%n, EFEEHSEN
FRES K L% (FERE L8 10 7K 2D, 26 it
REAE 258 W] 508 3 28, mT LAAS 2] MS2.MS9. MS8.
MS12. MS3~MS6. MS11. MS7. MS10, MS1 %
N—3%; S5, S12. S6. S11. S7. S10. S3. S8.
S9. S2. S4. S1. S13 EHN—; MSI3 HAE N

Bl 5 Z=HEEREA Y LS HHAE
Fig. 5 Dendrogram of cluster analysis for triterpenoid acid

components

(3) EHs 5381 (principal component analysis,
PCA): LL 9 MG IIEMA N BT PCA,
FEIE A MAEIRAE N 0.765, BEMN 0, PLERDEE
TEAE S 7 22 DTHRFRAE I £ 3 ey MR - DARFAE
E>1 JbrttE, FREU 1NN, RHIEE 6.591,
BRI kRN 73.234, EEWAE (F6), &£

» 1683 »
8
6
24
i
2
0
0 2 4 6 8 10 12

LR HH
6 =HEERERLST PCA FEA

Fig. 6 Scree plot of PCA for triterpenoid acid components
BT SR EC (4 1 A4S 22 B 7T ASRAEREAT i iy B Ak
fiE o MR 4 3 4570 B (B 7)), #2275 Hotelling’s
T2 it &M 95%EE XA, V&AL XRINFEA)E T
AEH I AGVE o FEAS AR 7 B S e AR LA 5
A, BEIL AR AU R . R21]=0.7320 %
AN 1 EROMERE T 73.2%IM7 % R22]1=0.088 4
TR 2 B RE T 8.44%IT5 %, 2 NI
IR T 81.64%IM7J7 22, 1X 2 Aoy RENS BT
AR IR EE A e

2]
1 MS1~MS13
1 -

t[2]

t[1]
B 7 Z=WEERARLST PCA 1557 E

Fig. 7 Score plot of PCA for triterpenoid acid components

(4) 122 i fe /I — 3 - #0151 43 Ht - Corthogonal
partial least squares-discriminant analysis, OPLS-DA):
£ PCA 1J%Efi |, #E1T OPLS-DA, OPLS-DA %!
W 8, HER M IAIE ZHAT AL, R2d11=0.724 0,
R2{2]=0.127 0, M= [8) 734 _ERFEHEAE -4 b A0
J KRR 730 2 28, RIS P s A REAT 2R
MV A TR N > ZE R W R . AR R
#5¢ (variable importance in projection, VIP) 1EH>
1 Jybrite, HAR3) 4 MrEZERY) (K19, #21f VIP
EARMKION 2 S, 12 5§ (REIRIR). 6 TlE
GBI, 11 508 GRECRIR).
2.2.2 HEASHAHUERIE K 7> A IEE R B 7> HPLC
T S 5T
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(1) $RSCEIE 1A e S ML BE A B 13 Hk24 14
A, ¥R 2.1.2 (207 TR B I7 i & R i VA TR
7E “2.1.3 (3)” Wi FERE&M FATIE, KA g 10
“H gt R SURITE ALV R G (2012 FRD, DA é 05
>

S12 F1 MS4 Axf i, KA -FIEGET 2 SR IER
kIR, 455 WK 10, dbRic 11 MEFE, 5

34

o
)

g2 Wg12 g6 g1l R Rl R0 UET7 &S
var ID (primary)

