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Optimization of ginger-steamed Amomi Fructus kernels process based on AHP-
entropy weight method combined with Box-Behnken response surface
methodology and fingerprint study before and after ginger processing

CHEN Wenyi!, MA Enyao? 3, ZHOU Jinsong?, YANG Shihui?, WANG Jinyu!

1. School of Chinese Materia Medica, Guangzhou University of Chinese Medicine, Guangzhou 510000, China
2. Guangdong Hanchao Traditional Chinese Medicine Technology Co., Ltd., Guangzhou 510360, China

3. Guangzhou Pharmaceutical Cai Zhi Lin (Meizhou) Pharmaceutical Co., Ltd., Meizhou 514000, China

Abstract: Objective To optimize the processing technology for ginger-steamed Sharen (Admomi Fructus, AF) kernels and establish
UPLC fingerprints before and after ginger-steaming. Methods Using the contents of volatile oil, bornyl acetate, extracts, 6-gingerol,
vanillic acid, epicatechin, and quercitrin as evaluation indicators, the combined AHP-entropy weight method composite weighting
method was employed to determine the weight coefficients of each indicator. Combined with the Box-Behnken design-response surface
methodology (BBD-RSM)), the effects of ginger juice dosage, moistening duration, steaming duration, and drying temperature on the
ginger-steaming process of AF kernels were investigated to determine the optimal process parameters. UPLC fingerprints of AF kernels
and ginger-steamed AF kernels were established and imported into the “Traditional Chinese Medicine Chromatographic Fingerprint
Similarity Evaluation System” (2012 edition) for pattern analysis. Chemometrics was used to compare the differences before and after

processing. Results The optimal processing conditions for ginger-steamed AF kernels were determined as follows: ginger juice
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dosage 15%, moistening duration 3 h, steaming duration 38 min, drying temperature 60 ‘C. Comparative analysis of the fingerprints

before and after processing identified two differential components, which were ranked by variable importance projection (VIP) value

as peak 6 (vanillic acid) > peak 8. Conclusion The optimized processing technology of ginger-steamed AF kernels is stable, reliable

and reproducible. The method of UPLC fingerprint combined with chemometrics to screen quality difference markers before and after

processing is simple and convenient, which can provide a scientific reference for the quality control and evaluation of ginger-steamed

AF kernels.

Key words: ginger-steamed Amomi Fructus kernels; analytic hierarchy process; entropy weight method; Box-Behnken design-

response surface methodology; processing technology; fingerprint; vanillic acid
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Table 1 Information on ten batches of Amomi Fructus

samples and Zingiberis Rhizoma Recens sample

s it 77 TR

SR1 230901  J ZRPHYL J M THAREH R A AR A
SR2 231003  JUARBHIL JTMIdTHRIE R H IR A F
SR3 240103  JUARBHIL JTMIdT AR H IR A F
SR4 240803 =R TTHITTHIE R H IR A F

SRS 250101871 =Rl AR RESE 25\ A= FR A H]
SR6 230900641 =R AR ESE 2\ A P A BR A H]
SR7 2570101 =X [ REZEZARA A

SR8 250101 JTHRBHE T RPRHZE R A A
SR9 250401 JARBHYL Wr g sh e AR A TR A F

SR10 GX250101 =Fg3CI J L R HARB AR A A
k% RS NS A R
2 FAEEHR
2.1 HREHE
2.1 EIFMHIE CBAREE, R, K&,
EMERGT, ZEFIKEREEZEE 1K, &It
W, BN “Zit7, HlEZE S5AEZENHALL 101
NE, B 1 kg fAEEIRET 1 ke,
2,12 ZAEMAKMMEH AU RS (SR1~
SR10), BrEREMEWN, R K (SM1~
SMI10), HZEVTHEE], i E TR, 78,
Bk ZE B AU, BUH, T8, RIS ZREDIK.
S8 EMN T A2 m k) B, 1 kg #M-
FAE22 0.125 kgo FES SM1~SM10 22415 23 %t
% A ISM1~JSM10.
2.2 EZFRRKBRETNIEFRAVI T
2.2.1 GC kil QB el &5 M (R E 25 0)
2025 FRRISAZT0R LB IR 7 &l E

(1) XFHE VAR ) . RS2 FRIEN R e i T
RS 16.146 mg, BT 2mL &M+, IMATLKL
P 1) B TR RN B o BV B 7.981 24 mg/mL 1)
Xof B S VAR o

(2) B S VA I ) £« B 8K R Gt
=5 41, WERE, BREHVHY, K
TOANTEK 2.0 25 mL, #%E, FREiE, @
(Th= 300 W. 40K 40 kHz) 30 min, HUH, 4,
TR RN IR AR &, RE5), JEid, HUsjE
W, RIS

