ZHEHIE 2026 £5 A% 305FE 5 795

HF AHP-15#X TOPSIS £ &k mb{— £ A M RE
REILZ

gAY BEWS, BN BN YO E S RS RN YC, Faml

Lewf gl kmnARAZ (LRI 276006)

2. 27 5N RPARAAUFLEEELLEE (WLWARIKEIT 276006)
BEHELHFGARAT PHFGEMEARALRLEIEAR PN (LRI 276006)
Ao LFRFEHAFH ¥ (G 250355)

[(FEE] Bty ki 2R RKE T L. 7% IOl & & . $8a0 &
U . KEPR . PUEAIE L R IMHER 025 BP0 IdR bR, R T (AHP) -
FEAGE T AL FHEY  (TOPSIS) IEZRA PN THOKE . JBHKTR . SEINKH . IR 4 Fh
KA TTEX A A 258 KRR 52 . G5 R 4 Fh KR 7 2O b~ A 24500 i 1 52 1)
FIPEL T . R R TR > BHCKE > EANKE > TR . Hor s BRI AR &= 8 kGy &
DL ERESE AR KA 25Mr P AR E Y, IR AR B8 T R AR 25k A RO . B
W SHMKFE AL, 588K AR I K SO A EI, B R M f B 2R 24
MRSy, BRI . R A28, nIRSF A RE R 25k . I
VEM K T AR En 17, EREML, "ONESE T 2R R Tk b =it 22

[X#IE]) = 25k RO GE r B e, TIVKE,; WK
ERHNKE ;R IR
[FE5SES] rR284.1 [CEkFRIRRE] A

Evaluation of the effects of different sterilization methods on the quality of
Amomi Fructus raw powder evaluated by AHP-entropy weight TOPSIS

CAO Ling"?®, SHI Guoli*, CUI Linlin"*3, GAO Yanhong"*?*, WANG Ning?, LIU Yuanhui®, JIN Zongyuan'??,
LI Weiqun'??

1. Lunan Pharmaceutical Group Co., Ltd., Linyi 276006, Shandong Province, China

2. State Key Laboratory of Integration and Innovation of Classic Formula and Modern Chinese
Medicine, Linyi 276006, Shandong Province, China

3. Shandong Engineering Research Center of Generic Manufacture Technology of Traditional Chinese
Medicine, Lunan Hope Pharmaceutical Co., Ltd., Linyi 276006, Shandong Province, China

4. School of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China
Corresponding author: LI Weiqun, Email: weiqunlil021@163.com

[Abstract] Objective To select the optimal sterilization process of Amomi Fructus raw powder.
Methods The effects of four sterilization methods, namely dry heat sterilization, moist heat sterilization,

ultraviolet sterilization, and irradiation sterilization, on the sterilization efficacy and quality of Amomi
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Fructus raw powder were comprehensively evaluated using a comprehensive scoring system based on bornyl acetate
content, fingerprint similarity, sterilization rate, antioxidant activity, and comprehensive appearance characteristics
as indicators, by employing the analytic hierarchy process (AHP)-entropy weight technique for order preference by
similarity to an ideal solution (TOPSIS) method. Results Based on the comprehensive evaluation results of AHP-
entropy weight TOPSIS model, the quality influence ranking of the four sterilization methods on Amomi Fructus raw
powder was obtained as follows: irradiation sterilization > moist heat sterilization > ultraviolet sterilization > dry heat
sterilization. Irradiation sterilization at a dose of 8 kGy and above could completely inactivate microorganisms in
Amomi Fructus raw powder, while effectively retaining its active ingredients. Conclusion Compared with other
sterilization methods, the irradiation sterilization method can retain the effective components of Amomi Fructus raw
powder to a greater extent while ensuring the sterilization effect, and can obtain the prescribed Amomi Fructus raw
powder at low temperature, in a short time and relatively safely. Moreover, the optimized sterilization process is stable,

feasible and reproducible, which can provide a reference for its subsequent process development and industrial

production.

[Keywords]) Amomi Fructus; Raw powder; AHP-entropy weight TOPSIS; Dry heat sterilization; Moist

heat sterilization; Ultraviolet sterilization; Irradiation sterilization
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Table1. Effects of different sterilization methods on the

content of bornyl acetate in Amomi Fructus
raw powder (n=3)