9 Z=WEERARLST VIP
Fig. 9 VIP plot for triterpenoid acid components

O
MS1~MS13
] |
L

to[1]
1

1] S1~813
] ° X AR (8 2) A ERAR LT 4 i, 3
i S BRI, 455 13 SRR AR i (S1~S13) $84L
° oy ° L FRIAR BLEE 20 514 0.989 0.941. 0916 0.975.
B SRS OPLS-DA B 0.993. 0.624. 0.808. 0.984. 0.986. 0.981. 0.988.
Fig. 8 OPLS-DA scatter plot for triterpenoid acid 0.998. 0.923, “FIJAHMLES 0.931; 13 LAl
components (MS1~MS13) a8 REFIARLE 22 5108 0.994
4
o 2
M P 8 1o 11
JLJUIT,,J&_A,, NN A 1A2 SR
. . : e ‘ -2 A 513
doams hoore oo b A 512
- . Apasrl .? p. A WA A S11
. U U VNS Y ¥ S0
. LW e : A Zg
. b ” s i 7
) N VU SO WO POV SO W
. LU ) WUPL VOV BEY ¥ S4
i PN YRR i - : S3
. | Jo i i e S
4
R Z 5
] 1 3 7 9
S I W a 3 Ms13
: \ e e A MS12
: S e : MS11
[ e e T e
- I UG PO Y O SO S v
l N\ F NN VARCARUION UPRE VNN N S
: I e e S
[ 1 corens : : MS6
L1 T
%{._ L_..Mu . MS4
Avad Anasa et :
. VS W Sy =
- A ey A MSI
0 5 10 15 20 25 30 35 40 45

t/min

10 MBI RANE R @ h BB 57 R R EIEZ 26 5> HPLC R4 EiE
Fig. 10 HPLC fingerprints of organic acids and flavonols in raw EF and honey-fried product
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0.961. 0.940. 0.976. 0.992. 0.591. 0.874. 0.986.
0.991. 0.985. 0.989. 0.994. 0.954, “F-JHLE N
0.941; &5 R WA R = Ho AR - BT 25 Bl 2 3 AR —

(2) HCA: 18 SPSS 26.0 #f:, PAREATHA:
ai P 5 I 11 NI I AU, RHA
() Byt /T HCA. B HCA i 2 (& 11) ml 41,
ERRAE P EE B K B UIE] (FEEEE 20N 10 1
AP BD, R A AR ATy 3 2K, RIS
S6. MS6. S7. MS7. S3. MS3. MS13. S2. MS2.
S13 TA—2%; MS8. MS9. S8. S9. MS1. MSI10.
S5. MS5. MSI1 EAN—; S1. S10. S11. MS4,
S4. S12 EHN—%k.

KA

5 10 15 20 25

S6
MS6
S7
MS7
S3
MS3
MS13
S2
MS2
MS12
S13
MS8
MS9
S8

S9
MSI1
MS10
S5
MS5

MSI11
S1

= 0|

F12 INERSEFRSHEEMS ETTEE
Table 12 Eigenvalues and variance contribution rates of

three principal component factors

EHOY  RHEE T ETERE/ % BB E TR/ %
1 6.815 61.952 61.952
2 1.310 11.910 73.862
3 1.159 10.535 84.397
8
6
o
= 4
pod
2
0
0 2 4 6 8 10 12
TR HH

12 BB R REEF LR S PCA t5A
Fig. 12 Scree plot of PCA for organic acid and flavonol
components
R 13 HEEENERSIERESTER

Table 13 Component matrix analysis results after rotation

S10
S11
MS4
S4
S12

B 11 BB B R EEF 2L 7 BB 3 AR

Fig. 11 Dendrogram of cluster analysis for organic acids

LHL‘

and flavonol components

(3) PCA: LL 11 NILAHIEEMA ST
PCA, 3FAEGHMEE N 0.745, BEMN
0.000, LA BRI RFIEAE K 7 72 DTk Z A S ide B 32 ik
I o DURRAE(E > 1 obsfE, $2EUH 3 AEK
55 (PC1~PC3), RAFZETTHRZEN 84.397% (K
12), SiawrRE (B 12), £HFEREHIT 3 AN E
Ji 53 AT CARAF AR - (1) BE R AR AIE o AR e 2% i 1) Ak
SRR TR (R 13) K, 1. 2. 3. 4. 7.
8. 9 MEMAIHMERCR, JUHZWEE 1 (0.931). 8
(0.906). 7 (0.898), FHIXLLAZF X 1 I TTRR
RK; W6, 104 11 fERLSY 2 FAREME, JU

o %y i R HE

PC1 PC2 PC3 PCl PC2 PC3
1 0.931 0.147 0.039| 7 0.898 0.089 0.056
2 0.765 0.241 0380 8 0.906 0.344 —-0.005
3 0.895 0.191 0.259| 9 0.860 0.294 -0.246
4 0.845 —-0.139 0.186| 10 0.545 0.637 0.050
5 —0.041 —0.049 —0.940| 11 0.007 0.927 0.073
6 0.654 0.426 0.472