()it %4 DB-1 B4IEH (30 mX 0.25 mm,

0.25 um); FEi 100 C, HEAECREE 230 C, A
% (FID) ¥ JE 250 °C; Aty 10 1 1. AEigE
K.
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Fig. 1 GC chromatograms of bornyl acetate reference
substance solution (A) and ginger-steamed Amomi Fructus

kernels test solution (B)
2.2.2 UPLC ERARER . M. RILEERM
TE

Q1) S5 HE AR IR 1) %= 93 TR 26 PR B B
F LA R A X TR 8,624 16.202. 4.096 mg,
BT 20 mL &IEH, I 70% LB RS & R -
LA F A 1 T B IR EE 43 1) 430.94. 807.67
196.20 pg/mL ¥R & X e VR

(2) BB R S AR F =5
i) £50.5g, FEME, BRIEHS, K%
A 70%. 5 50 mL, FR0E B, IFENRSEE 2 IR,
B Lh, J4, FRREFE, F 70% G E Ik R
i, R85, B, KRl EH, BERG =T,
BRIENN 70% CBEHEFE iR, TR S mL 2
i, GRS I 70% CEERBE R ZIRE, RRA), JE,
HR SR yE, BPAHE ms R

(3) tBiltsetE: kAR Waters Cortecs T3
(100 mmX2.1 mm, 1.6 pm); JRENH A L HE-0.1%H
BRAKVAW, BREEVENL: 0~20 min, 2%~4%Z.JE;
20~45 min, 4%~18%Z.iE; 45~50 min, 18%Z.
JiE: ARFURE 035 mL/min; AEIE 30 C; #EFEE 1
ul; A K 260 nm. 3% LA 2.

(4) MR AMFLE: RKIKRER “22.2 (1)”
TR VR A5 IR SAWR 0.104 025 0.504 1.00. 5.00
mL T 10 mL 2HH, I 70% £ EER R Rl R 5k
JEE FRTR A T I SRR IR VR. H2 IR “2.22 (3)” TF
(LT 25 A IEAT I 5, DA L ol ol 9k B S R AL b
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# UPLC
Fig.2 UPLC chromatograms of mixed reference
substances solution (A) ginger-steamed Amomi Fructus

kernels test solution (B)

(X)), WA NMALFR (V), JEATEAERIE, 1550
AR5 BN R Y=9 420 707.94 X—8 121.23,
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HRE Y=716629.00 X+4771.4, R2=0.9999, ik
7l 8.08~807.67 ng/mL; it Y=8 098 817.20
X+6875.61, R2=0.999 8, Z&PEVEH 1.96~196.20
pg/mL, ZEHREH 3 MR LERRRLT
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S5 2 R RN T R
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Wi, 739 FH145 )5 04 24 4. 6. 12, 24h, %[ “2.22
(37 WU G AT AT INE o THEFERERR . RILS
R W E I TRIAR RSDE, 4378 0.31%. 0.57%-
0.76%, RSD {H1/NT 3%, S 45 52 B A i v
TRAE 24 h NAREE R IF.

(7) EEMHRE: HERNEEDLKHmAEK 6
Uy, $% “2.2.2 (207 TR 75 AR RIS 6 s
% “2.22 (3)” TR il AT 0 0. A
FR VR LA E M 2 & RSDAE, 4 18 1.45%.
1.88%- 1.73%, RSD H¥J/NT 3%, L4t R&
L EEER .

(8) JIFEECRIG: B A& EEE K
R 6 13, FEBEFRAE, 20 AT R S &, $4¢2.2.2
(2)7 TR J ik 46 Z 28K I 6 1, F

e “2.2.2 (3)” TR EAREKAFHAT . HEERE
B RILEE MR IORE S % )2 RSD 1H, 45
SER IR R SY N 99.80%- 98.62%- 100.26%,
RSD 4354 0.19%. 1.93%. 1.22%, RSD {H#)/M T
3%, SEERZE SRR IR IR S ER
2.2.3 HPLC &l 6- B E S &

(1) S5 HE S AR IR ) 2% . R B AREN 6-22 BT
ME L 2.550mg, BT 50mL &3, A 70% 28
B Er 6-Z2 B R BRI FE RN 50.64 pg/mL X R
ST/

2) KRR IS &: [ “2.2.2 (2)” TR
Jiike

(3 i 5%k AR A Ultimate ODS-3(250
mmX 4.6 mm, 5um); FRENHH A ZHE-0.1% HF B K
W, BREEVEL: 0~10min, 45%Z.0%: 10~15min,
45%~48%ZfiE: 15~17 min, 48~60%Zfi; 17~
30 min, 60%ZME: AR E 0.5 mL/min; FHiR
30 C; #EFEE 15uL; RNV K 282 nm. i ] UL
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Fig.3 HPLC of 6-gingerol reference substance solution (A)

and ginger-steamed Amomi Fructus kernels test solution (B)
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TR AR AT 0.1, 020 1. 2. SmL BT 10mL
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PEEATINE , DA RE o Sk BB AR bR (X0, U
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6-E P ERLE 0.05~50.64 pg/mL 5 BIKE 5K THIAR
ERFEHEXR.