FE AR FEfb S CRREME SR (mg/g)
WA 25k X0 13.2892
TR TR X1 9.7217
X2 9.291 1
X3 6.303 3
X4 59235
MK FRE X5 11.8382
X6 11.2347
X7 113755
X8 10.900 2
X9 10.629 8
X10 10.001 2
AN EFE A X11 12.603 1
X12 12.487 4
X13 12.039 2
X14 12.102 4
PRI ity X15 12.702 9
X16 13.093 2
X17 13.1112
X18 13.246 7
X19 13.204 4
X20 13.087 3
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Figure 1. Overlay HPLC fingerprints of Amomi Fructus
raw powder under 4 sterilization methods
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Table2. Fingerprint similarity results of Amomi Fructus LN R AR 2%, XK R TR . R
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g;;i;%‘ m;)ﬁv @UZ?.I()O}{)EMﬁF 2:5 jIL %Ltt IEF vy (31 3= )
F— N 0501 KAPUELSLEE (DPPH #5) Vi 5E 20 41 FF
o . L e R RRRIR L 20 412k
X3 0.423 KOSg, BATIKOEES, M (TR 450 W,
X4 0.408 WA, 40 kHz) AbFH 40 min, 454 25 0 & vk i
MR TR A X5 0.686 410 me/mL (FRE G AW, 4 M ER 1 mL Tk 55
ij EZZ i, 4 A 0.1 me/ml. [ DPPH- Z, B2 Vi Wi
XS oo ImL, B2 3505, 8K T B 20 min 5 T
X9 0.639 517 nm PR TR (A ) ; BRI ICK
X10 0.565 CBEFIRE R OR A, DUE IWOGREIC A 445
HINK R dh Xt 0-991 25 R KBRS W, WO N A
o o R LU T 2 2057 DPPH. [ Hh BB R R, 4500
o oo Hede TAH | WA e HH LT
EE ECOK TRFE S X15 0.996 B&’ﬂi ﬁﬁ 9[‘](@*H¢E‘\\X@X1#nnjﬂfﬂﬂﬁ(ﬁ
X16 0.997 P 1 52 M 570N
o o Fr R () = - ) g
X19 0.998 -
X20 0.996 R4 WCEABATHREARRENFEER
£3 AM-ELMATRE SRR E R Table4. Antioxidant activity results of Amomi Fructus
Table3. Sterilization efficiency of Amomi Fructus raw raw powder under 4 sterilization methods
powder with 4 sterilization methods R 24 ik eSS DPPH H HEEHRER (%)
A4 F BER KEH (%) A28 X0 87.3
A2k X0 - T KB A X1 79.7
TR X1 93.12 X2 80.5
X2 95.25 X3 75.2
X3 96.16 X4 74.3
X4 98.49 WBAATC B RE i X5 81.0
i DR X5 91.02 X6 71.6
X6 94.61 7 802
X7 96.96 X8 S
X8 100.00
X9 99.86 0 s
X10 100.00 X0 767
EHP KA X11 60.12 RIPK B Xl 829
X12 66.83 X12 830
X13 75.16 X13 8a.1
X14 78.44 X14 855
G K TR X15 74.20 HRMCK IR X15 86.4
X16 90.18 X16 85.8
X17 97.32 X17 86.2
X18 100.00 X18 86.5
X19 100.00 X19 86.7
X20 100.00 X20 87.8
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Table 5. Comprehensive appearance quality scoring
criteria for Amomi Fructus raw powder
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Table 6. Comprehensive appearance and trait scores of
Amomi Fructus raw powder under
4 sterilization methods

R TR (EE e ZEAIMNIHER TSy (4)
WA A2k X0 4.0
TR R X1 3.7
X2 3.7
X3 3.5
X4 3.5
TN TRIRE iy X5 3.1
X6 3.1
X7 2.7
X8 2.5
X9 2.5
X10 2.3
AN KRR X11 3.9
X12 3.9
X13 3.9
X14 3.9
FR IR TRIRE i X15 4.0
X16 4.0
X17 4.0
X18 4.0
X19 4.0
X20 4.0

27 E T AHP-/EI TOPSIS & &
Y
271 MEZREAHE

(1) AHPIEITREAE 250 ™ MG e
TR RIE PR B ERR R, XA TG bR A E i
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IR > LRI Mile & S=hr A b TEPE > L85 PP
AR, AP LB AR S IR P, S5 2R L2 7.
FKHUUERRa HRAR 8 S e inle & 2 . F880A
TEARRLRE . KER . BTG DL 5B INUER
(AL T 2 AT R 0.141 1. 0.184 2. 0.441 5,
0.141 1, 0.092 1, —ZH AW (consistency index,
CR) = 0.003 <0.10, FHIZF W AR E R AL
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RT7 ANTENAERRR T L BRI 5 3 B 4 B
Table 7. The pairwise comparison priority judgment

matrix of 4 evaluation indicators
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LT R | 34 113 1 3
[E=EA
RO EIEA
s 473 1 3/5 4/3 2
KRR 3 5/2 1 3 5
AL TETE 1 3/4 173 1 32
LEA IR 2/3 12 1/5 2/3 1

(2) WEFLTOPSIS#: ': SR SPSSAU #if:,
YRR T “PafEfl” AbPE, FEREE TOPSIS 43
SR R el & i . FESIRTEARIEE . K,
PrEAIE M DL R ZE A AN IR AL R B0 5
0.1502. 0.284 8. 0.146 1, 0.2480, 0.1709.