FRUE 11 (0.927), sy 2 DTk, U S 78
5y 3 BRI AT (—0.940), RIFUE S Hik
gy 3 RURZUM AR . 15 BIHIFEE A A I A
0.745, WEMEN 0, WRIE SIMIC #fF, 53355
B0 E (B 13), RA1]1=0.620, F£rE 1 ERR
BT 62.0%M77 2 R2X(2]1=0.119, FRE 2 FH

31 @ s1~S13
1 B MS1~MS13
] 0
_ ] [ @
S ] N %
17 Folo .
_3 .
-8 —4 0 4 8

t[1]
13 BHBREA ST R REEFLR S PCA F5E
Fig. 13 PCA score plot for organic acids and flavonol

components
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fERE T 11.9% 77 22, 2 D E R S LMERE T 73.9%
(772, XRWREIX 2 A RGeS R AR IR
SR EHE AR

(4) OPLS-DA: 7£ PCA [F3EAt Ff# ] SIMIC
14.1 BAEHEAT 087, 357 OPLS-DA #7Y, LK 14,
AR A HTIGIESET A, R2x([11=0.12. R*[2]=
0.697, & W AN 7] 7= Hhu AL AR P (10 2 M i AT — 52 1)
Z5t. LA VIP>1 Nbnife, 3A52] 2 MrEZERY)
(Bl 15), %8 VIP [ R/MRICN 1 56 Chrgt)s
). 3506 (ZRIERD.

6 @ S1~s13
B MS1~MS13

to[1]

t[1]
14 BB R ABIEZE A 57 OPLS-DA B <&
Fig. 14 OPLS-DA scatter plot for organic acid and

flavonol components

VIP[1+1+0]

_l B - —_—

IEOQ UE8 WES W1 UET WE10 UE3 W2 IE11 IE6 Vg4
var ID (primary)

E 15 BUERERS REREEEEMKS VIP &
Fig. 15 VIP plot for organic acid and flavonol components
23 MARBEENE
231 KR O BEAE I E SR S5 R WERIE AN
D65; MMM 10°; MEFLAE 8 mm, 7ERIEL
NEELLNE 3K, WCPIME, 4R WK 14,
232 ik

(1) FE% L. B S8 PR RiGE, %R
“2.3.17 WUNJ7i, EEE 6 X, id3x L a*\ b,
i3 L a" b") RSD 735114 0.07%- 0.43%+0.37%,
RIZA NG T R AT o

(2) faE %5 QS8 MkiEsE, [ 1dWT
8 :00~18 : 00 £F% 2 h ME LM, &L 3R,
MAS L a" b RSD 43 5114 0.42%-0.94%+ 1.14%,

F 14 #HIEMHMREEENESER
Table 14 Determination results of colorimetric values of

EF powder

e L° & b° Ew|fm L° d b Ew
S1 51.21 —1.16 24.85 55.97|MS1 38.36 2.67 21.23 52.88
S2 4891 1.76 24.09 54.33[MS2 50.09 2.87 27.38 57.23
S3  47.81 —0.08 25.97 53.55[MS3 42.39 4.10 22.83 48.45
S4 5224 —4.34 30.33 59.79|MS4  46.59 —0.86 27.80 54.62
S5 51.96 —2.18 29.64 59.22/MS5 51.26 0.31 28.26 58.19
S6 42.19 3.8925.5049.47MS6 44.42 5.22 25.56 51.04
S7 4588 3.28 25.70 52.47\MS7 47.80 4.3427.08 54.98
S8 49.38 —1.96 24.59 55.19|MS8 45.40 3.62 22.17 50.22
S9 51.59 1.2526.18 57.88|MS9 44.45 6.07 22.34 49.45
S10 53.40 —0.98 25.65 58.88|MS10 48.15 4.64 24.13 54.10
S11 49.29 —0.26 27.29 55.64|MS11 43.52 4.62 24.21 50.05
S12 53.64 0.91 26.95 59.44/MS12 4598 5.02 25.64 52.89
S13 51.52 1.12 25.50 56.89|MS13 43.58 5.04 21.15 48.66