(5) FEEREHE S WA —Z AWK s
W, %M 9223 (3)” TH ik K AFIELNE 6 K.
5 6-E B R IG AN RSD {H, 458N 0.99%, #&
AN A 2 B R

(6) FaE MhilE: HUA —Z 28 R
W, A THI4E G 0. 2. 4. 6. 12, 24h i, %8
“2.2.3 (3)” U N AR SR T I E - THE 6- 2B R
UEE T A RSD BN 0.82%, R IR S RAE 24 h N
et Rt

(7) EEMRE: BERPEEE KK 6
By, ¥R “2.2.3 (2)” TR IS AR BT 6
U, FHERR 9223 (3)” TR AR & AFEAT b
THEAF 6-Z R TTE B RSD N 1.45%, 451K
Wiz kR R AT,

(8) INFERIGREE: B k& B ZE K
MR 6147, FEME, SR BmiEE, %R
“2.2.3 (207 TR 7 i 46 2 28 MK A A VA 6
By, FHIEIR €223 (3)” TRk T T .
THE 6-Z B IR J2 RSD {H, ~F¥mttE
WH K 99.52%, RSD N 1.13%, FHIINEE R R
HER
224 BHHEWEENE  $HBKEMWR B E
% (R EZG ) 2025 FERRPUERIEN 2201) TR
PO LN 5E -

225 HERMEENE ZBERMWNEZE ((h
25 8) 2025 FERR VY@ N 2204) PE

2.3 FEFEEM KN IEFRAERSL

2.3.1 AHP #iE SHEbr EMAE K5 (w7 B
TABLE ) AHP, & — M £\ R W & F8br 1 ik
i ) 3 A R B SR OTVEDY, BRI T 50
AN FEHEAR B A I000, SRy 4 SRS AR
MR K I 7 )5 25 FR R A28k, A8 vt b
IOLSEFIBTRE R, IFIR T & TR AR A P55, 45
RN 2. B2 HEREFERM . LBRIENES
6-EHiE . T WEE. RILER. HFEERM
W 4y 328 0324 0.324 0.12. 0.05. 0.02. 0.02. 0.01,
—E 4 Eu{H (consistency ratio, CR) 4 0.026<<0.1,
BB AR S LB i AE B B T e i — Bk, SR75
R/ AR

232 WBUEME R MBE R (W) EGERZ
— P TS B A IRV, it S — 4R AR

®2 ERWEEFTS

Table 2 Expert evaluation scores for various indicators

156 B A e
B e Zﬂ;‘f ;%; B g ZQ i
i 1 1 3 5 7 7 9
LW eRlE 1 1 3 5 7 7 9
6-FHH 13 13 1 3 5 5 7
beduty| 1/5 s 13 1 3 3 5
i Bz 7 1715 13 1 1 3
FILKER | Wi/ Vi A VE S V) 1 1 3
HHR 9 19 17 15 13 13 1

AT PO AU, (5 EEK, kN, XN
TUBRROK, B R BGOK . XF & TUEE AT R AR
WAL (Y. T4k (P HFEASER (Ep, Wa
THEAEI SRR wet,
2.3.3  AHP-JAUE S & INBUETHE 256 B H R4
(wp)  #RE R AHP AR AGE 2 Bl E AR 222
WA KRR R R 2R TS . 6-2 B K.
BHY). M. RILER. FER 7 MERE
MBE RE W I IACE R W, iRIE 25
BE RO E AL EA RSN ERD .

Wi=WiWrIL -, Wiwe
234 ZZEVEOUE UMES T RMNEGES, It
BRI,

ZE A 4 = WY1/ Yimax + WaYo/Yomax + W3Y3/Yimax +
WaYa/Yamax =+ W5Y5/Ysmax+ We Yo/ Yomax+ W7Y7/ Y7max
Wi~ Wa 53 BIRFE R ZRREIG . 6-LBEE . . il
Fetf. RILKE ., FERMESHERE, Vi~ HEIEE
PO LE B Yimax~ Yomax S35 FE65 BT SIE o AR AEL
24 WRFZRIZBERZER
2401 FITHEHZE BWM K, AT 540, &6
150 g, FFEREED AN 12.5% 15.0%- 17.5%-
20.0%- 22.5% 2231 HE2], FeliE 1h, REESSHREH
ZiM B TR 78] 1 h, 285145 RN 60 CHEFE T
o RIESE G, ANF 2 & RoiE R SR TS
T, BEACRL R RS %4 22 o 7EAH R (4 fel i
B R, & 20.0%. 22.5%M227 B R, K
EETRA: HE 12.5%. 15.0%MZ T L,
15.0%5 12.5%AH LR , PR ARFR - ] 4 5035018
I HE 17.5%KZH PR aRS, BukEEt
FEAE 12.5%~17.5%3E47 fa B2 e B i LAk 1 .
2.4.2 G KER  HEMK, PATS M, B
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150g, IIRESECN 12.5%M 275, 1liE 1h,
el 45 TR K 2564 B T A 0 il 2% 0.5 1,04 1.5,
2.0, 2.5h, ZEHIGHTAN 60 CHATTHR. Kiahs
BEMESRNE 3, BARVLGZEVETNE 4, 556
PPk, Z8H) 1L.Oh I, ZEE TP iR, Z&H
LOh JEHIFEE, SR VP T FEECHI G, 2RI a] ik
K, SR RN AL AT BE 3 B0 ROy 32 803
fifto WOEFRZHIKAE 0.5~1.0 h FEAT J5 LA B
(IR AT 8
®3 EHKZIETRNERY

