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Abstract: Objective To screen the optimal sterilization process of Sanqi (Notoginseng Radix et Rhizoma, NRR) raw powder using
AHP-TOPSIS comprehensive evaluation method. Methods The chemical components such as notoginsenoside R1, ginsenoside Rgi,
ginsenoside Re, ginsenoside Rbi, ginsenoside Rd total content, antioxidant capacity of NRR, comprehensive appearance traits and
sterilization rate were selected as evaluation indexes, on the basis of single factor test, four sterilization methods, namely dry heat
sterilization, wet heat sterilization, ultraviolet sterilization and new irradiation sterilization (electron beam with energy less than 10
MeV produced by electron accelerator), were respectively compared on the sterilization effect and quality of NRR raw powder before
and after sterilization. Results According to the AHP-TOPSIS comprehensive evaluation results, the effect of four sterilization
methods on the quality of NRR raw powder was in the order of new irradiation sterilization > dry heat sterilization > moist heat
sterilization > ultraviolet sterilization. The new irradiation sterilization at doses of 6 kGy and above can completely kill the
microorganisms while better retaining the active ingredients in the raw NRR raw powder, and considering the convenience of
sterilization operation, economic efficiency and safety, the best sterilization method for NRR raw powder is the new irradiation
sterilization at a dose of 6 kGy. Conclusion Compared with other sterilization methods, the new irradiation sterilization method can

obtain the prescribed raw NRR powder in low temperature, short time and relatively safely, and the optimized sterilization process is
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stable, feasible and reproducible, which can provide a reference for the subsequent process development and industrial production.

Key words: Notoginseng Radix et Rhizoma; AHP-TOPSIS; new irradiation sterilization; notoginsenoside Ri; ginsenoside Rgi;

ginsenoside Re; ginsenoside Rbi; ginsenoside Rd; antioxidant capacity; sterilization rate; dry heat sterilization; wet heat sterilization;

ultraviolet sterilization
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Table 1 Sterilization methods of Notoginseng Radix et Rhizoma (NRR) samples
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Table 2 Effect of different sterilization methods on Ri, Rgi, Re, Rbi, Rd mass fraction, and its antioxidant capacity,

sterilization rate, and comprehensive appearance traits of NRR samples

KW WESE(ngg™)
Ji¥% Ri Rgi Re Rbi Rd (mgg™)

B EE/ DPPHE K LA
BRE/% /% PERIES

B AE DPPHIE KK Zia s
BREE/%  B/% YRRV

KE  FiEsi(mgge")
#i Ri Rgi Re Rbi Rd (mgg™)

SO 0.29 0.89 0.14 0.80 0.28  2.40 82 0 1.00
ST 0.29 1.03 0.07 0.95 033 2.67 80 85 1.00
S2 0.30 1.08 0.08 0.99 034  2.79 81 93 1.00
S3  0.33 1.07 0.06 0.96 033  2.75 80 94 1.00
S4 0.32 1.08 0.05 095 034 274 80 98 1.00
S5 0.31 1.01 0.07 0.86 034  2.59 79 99 0.90
S6  0.31 0.81 0.06 0.93 033 244 79 100 0.90
S7 031 0.73 0.06 0.92 033 235 78 100 0.88
S8 0.31 0.79 0.06 0.90 032 238 78 100 0.85
S9 023 0.84 0.06 0.98 0.31 242 78 11 1.00
S10 023 0.83 0.05 0.97 0.33 241 78 26 1.00
SI11 023 0.81 0.05 0.97 0.35 241 79 47 1.00
S12° 024 0.84 0.05 1.00 0.36  2.49 79 53 1.00
S13 027 0.99 0.06 0.80 0.28  2.40 78 96 1.00

S14 0.24 0.94 0.06 0.80 0.28  2.32 78 96 0.73
S15 0.26 0.87 0.03 0.86 0.32  2.34 78 76 0.68
S16 0.25 0.81 0.02 0.83 0.31  2.22 78 100 0.92
S17 0.29 0.72 0.01 0.88 0.31  2.21 78 100 0.85
S18 0.26 0.81 0.02 0.87 0.33  2.29 77 93 0.80
S19 0.26 0.91 0.03 0.87 0.32  2.39 78 100 0.92
S20 0.28 0.58 0.02 0.88 0.31  2.07 77 100 0.83
S21 0.23 0.83 0.01 0.81 0.29  2.17 77 100 0.74
S22 0.28 1.05 0.12 0.77 0.29  2.51 79 78 1.00
S23 0.29 1.10 0.13 0.80 0.29  2.61 79 98 1.00
S24 029 1.11 0.13 0.82 0.30  2.65 82 100 1.00
S25 029 1.10 0.12 0.81 0.29  2.61 81 100 1.00
S26 0.28 1.10 0.12 0.81 0.29  2.60 80 100 1.00
S27 029 1.12 0.12 0.82 0.30  2.65 80 100 1.00
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Table 3 Grading standard of comprehensive appearance character measurement for NRR
i fh VbR
1 e ARKFEA AR SL7 0.25 75, RIS K 5 U AR R
2 5N RKFEAFARIGIRE T 0.25 53, WIS KT I A2 15 Sl B S 25 B B AR B 7>
3 NI ARKEAR AR 27309 0.25 73, HRAE KR 5 AR L f AR Ry, ARIE R, 7 EBRAR
4 Wi AR AR ARARNE 72 0.25 75, HRAE KR 5 & KR IRy, SRR, o EBRAR

T4 4 NN FEFRAR T ECEL L S 3 W AE P
Table 4

comparison of four indicators

RESER  ZRAAMTER
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LRGP IR 1 13 12 1/5
B AR 3 1 5/4 12
P 2 4/5 1 1/2
KEH 5 2 2 1

KU 28050 514 0.091 9. 0.251 3. 0.203 3. 0.453 5,
—FEELE] (CR) =0.004<<0.10, 2B iZ 5 a4
(A B R R
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FhER& T 15155 TOPSIS EMIZE &N T . K
F SPSSAU #f, B X s idb 47 “ hritfr” b2,
FHE I “@A TOPSIS” 7 M i3 I Z5 A MR L 2
B P TE LK R 2 AL R 500N
0.189 0. 0.234 4. 0.4449. 0.131 7.