KRR EE R

(3) EEMHLE. IS8 MM RER 6 M,
M “2.3.17 OURN vk, B ERNE 3 X,
Wk L' a's b, 45 L*. o', b"H RSD 25K
0.12%- 1.02%- 0.16%, FKIHZIEEZTE R,
233 GEESHEBSS RS R IR
A S 7 L€ 5 P 7 b 2 ) R B R, AT 9l
ETRERINEGEE (L o' by E'w) K 8 Fh1E
ARy, R SPSS 26.0 BAFX S
AR & BB AT IESER R, SRR
15, FrERLIH i) P>0.05 A 1% 738 & 1 EEE i
MIEZS I3, 80T LSRR R HMH 2 R 2 (Pearson
correlation coefficient) #BEAT T AT, XFANIE

F15 ESMHKEIEERE
Table 15 Results of normality tests

o MERkE B UR 5
ol Dkl (v
it EmE BEE Gt BoE DEN
L 0.119 26 0.200 0.963 26 0.447
a" 0.119 26 0.200 0.952 26 0.253
b* 0.122 26 0.200 0975 26 0.763
E’ab 0.104 26 0.200 0.949 26 0.223

AR 0162 26 0.077 0958 26 0.345
REPZREZ 0106 26 0200 0966 26  0.528
FHEER 0.200 26 0.009 0928 26 0.069
REEEE 0170 26 0.053 0931 26 0.080

#A AR B MBI,

# is a significant correction of Riley’s.
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7= AL AT P 93 2 €8 A RN A R Bk AT A ok
P BT, 5 WK 16 FIE 16.

A E B R AT A, BB Rt
BEE 5 RO & B AR . A 4t

*16 BEESHEUMSSERXIMER

Table 16 Correlation results between chromaticity values and content of active ingredients

fob B R AH R R E
L a’ b* Ea IR BIYRR FHAR BRR NSER SER REER Sk
L* 1.000 —0.671" 0.670" 0.883™ -0.332 —0.208 —0.432" -0.625" 0.517" 0.460" 0.188 0.581™
a* -0.671" 1.000 -0.624" -0.760™ 0.329 0.171 0.462"  0.558™ —0.606™ —0.626™ —0.394" —0.566""
b* 0.670™ —0.624™ 1.000  0.746™ —0.104 0.193 -0.118 -0.300 0.408"  0.252 0.338 0.385
E*ab 0.883™ —0.760™ 0.746™ 1.000 —0.223 -0.014 —0.283 —0.545" 0.603™ 0.543"" 0.316 0.718™
WitEEg 0332 0.329 —0.104 -0.223 1.000 0.846™  0.815™ 0.759™ —0.026 0.036 0.190 -0.024
R %R 0208 0171 0.193 -0.014 0.846™ 1.000 0.854™ 0.744™ 0.138 0.133 0.452" 0.200
FIEERRR —0.432° 04627 —0.118 -0.283  0.815™ 0.854™ 1.000 0.882™ —0.090 —0.071 0.206  —0.057
REmE  —0.625™ 0.558™ —0.300 —0.545™ 0.759™ 0.744™ 0.882™ 1.000 -0.190 —0.177 0.152  —-0.269
PR 0.5177 —0.606™  0.408"  0.603™ —0.026 0.138 —-0.090 -0.190 1.000 0.916™ 0.764™ 0.863™
SRR 0.460" —0.626™ 0.252  0.543™ 0.036 0.133 -0.071 -0.177 0.916™ 1.000 0.798™  0.846™
Rasg)El:  0.188 —0.394" 0.338 0.316 0.190 0.452" 0.206 0.152 0.764™ 0.798™ 1.000 0.656™
4otk 0.5817 —0.566™ 0.385  0.718™ —0.024 0.200 -0.057 -0.269 0.863™ 0.846™ 0.656™  1.000
‘P<0.05 "P<0.0l.
I
E'w
1A R
FrERER
B ER
P2k SRR
SUMIT |

ST
¥ N ¥
&8 & »