Table 3 Weight coefficients of each indicator for steaming

duration

F6 HEIKBERERER
Table 6 Results of single-factor investigation on

moistening duration

Ji & %

il b
ko s ST OF e T sum
Wi K
1 2.88 1.58 0.004 21.62 0.010 0.053 0.048 80.60
2 2.85 1.53 0.004 21.75 0.010 0.055 0.046 79.49
3 3.04 1.69 0.004 22.06 0.011 0.056 0.045 84.21
4 2.77 1.58 0.004 22.01 0.010 0.053 0.047 79.70
5 2.70 1.51 0.004 21.44 0.010 0.057 0.047 77.52

bR Wt wWe W fibs Wt W

R 0.320 0.150 0.384{#tZ#H  0.020 0.140 0.023
BRI 0.320 0.140 0.371|F JLEEE 0.020 0.150 0.025
6-FHE  0.120 0.150 0.149|FEEZ  0.010 0.130 0.011
= 0.050 0.140 0.058

T4 ERHNKBRRERE

Table 4 Results of single-factor investigation on steaming

duration
)
A 6%)} M\ﬁ L A
Km ERHW Ry WEE | FER 2%
il HE RE

0.5 2.8 148 0.004 22.19 0.011 0.061 0.050 82.20
1.0 292 141 0.004 2097 0.010 0.063 0.049 82.36
1.5 283 142 0.004 21.91 0.009 0.059 0.052 80.91
20 273  1.60 0.004 21.64 0.010 0.054 0.055 80.73
25 277 146 0.004 20.69 0.010 0.047 0.053 7835

244 THEREEFESE BEMK, AT 36, B
150 g, N ESECON 12.5%MZ7 1451, 1iE 1h,
PE S AR 2R B T AR 1 h, AR R
AITAN 40 50, 60 CHAE T SEtnE AR
GERWER T, BARVGEVFTE R 8, WK 8
ALEL, FRRIEEN 60 CH, ZEaPFrik,
HIJE SRR S AR ARG TR Y 60 C o
®7 FTHREERETNERY
Table 7 Weight coefficients of each indicator of drying

temperature

L WP oW Wi | ¥R oW W W
R 0.320 0.140 0.371|# & E  0.020 0.140 0.025
ZER NS 0.320 0.140 0.371|3 JLACE 0.020 0.150 0.023
6-FZHE  0.120 0.140 0.139|FEHE  0.010 0.150 0.012
2 0.050 0.140 0.058

243 [RENKERE PR, AT 54, B
150 g, IS &SI B0 12.5% 1923650, 4371l
1. 2. 3. 4. 5h, [REEEHERZH B T8 P 25
1h, ZEHIGEHTAN 60 CHAETIR. FIRIFE AN
HABEERIE 5, FKTEEHD K6, HEK6
WL, gRe PP ETHE TR, RE 3 hi, kG
PR ROR, L PR LR AR 2~4 h 32475 22 i
oz T e A B
x5 RIENKZERNERY

Table 5 Weight coefficients of each indicator of moistening

duration

LA WP W Wi | BBk W W W
R M 0.320 0.140 0.358|# &  0.020 0.150 0.025
BRI 0.320 0.150 0.398] % JLAEE 0.020 0.150 0.025
6-EPE  0.120 0.150 0.149|FHER  0.010 0.130 0.011
= 0.050 0.140 0.058

*8 THREEBRERZTRLER

Table 8 Results of single-factor investigation on drying

temperature
WS %
i ;EM/ TR L
HIC R B : R%
FEIC ¥R Wil B rx BER

40 2,67 148 0.005 21.09 0.009 0.057 0.048 79.01
50 285 138 0.004 22.62 0.010 0.061 0.054 79.88
60 277 1.54 0.004 22.20 0.010 0.056 0.050 80.93

2.5 BBD-RSM it ZZ MK ERHTZ
251 fEER S EIMES R ARYE R F R A
B, I HE (12.5%~17.5%, XD Z&HK
(30~60min, X>). [l (2~4h, X3) NEHE
i, MM RZBENERN T MEEREWRER S
PR RAR B ZRE T AR AR R, Horme 5[ %
FRbR & G 5 B FIRE W3R 9, M4l BBD K%t
JREE, BTt 3 RIER 3 KPR SRR, HAA T %
HaER W 10.
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Table 9 Response surface indicator weight coefficients

ks Wi wE Wi | dER W W W

R 0.320 0.169 0.430|# &z #  0.020 0.112 0.018
LW TEilE 0.320 0.124 0.316)% JLA5% 0.020 0.133 0.021