(3) AHP-/5AL TOPSIS % : # AHP 7 FAL
TOPSIS VA B AL E RECR LT A TR A
JNAL :

R RAHP X R‘kﬁﬂ]‘OPSlS

“a Z RAHP X Rhﬁfﬂ'mms

K, Ry M AHPEIHEAAEREL Rimomsss
AL TOPSIS YA A 28 Rl A IHE
1R TR e Moilis & i . FeSCRIEAHUE . KA
PR DL ZE A SN IR A R A
HH0.1116, 02763, 03397, 0.1843, 0.088 1.
272 AL

LRI E R F2 8, TR . MK
A S [ S Y N S AN i S R 7 O L I
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Table 8. Comprehensive index score of 4 sterilization
methods for Amomi Fructus raw powder

FE A TR FE LA (41)
WA A2k X0 —
T i X1 79.12
X2 79.50
X3 73.27
X4 73.12
TR AL i X5 83.85
X6 83.14
X7 84.83
X8 83.36
X9 83.24
X10 79.63
AN KRR X11 84.41
X12 86.94
X13 89.63
X14 90.96
TR IR TRIRE i X15 90.48
X16 96.06
X17 98.76
X18 99.76
X19 99.72
X20 99.78

EShigDia v A E 3 NP ) D O EE S o g =18
2.7.3 AHP—JEM TOPSIS KA i+ FH 45 R

AT EREA R & PE T b -5 1E FRAR A A 67
FAR IR RS (DIP5 Div) M A bR Rt fi i 4R
XA RE (Ci) M, HEFPES SR 9. MR Ci Y
KNI K 7 A T HE Y, ARG 3 8
K, BRI ITEAR AR, REPEM L Rz, W
R 2

M CiHEF T LLEH, 4R K T 209004 i
RN . FRBEK T > WP > AN KH > T
PR, R ICOR IS TN 25 b A= 25k K
Wo MK, KER S5 EH &2 IEM
XK, FEFIHE 8 kGy K LA FRETE 8 Kb A= 25 Ky
AR, IR T A2 A
BRI -
2.8 IHIEIRLE

MR A5 AHP-J AL TOPSIS A5 1Y i 15 H f) e 16 2K
W25, R100 g AR 258 R iR BOK T
HiE A 8 kGy, UL KW AAIFEE 3R, 45580
F10, ZERFRW, HIASRM A 25k R R e H
MEIRERT G 2K
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R WMZEAM AT RKE T ER AHP-1FIL TOPSIS #£1F
MERKHF
Table 9. Evaluation results and ranking of 4 sterilization
methods for Amomi Fructus raw powder using
AHP-entropy weight TOPSIS method

FESR AR BeSGS  Dit Di” ¢ HF

THOK R X1 0264 0308 0539 16
X2 0257 0327 0560 15
X3 0322 0313 0493 19
X4 0334 0332 0499 18

THCK R X5 0213 0325  0.604 11
X6 0223 0333 0599 13
X7 0208 0359  0.633 7
X8 0243 0367 0602 12
X9 0234 0367 0611 8

X10 0278 0354 0561 14
LA KRR A X11 0359 0323 0473 20
X12 0305 0335 0523 17
X13 0233 0357 0605 10
X14 0206 0374  0.645
i K TR X15 0241 0371  0.606
X16 0.138 0431  0.758
X17 0.104 0475  0.820
X18 0.103 0491  0.827
X19 0.104 0490  0.824
X20 0.101 0495  0.830

[T S B SR N BN

F10 M- AHMERIARIEXEER
Table 10. Results of the validation study on irradiation
sterilization of Amomi Fructus raw powder

OBl RS0 KW DPPHHMT  Zei sl

gﬁ MaE  BELL ® mERE RS
(mgl) (@) (%) S

1 13.201 9 0.999 100.00 85.6 4.0

2 13.212 8 0.999 100.00 84.3 4.0

3 13.196 5 0.998 100.00 84.1 4.0

3 itig

KA F LA A 25 I 25 B A Ul S 2L 1 —
TURTAL BEERAT . ARG IR T K T2 U R OK A
MK, HCRe . KR, Tl i)
Bz Y SRIIZ S T SR A 2k
PR O R S BER , ANiE FT BOA B
JRLA3 LA R AW 35 A e SR 2 SR
SONK R BRI 2P R B, 5 R
TAAENE 1A R BB R, KRR AME,
ANE T A28 T A e KR o i IR TR
A2 PR AT RO S RN, LRk
Py BRI S 2GR R A A A . A, BB R
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