B OB 8 &
wOK g K
B O I B
& i

16 BEESHIRSSEREXMERE

Fig. 16 Heatmap of correlation between chromaticity values and active components

FORIEMAR, EERRIMEG, BB, M
MR, R LMEAMRGEE B M5 AVRER S
CHrat R R SRR & 2atkir) ¥R BT M
(P<<0.05. 0.01). IXFHFE M EFMR, Q%
K, HAMBRES M EAAESE. RZ, L
5= RS (R, R 2
BFEAAMIE (P<0.05. 0.01). ALHOF (a*) ZX
IR S B R bR . S =R S
2. BIPRBMSEZIEMAR, S55EERMER

it 5L 55 35 IEAH ¢ (P<<0.05. 0.01), T 55T A WL
KR B U OC (P<<0.05. 0.01).
X RS T R B, R A R i
7 B LM NRE, oS5 pHE B RARER, e
H B2 R AR ) PR AL I B AN A
Dl =RERRIELS IR SR 5 A LR S5 AU 1 3 1)
Pt R 2 TR IR A R, BT LR EE
FHOAE, IAEEERE I —FPud. TEi.
o PRI B 3 AR ) MR % 5
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3 it R AL, AT B 0K = ih RIS . MRS &

3.1 BIERMGIEE

TSI T =% R 2 143 LA S A LR KR 2 Tl
Ko AR S 2 PE AT 75 %%, s 5%
BT LIE-01 %R AKIE R~ LIE-0.2% B R K R
L 50 4% FRAKIET . - BE-5% IS BR A 1 T
B & =SS R BIAE R & - HR -5 % i TR
W AW UBR SN 3 IR B 288 1 43 BRI BN AR 2 -
0.4% T R KW W« i AE 2> il 5 82 T Ultimate®
UPLC XB-Cs 0154 Cortecs® UPLC® T3 i 4+
ECOSL Cis (A #E. Agilent 5 TC-Cys tailifE, &
T € =B BRI 4> KA Cortecs® UPLC® T3 o4+
(100 mmX2.1mm, 1.6pm); HHLERZEAEEHHEE
ik Agilent 5 TC-Cis tAi4E (250 mm X 4.6
mm, 4.6 pm). A fil g R R B ) (H
f. 8. $EEUNE (30, 45, 60+ 75min) HEfT
5L, RIFEDOA TR PR Ol 2 R A K,
PEHUAF A4 60+ 75 min $2HURCROET 30, 45 min,
HZHMEAKR, HekHPESE A 60 min.
3.2 FEEESFHERIEFRRTEIL

AW 5t K AHP-CRITIC V& & InkUiZ45 4 BBD-
RSM AL T2, HA& R 772403 . AHP %
REMRBGE, WHE L K AW e Tabr 2, 3
HA N 5 RIEED); CRITIC VN B MIRALE,
TEE AL SR R AR E VAL R AR, TS
EN0, AR A A ] eI U A B S B s 2 R
P, (FILAERR . R MR SRR, &4
P S LR S 5 B2 R 73 A = 43 e S R & 3,
AT B 4T S R %2 1 73 B [

RefEm, HAEMIE ., ATERR . BRAAE
Z 0 HEAR I = 2R SRR A LRSS AT
Ay, priadh. FBRmpEsEEmEI=17, b, 1A
2. FIPRER. R8RS RIS = iE i 2t
FEJRE. et S Ak HT . HE APt eb &L EAR
WA, HA R KRR, CBCOARERE MR &P
WM HIAZCFEFRIOL HEAE & 2 =G B, £
MEWREZ MmN, BAdiR. prdath. i
PEPRE . FEIPE. MG SR & 2GRN . BERIR
R BRBA S EE. ¥ CPEZH) 2025 FERIK
B, ONHE., AVLRBWSIERR .. ek, R
SRR R A BB RLO, FrAMPY AR LRI i 1122,
HERAREARR ST S ER W, TN ERAE
JREVHNFERRZ). 5 DR R Z /R TR — 2R

FEREESE 3 R RPN TR R X — A5
WG Z s, ZHAERRR S, BB
S A I R A Ry () B AR AR A . E
FEGENI EBETE S (SRR 5 AT e 251
CANER) BRI mE 5L, NI INE: S BT
2 AR T B VAN R AR TR ) LR AN TV
33 EitHEH T ZS8EL