252 HEAFEE T 12 Design Expert 13.0 ¢
fExE EREE R EAT 2 REALE 78, AR 2 0t 2
WIENATFE Y=83.06—0.996 2 X;—3.850 X>+0.535
X;3+0.397 5 X1.X,—0.560 X1.X3—0.905 X>X3—0.268 8
X12—3.680 X2>—5.460 X32, FERALAYREAT IT 250t

6-FEHFE 0120 0.144 0.137)FHE 0010 0.155 0.012  FIREMALS, SERENE 11. T ZoHrs T
Bii¥)  0.050 0.164 0.065 KT, R F=99.780, P<<0.000 1, tHIiZHRIH
F10 MEEREAFRSER
Table 10 Response surface experiment design and results
SRS Xi/%  Xomin X/ LEiE W0 st

R RN 6-EHME BRI MEE RILER FER /%

1 175(+1) 30(-1) 3(0) 2.59 1.47 0.004 2143  0.012 0.098 0.039  81.56

2 15000 60(+1) 4(+1) 195 1.39 0.004 2279  0.010 0.054 0.040  69.15

3150 45000 3 2.57 1.46 0.005 2092 0.011 0.072 0.040  83.58

4 125 45 4 2.37 1.51 0.004  21.19  0.012 0.085 0.037  79.99

5 150 45 3 2.58 1.45 0.005 21.06  0.014 0.087 0.038  82.73

6 150 45 3 2.62 1.47 0.004 2202 0011 0.060 0.039  82.88

7 125(-1) 45 2(-1) 234 1.32 0.004 2141  0.012 0.073 0.041  77.10

8 150 45 3 2.59 1.46 0.004  21.15  0.012 0.092 0.040  83.53

9 125 30 3 2.58 1.59 0.004 2144  0.011 0.082 0.039  83.93

10 150 30 4 2.25 1.49 0.004 2179  0.013 0.107 0.037  79.07

11 150 30 2 2.31 1.49 0.004 2240  0.012 0.071 0.037  76.89

12 175 60 3 2.14 1.46 0.004 2052 0.012 0.095 0.042  75.09

13 125 60 3 2.10 1.35 0.004 19.87  0.013 0.112 0.036  75.86

14 175 45 4 2.23 1.45 0.005 19.96  0.012 0.077 0.036  76.45

15 150 60 2 1.96 1.38 0.004 2083  0.011 0.079 0.041  70.59

16 175 45 2 2.24 1.29 0.004 19.66  0.013 0.096 0.038  75.80

17 150 45 3 2.54 1.46 0.004  20.88  0.013 0.077 0.039  82.58
=1 MEESESN HE 3, KA P=0.1878>>0.05, 1WA
Table 11 ANOVA response surface design BT, SZUeiitaB, oAb, AR IE R T R
R CEAM EJmE B Flt PfE Rai>=0.9823, TIMIAHICREL Ryred®=0.9139, FKH
Y 3280500 9 364500 99.7800 <<0.000 1 LR TP S 2 ET HE. &
Xi 7.9400 1 7.9400 21.7400  0.0023 )L FE) I R e . R 11 A, ZE AT
X2 118.350 0 1 118.3500 323.970 0 <<0.000 1 R AN A ik T A ) i R RIS E
Xz 2.290 0 1 22900 6.2700 0.0408 fF[J Eﬂ. [ >%/‘Hﬂ§> e /II] ij‘ I‘E—IJ; AR, y\j T%%%’
XiXa 0.6320 1 0.6320 1.7300 02298 P22 (R AR T, SR = S T S
I I e b s, SO 2 AR
X2 03041 1 03041 0.8325 03919 T URHEE R o B RGBS, e AIX 2 PR

X2 569800 1 56.9800 155.990 0 <0.000 1 (VRS FLAR LT HL 2, TRJINT T P TR -

X7 1253500 1 1253500 343.1400 <0.000 1  WEI4 P, FRHERACRIAR R TR 5 HAR T 80E .
5% 25600 7 0.3653 253 EAMAKME KR T2
ST 16900 3 05647 26200 0.1878  Design Expert 13.0 5 AF50 4T, LALEEVES AV R
aiizZ 08630 4 02158 B, AT RATRINAS B 22 28K i i ) L2 32

BEIESA 3306100 16

& 15.072 5%, 7&K 38.086 4 min, [&)jlEf
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Fig. 4 Response surface plots of interaction between various factors

K2.94783 ho N T IEN KPR ERAT, & T %
F & 15%, 286K 38 min, [oliEIK 3 h, T4
AL 60 C.
254 EAETZIAE X531 s AU s T 28
TR, 70 3 KA, B 150 g,
ZVT R 15%, [LE 3 h, 781 38 min, A4S
JETBN 60 CHEFETH, RIS 2R KM HIFE &
I ESERCM . CRRIEEE . 6-E£BE . R,
W RILKR. &FR, HHEEWTD, 428
W 12, /REIMLZEED A9 84.51, 83.83,
85.53, RSD M 1.01%, /NT 3%, ik R 5HA
TRIAE (85.78%) Hiilr, BRI A R4 # Tl
PhgE, T2k, HERL, JFHS THAM.