2.6.3 AHP-J## TOPSIS J2 & INAGENS ¥ AHP 7%
FEAL TOPSIS 215 2 AL REGHEATIRA IIAL,
RERS PR B — A TE R AL, (45 S B & L
EIP

@ 552 =WAHP X @ 1t TOPSIS/ 2 WAHP X @ st TOPSIS

wanr N AHP iEH BRI E R B, o watorsis N TOPSIS
AR E R B

W AR HABAER. B AR, 5T
A IEVE DL CK R 2R B RN 0.076 7.
0.260 1. 0.399 4. 0.263 8, MRIFLAL 3 FLE AN
FTASRLE 2 BT 1, AHP VSRR R 80K
BR R, N 45%, HE B ABEMPiEll
W, B E BAA 45%. B5AL TOPSIS i Hii4A
S TERCE R R, HRBH AR, HE LA
N 67%, KEHFEN 13%. AHP-15HL TOPSIS V& &N
BUEH PTG A BB, O B B &,
PN 66%, KEZEA 26%. SRTAEZ ik
H, VRSB, HIREA M. i AHP %
JIT 153 BOAL R 2R 08 Re AR I K B 24 i S, R
SHE B 245 3040 I s it o
2.7 AHP-TOPSIS &R+ EER

XFH Microsoft excel 2013 %4 5F s b 34,
SPSS AU V- & 73 it AR A th S 1 F M 4845 5 IEBEAR
R A BARARVEE RS (DS DY RAabnxt s fig
AR ISR (CH, HEFPEE R R 5. R4 C K
AN AR AT HET ARG RO,
Wi BRARAE, VPN AR R, TIEE.

M 2. 5 HETEL, 4 RRE TR =B e

%5 FRKNESET =+t AHP-TOPSIS i EHFER
Table S Results of AHP-TOPSIS ranking method for NRR under different sterilization methods
¥edh D D G HEFESR | MW D D G HUFEER | RN DF D G HEFSR
S1  0.053 0.264 0.833 15 S10 0255 0.076 0.229 26 S19  0.053 0.304 0.853 11
S2  0.024 0.294 0.925 7 S11  0.185 0.135 0.421 25 S20 0.092 0.301 0.766 21
S3 0.022 0.295 0.930 5 S12  0.164 0.156 0.488 24 S21 0.086 0.301 0.778 20
S4  0.011 0.308 0.964 1 S13  0.058 0.290 0.833 14 S22 0.083 0.236 0.740 22
S5 0.029 0.305 0914 9 S14  0.069 0.289 0.808 17 S23  0.027 0.304 0.920 8
S6  0.046 0.306 0.870 10 S15  0.100 0.224 0.691 23 S24  0.019 0311 0.941 3
S7  0.058 0.304 0.839 13 S16  0.072 0.303 0.809 16 S25 0.023 0.311 0.930 4
S8  0.054 0.304 0.849 12 S17  0.075 0.302 0.801 19 S26  0.024 0.310 0.929 6
S9 0.305 0.057 0.158 27 S18 0.067 0.280 0.807 18 S27 0.019 0311 0.943 2




- 4854 «

FED 20236FE87 $54% B 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

T A B S (15 S B R K B <P K < T
POKHE <JBHOKHE, Hb Re FiE Bishiok, H
HAVEIOK BN Re semtl/N, HR 3 BREHIE
X Re SEMARR, JUHAERHA 121 CHMAT. BRig
PORBAN, HAR 3 RKE T M AR KB R 2
AR A IR, TR RER. AR K
PRATEL. 4 KRWES, XK E 2T N
PR CK B > T HCKEE . WBHCKTE > 8N KTE .
4 KB ITIER A ATE R RN

4 FOKE AR = - A 2 B
—EES, HAERBEKE. LIV KEE R A
PERRA RS, U KR AR e EEE i b
BRAK; BINKERE R OZEN, g, T
TEPERS N, RWTZIRFEAR —B T HOKBEFE
BN, MR Z, WIRPERSR; TR ERE
N SE AR IR R, AR R AR

MO AMEIRT 5, 4 FKE AR E I
7 NIRRT > AN KT > TR R > 1B KR -
Hrp B R IRUK IR 6 kGy M UL LREE &R K
=LA ICE DRI R R T =B A
WA R, GREFEIEKEERIEERIE. &5F
VGO L7 oh e R [ Dt WA S 23 11 D A E D WAREN
JUETEEIRCKE, FIEN 6 kGy.
2.8 FERLE

HR 4% AHP-TOPSIS A& Y fifi ik th ¥y s I K o 1.2
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Table 6 Results of verification (n = 3)

Y JR 5 B (mg g ) LREesTY] DPPH KE% EsI
Ri Rgi Re Rby Rd (mg-g™) THEREY% % PERVE 5
1 029 110 013 081 03l 2.64 82 100 1
2 028 112 013 081 029 2.63 83 100 1
3 028 L1l 014 080 030 2.63 83 100 1
I IABPKEMIE . 2T BRI 28 som

AR ME DA AT S b 25 2R 250 K s B TR AL
BRE e e e . IR, SEAE E AT
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PPN R AR ST R 24 A 280 K L AR Ak ST
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