AHFFLWEE 13 DAE = H77R4E 3 #EL
HEAEHALREAR, ARG T et
HEIME, N ARSI T 2 Hosha
Hl SR, AR S S AT E 3 R, DAtk
IRIE] RSD<<3%fMfiA B I, I & T 2% HEvE
MR HEARSE (PEZHR) 2025 FHR0 T
CEREAEATHE T o Pl B[R] 3 T SRR i SR B
APPSR, f£2h EFREAT, &M 1.0,
1.5, 2.0 2.5+ 3.0ho Xf FIOHIEEAKFRIRE, S
27 MRS N IRERAE 140 C L FRE AT, %
SEN 1004 1204 140, 160, 180 CHRHEZ: )T 2811
SEES R U TS M ], PL 10 min B R E K,
PEN 8. 10, 12, 14, 16 min. BT — R 15256 £
LI T ZSHONE K 12 1.06, RBHELE 2.0 :
1, [&iE 2.5h, 157.9 CHHHfil 11.1 min, &KUFIZZ
BAAGRENAT, FEEFLPR, AEAMTEIE
P T2 AT .

AT RN, B 2 = HERRE
BT AR B R BUEINR” 1
SE VAU, HOZ IR AN AN 32 S50k} 7 th 22 ¢ 5
Wi, AN ESRISAERE I« [REMH)” S2 6t 7y
WA o HET IR ) “ Beor-TIR 7 R A A R ARl
ZH, R MIIETEIERE, BT &R
fil AIHEST B TEAERAE, e RO IR A R
B PSR ZE R, s R AL LR AR
T EMIbR A SR Be A R R BE 58 T i Bkl
3.4 W ENEBRE X AR A E SRS (LA

AHE RN = ER I« A AL AN B T
KWFRLUEE, Ioanibre 1 12 f 11 AN ILAE,
FRINH R 8 Mgk, RIVE R B STE 7 min
Je A B —ANETE, AT RE AL AE AR S AR R
By, AR . M SRR
B E T, R RE S I S IR AR A A
TRIEEE AT = HERR K AR BN = iR va M = i
BRI A G Wi B =i R AR 9 1R b 4 1) 20
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PERG Sy, FHIEINy %K B % DR
TR, ARBLT “HIRIBhZ) . MG KR
I

BHUR K SRR o & s R, EEH
HARF M, SEmadfEhate. ;s F,
HPT O g IR BRI 5 Ik 5 5 W B T R B .
iR A 9 A s B OB FEAAB U, 3 BSR4 ek
BUE T A X R A AR AR B,
ERIRHREE MY AR, ST T AR
RO E M A, AR S B . 2 St
Mrimas, ASEF= KR A B AR 22 R N,
LB RS TE 2 TR bs DRIV, Wkig A T
SRR TR B R, RE®™
HORE S E A U At B AR R, (AR A
P02 B  BEARARL, A B IR P 3 B Ak 2 B Gy
o HHUERT I, 2 5 M A% O LERIE Td@ad “i%
BT RBNAR SR, X EA R A R BT A8 )
ek, TARHOBUERHR R E IME S .
35 BEE-WEFREESHRISBEUHNELRE

MU T Re 2 FEURAM LA AE. R
Ak, e SRR DI, BEES T
VER—FpbuE . B AIPEIR RN 3%, AT 4 B b
ZRA I8 — 1 B J R EES-29) PRI, AHIE T B IR
B APPER I B f e br—— B (LS o B
5 WIS & AT S T . R
5w m R R B, 5HVIR &SI
HERENA, X8O B
DRAUZE— I AR A, B8 L P B =i R 2 i 7
s, AHUER R I AMERAE . IX R ER LR
L EARIVRR R AR LRI I T iR it T R s R
SRR, AN T SR A e R

22 FRTIR, AW LRI T R E A,
AN R R AT I 3 5 R B R B AR AR SR R AR T R
PRFEFRFIVEOT SRS, BT R FH A 72 S8 i 5 T 1Ak
Z U0 AHP-CRITIC Il 2 Ie S BG4 & 102
THE S - bR S 23 B 75 a] Jy H A mp 24 4 1
TEZMAEREHN A 4.
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