T 12 3RFMIZFITRIELER (n=3)
Table 12 Results of three parallel validation experiments

for optimal conditions (n = 3)

i 9 ¥ % A
K5 LI 6-% eI it
L sy " N
~ B i %
R - LR at - BHR 5

1 262 1.64 0.004 21.91 0.010 0.070 0.043 84.51
2 261 1.62 0.004 21.73 0.011 0.069 0.041 83.83
3 2,63 1.64 0.005 22.01 0.011 0.071 0.043 85.53
FHE 262 1.63 0.005 21.88 0.011 0.070 0.043 84.62
RSD/% 038 071 280 0.64 1.64 111 110 1.01

2.6 HRMIKEZEZEE{HK UPLC 5L EILHR
2.6.1 KM S “222 (3)” Wi R hik.
2.6.2 RS TIHS  RERIEER. RIL
FF B O HE S, 0 AR, ISR
B3 AR 12.0 pg/mL. & L4 2 40.0 pg/mL.
itz HF 12.0 pg/mL (7R A5 BE ST -

2.6.3 HLTIETRIEIE S EUERM IR AN ZE 2
WMRIRT &R, a3 S0, R ARG i

WK 2.5 g, RN 50mL 7K, HiFElA 45 min,
JeIt, JEMRAET, FREIN 20 mL 70%HEE, B A
I (ThE 250 W $% 40kHz) 45 min $£2J, ] 0.22
um BFLBE ML, U B A A T A T
2,64 FEEREFESE MIZADIKHR J8) &
&, %M “2.6.37 TR AEH ARSI, ZR
“2.6.17 Tl RS AFIE SRS 6 IR, DAF BRI AN
FRILERIEHZRIE (SR (B (HED 5
Wk [ 5% 245 MbRiE (YBZ-PFKL-2024012) 121, 4
R HER S RILF R NS IRIE, WS RiE
AT SR IEERE RS R 2, JRTHESUEIRE AT 1A
X AR B B ) S W T AR T S AR e M, IRBR VA A
R TSN D, THE R A W B AR X LR B A A
AHRFUEETHI AR RSD 43 A/ T 0.8%AH 2.6%, &5 %K
B AN AR 2 P R AT

2,65 FREMERE MHCEZEDIKR J8) &
i, %M “2.6.37 TR ik &R AR, %R
“2.6.17 BUNEOTEZAE, palfESIRE 0. 2. 4. 8,
12, 24 h BEFEAMHT, DAEBLRRIGEFIR LR RN S
FREE, T B0 S S A AR PR R Ko (% B o ) AR A o] e i
FUE) RSD 4393 /NF 1.1%F1 2.7%, 45 538 B A
VETAE 24 h WIEAFEE .

2.6.6 HEMHAE MEEAEDIKBHAKR J8) 6
iy, Fl “2.6.37 TR ik &R A, %R
“2.6.17 TN (il S5 AR RE i, LB B RRIE AR L,
RGNS, TR AR LA W R A OO B I []
A I AR Y RSD 73 Al /T 1.0%H0 3.0%, 56
e S o I R

2.6.7 FRSUENERIEST RALETE 10 A
WA KRR L AL T2 4 A B 10 HEZ2 800K,
FH8“2.6.37 I J7 VA & A VAW, 1518 “2.6.17
TR il 24, FIK 260 nm KR SR, S



F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

= 3749 -

(h 25 TR BSOS AU PO 248D (2012 FERO
BEAT IS 3 #T . BE SMIL AT JSMIL At EIEAE N S
IR, A %S 9820 0.5 min, SKAIFIIBGEASE &
ZSRIE, BHATARIE (mark) UEPCEL, AERAMK

XTHR TS (SR) FIZZEM KX B EHE (JRD. 10
AR K (SM1~SM10) 1 10 fbZE8 K
(JSM1~JSM10)HPLC 54 &3k 2 in & Je Hoxt i 4
ZUERE (SR A1IR) WK 5. 6.

12 13
‘—A_ﬂ_f_x—k_ SR
—t ——— SMI0
: -t * : SM9
% " SM8
+ S SM7
: . SM5
3 ) S SM4
* — SM3
—3 == SM2
I Y X SM1
12 13
- * JR
- 4 ISM10
4 X ISM9
+ JSM8
A JSM7
4 ) ISM6
4 2 JSM5
4 X ISM4
4 ) JSM3
" A ISM2
‘ £ JsMl
0 10 20 30 40 50

El5 10 f#AERMZK (SM1~SM10) 1 10 #EZZR=K (ISM1~ISM10) K] HPLC #a4 EiE
Fig. 5 HPLC fingerprints of ten batches of Amomi Fructus kernels (SM1—SM10) and ten batches of ginger-steamed Amomi
Fructus kernels (JSM1—JSM10)

10 HERMZKF 10 #2228 KIB S B g bR
SE 13 AN, XS (B 7 X, A
7AMEIEE, KUCNEILERR (& D, FRR (¢
6). JLAcER (7). FIEH = B2 (g 100, RILAF
O 1D, MR & 12). MR (& 13),

RS (SM1~SM10. JSM1~JSM10) 5
SRR FR A (SR. JR) FOAIMLLEE, 45 SM1~
SM10 5 SR FIAHBLEE 737114 0.996+ 0.999. 0.997.
0.996. 0.998. 0.999. 0.995. 1.000. 0.990. 0.998.
0.992, ISM1~JSM10 5 JR [FARAEUEE 2351 4 0.998.
0.996. 1.000. 0.997. 0.997. 0.998. 0.999. 0.996.

0.997. 0.996. 0.992. 10 #tAE FHM K 54 font iR
Fe S EVE R TE 0.990~1.000, 10 Hib227&RM 2K
2145 22 ZE R OR N HE FR S B A BLBETE 0,996~
1.000. AERBAZ KT R S0 1 15 22 2K Ko AR
SURIBE AR A 0.992, 45 HFEW, fEHEMT,
AT ORI ZE A K i s 38— FasE, AHL
FERE
2.6.8 fLEEIFEF T

(1) 21T (hierarchical cluster analysis,
HCA): >KH SPSS 27.0 A, LA 10 fitAwb{—K
(SM1~SM10) K IHAEH& 10 #eEEIK
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7 8 9 10 Y

) ) ) | JR

0 10 20 30 40 50
t/min

I-JFLAER: 6-FHRE: 7-)L% 3R 10-J5 467 % B2: 11-RILARE:

12-5H B H s 13-Hi B H
1-protocatechuic acid; 6-vanillic acid; 7-catechin; 10-proanthocyanidin
B2; 11-epicatechin; 12-isoquercitrin; 13-quercitrin.
6 R RFAMEZR(CRAIRIELEE (SR M IR)
Fig. 6 Control fingerprints (SR and JR) of Amomi Fructus

kernels and ginger-steamed Amomi Fructus Kernels

6
oo 2 45 6| 7 Fdh
_ 2 3 7.
\ 4
i
0 10 20 30 40 50
t/min
VSRR 2B 3L E: 4BIETE B2 S RILEE

6 FMf R 7M.
1-protocatechuic acid; 2-vanillic acid; 3-catechin; 4-proanthocyanidin

B2; 5-epicatechin; 6-isoquercitrin; 7-quercitrin.

B7 #HREETESE HPLC E

Fig. 7 HPLC of sample and each reference substance

(JSM1~JSM10) 1] 13 MLFUEETFHEAT HCA,
KA R 0%, AP W EE 208 B
PREEAT 7328, RKIE RPMCIRE LA 8. 4T J7BR
FRHE R 10 B, 10 #ibAERM K5 10 fibZ2 280K 3t
20 MRS AT SR 2 KK, FEM SMI~SM10 N5
125, FER ISMI~TSM10 BN T35, 451 EoR,
A it S ) R SR X A BERL

(2) EHsr53 8 (principal component analysis,
PCA): DI IERIER N HERE, FA SIMCA
14.1 B, RAFEREEAGRAIE PCA MEFE
i HAREREE, 1SRRI 9. &R EIR, 20
R SO FE R R A B RT3 2 K3K, K
S AR ARTE X A7 ), B KRG
X HOEJTH], FRBAERM KRS 2R KR oA

T I7 BB
10 15 20 25

S
W

SM3
SM10
SM6
SM4
SM2
SM8
SM5
SM1
SM9
SM7

T
JSMS

JSM3
JSM7
JSM1
JSM6 :]7

JSM9 —
JSM4 —

JSM8
ISM10 —

El8 HCA & RRHRE
Fig. 8 HCA genealogy tree diagram

15 1
A
5] Aa
] ®9 A A
8 R ISMI—ISMI————
|\ SMI~sMI10 0.. A
AA
A
-15 : : : .
=30 -10 10 30

t[1]
E9 PCABNE
Fig. 9 PCA score plot

FERr B2 S, I FR SUEITE & (i A m
X P BEAT R 002K

(3) fmfse/N = FeHn 5387 (partial least squares
discriminant analysis, PLS-DA): 7T “2.6.8 (2)”
TUR PCA 55, K 20 HUFE G IERIAREHE 7
SIMCA 14.1 ¥ fFE4T PLS-DA, XF 20 HEFE %
FRIRAHEAT EM K, 45K WE] 10. PLS-DA #
B B EMAIRECN 0.836, R EMGIEL
40.929, HEAITIINFEEC N 0.864, HIKT 0.5, £
AL R E AT, H 200 kB AR
(permutation test) H', Q7 [AIJHZE 5 Y\ HhFIAHAZ 55/
TE, UHERALEEL A WA 11, PLS-DA &
Rrp 13 Ak VIP E LA 12, o VIP EBOK,
FWNZR R T K oThsoR, R X A bk
ML ZEAK I Z e tibr . i & E VIP [E R
T 1 0k AR KRN 22 28K A 22 b S R R
gy, HLIREH 2 N EREY, WA VIP T HE
FPNE 6 (FHR) >4 8,
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10 1
1 [
6 -+
A
5 A A [ ® SM1~SM10
~ JSM1~JSM10 A @
= A
L] .
| A A ®
6 A
=15 T
=30 -10 10 30
t[1]
10 PLS-DA 5457E
Fig. 10 PLS-DA score plot
107 | R2=(0.000, 0.197), 0>=(0.000, —0.426) 4
o e p
,,,, o
0.6 ”,—. "J
- /”
[ - f”’ H
X 02 ,/ u
A ] L
4 " .
,0,2: ,’, o R
] - m o
—0.6 T T — T T S
0 0.2 0.4 0.6 0.8 1.0
FHR R EL

11 PLS-DA B IE
Fig. 11 PLS-DA permutationtest plot

3

2

VIP[3]

11005 134 3 127 9
var ID (primary)
12 PLS-DA T'E VIP

Fig. 12 PLS-DA variable VIP diagram

3 Whig

BUARHETER ], SR AR A T2 B2 B IE P
GrUSY, R o SRR R E R U
WAEAERT FUR I, WA KRS R ARFE KA 1 o3 T
IS (HHECE . RILHEE) DOIMEIRE (N5
M) DIRFILH R pTEAL . Biat. R S50
TEPEDS, SR T AR (BHERD) W R & s
IS A BR . 3R LR R AN B HP A 9 L PP 4
PRo 6-ZBRE TR 27T BURFAE 73 TR 2 LR MK
U, K 6-Z RN AR SR bR, AMUBEE IR
AR IS DU SN 2530, S PP 22

6 8 11 2

AWK TR B R . R B YiE e
SR ZE A B BB, R, A4 I 32
WA R B R B, B I R A TR e s
BHY). BER. RILFER. BEEF. 6-2HES
BEAEAME T Z RPN bR . AR 6-ZH#%
H5EFWR. RIRER. WEESIFEN, HarsE s
LR EWIER Y, JE=F AR, SR
YRSy, ZEBEMMEREREE . B OREAI L
VEF S ST 2 Ko IR BRAT N ST, 5RAT &I
ST 6- LRI A ETEHR, e
BT . &% TEYA BT RAE, FAE
TR R TR

AHP-J B A IMBUE & —Fh R R AHZE A
(7735, BEREAEBIHE bR AT BB, SLREN A
NHFEMmZE, RUEZSRFIERERY ., R b,
BBD-RSM 1] %t 53 2 [K] 2238 HLAE FH 44 4
R SR S8 26 1 AL AR it RSk, FsE
LR KRBET ZSHONZET R 15%, Z&t
K 38 min, [Rl{EASK 3h, TR 60 C.

T2 35 S0 B AT 4T S AL S R B2, AR
5T 10 A= & 5 )& e S0 B AR LR 3 T
0.990, HA:. il 5okt B EE AL 0.992, KA
JHIAR A A K E B R, A “HImA
REHE” B E . @i PLS-DA ik il 6 (&
B g 8 N4, HIRM 1 ERFREY (VIP>
Do HPHFHEREEEMGEREE, ZIRN
PR S A R A R A e I SR
B A EAE B IO —J7THT, 2228 M (1) bl
Je &SRR SR AL T KA OIS, Al {2 ffiRb
CHREENRIER. FERBEFERINAEYIRK
AKAR PERRRBL, E VAL R B AR, M
M EE; H—m, P EAENERE.
LSRR IR, 7528 R T AR R 2
PRI, BE— B3RP BT 5 17 B R
ik, HETAGEMEFER, S AGH
I B BERR T BV F), SR IRIS M i) b B B 1)
BiAGE. 8 HATM AN E, Gl RHiEF
Boof HAb =it AT — P e, HmE N E R
b S T Al o

PN G i T I Wb 2 AN TS
i, AeRE AT R B PR R O SRR B, 2
PEARXHIEAT; 6] T IR R, AT R4
o RAEEAL, ZitE . ZHEARES R K
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T B H Gy LR e i i ) O B RSO IR T 22
I FER MM IR B MK R ORI
LRI BRI H R EME R, AR A
B BRI O AL FERRNPIR . B
W& RS E SR RIS DIROE A
A, TSR R SR R R AR A .
JEEERERER, rEdTtR . R BRI
HENEXAER, S5 SRR ERPrE, LEE
T F R TP 0 B 1 R R VAT, BE— DAk aE
AR BRI E X Tk, TR IRYT AL
gi b, ASZEGEIT AHP-RAUEE S InEGE
EATEM BRI E R, KRR ARS
BBD-RSM X 2228 Wb KM T Z S 8047 1710
1, N2 ARSI AR AL 1K SR A UPLC
VR ST AR SUETE R M KM /T 5 B E AT A AT
176 HH M RIS BT 22 SR A, ORI
W, FONZAARE PO RIS . R
o, R IT R IR 8 AN, TORMEAE I
AT A I, e L 2S8R
TFRE 22 KIE N AN 3RS, B 532
ORI R BE 2 57, AHIEIR G B 24
SR T 78 73 (1 SR IR AR o
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