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Abstract: Objective To optimize the best processing technology for salt-processed Shayuanzi (4stragali Complanati Semen, ACS)
and investigate its anti-inflammatory effects before and after processing. Methods Based on single-factor experiments, a Lo(3%)
orthogonal experimental design combined with the technique for order preference by similarity to ideal solution (TOPSIS) method was
employed. The content changes of seven flavonoid components (leucoside, astragalin, complanatoside B, complanatoside, myricetin,
kaempferol, and kaempferide) were used as evaluation indicators, the optimal salt-stir-frying process was obtained and verified.

Additionally, a 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced zebrafish enteritis model was established to compare the anti-
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inflammatory effects of ACS before and after salt processing. Results The optimal salt-stir-frying process for ACS was determined
as follows: for every 30 g of ACS, 4 mL of 2% salt water was added, followed by an 8-hour soak and stir-frying at 100 C for 15 min.

The pharmacodynamic experimental results showed that the salt-processed ACS was slightly better than the ACS in improving

intestinal tissue disorders in the zebrafish enteritis model and reducing the release of tumor necrosis factor-a (TNF-a), interleukin-1

(IL-1B), IL-6 and IL-8. Conclusion The processing technology of salt-processed ACS optimized by the entropy weight TOPSIS

method is stable and feasible. The aqueous extract of salt-processed ACS exhibits stronger anti-inflammatory effects than the raw

material, providing a reference for elucidating the processing-enhanced mechanism of salt-processed ACS.

Key words: Astragali Complanati Semen; salt-roasting; orthogonal experiment; entropy weight-TOPSIS method; process optimization;

zebrafish; anti-inflammatory; leucoside; astragalin; complanatoside B; complanatoside; myricetin; kaempferol; kaempferide

V3T Astragali Complanati Semen (ACS) SN
Bl B AEY) e 2235 1< Astragalus complanatus R. Br.
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N 8 h F F IR 4ib st v 3h & T 2% 52,

234 HREES  BUEWIL TR 50, Bh
N 30g, MIAN 4mL2%EEh/K, Bl 8h, HWALH
Bl 285317 90, 100, 110. 120. 130 ‘C, bl 15
min, HUH, TR, i 40 Hif. #M8 “2.2.27

TR 7k 24 R A, 15 “2.2.37 TN @
AT ENE, %I “2.3.17 TR AT SR
GV, RN 3. A VEBEAE DR 3
hn, SeHE s TR, TR 100 CH 257
IrEiE . WOEBISHNEE 904 100, 110 CHTJA
BT R T2,

2.3.5 BRI BUEVSEFIOT S, B

x1 MAKEZR

Table 1 Investigation of saltwater addition

PIIFEVI S > B (ngg ™) ga
HEimL I Em-3-O-FANMEY Kl Wi rH B YWITHA  BfgE LEm LExE e
0 459.3 166.2 645.6 728.7 277.8 132.1 324.1 36.96

2 577.1 167.2 755.0 812.0 235.3 127.6 322.1 47.45

4 425.6 160.0 649.5 770.0 319.1 141.0 362.1 61.02

6 566.5 183.3 684.1 700.0 280.2 735 303.4 42.98

8 563.6 166.6 723.1 762.7 245.7 97.6 315.8 36.32

®2 RNEREERE
Table 2 Investigation of sealing time

] i RS (ugg™) %A
I&/h I Z5y-3-O-F A AT R WHirHEB  WILTFEA MR LEE  LWERK W
0 585.2 179.5 730.6 772.2 254.9 109.1 300.7 55.64

4 584.0 134.1 695.5 721.1 267.1 151.4 387.3 61.00

8 543.2 170.1 647.3 737.5 263.6 188.1 382.3 61.84

12 594.5 174.8 666.7 765.9 253.3 220.1 332.6 61.38
16 550.1 165.7 691.6 7724 244.4 180.4 393.7 52.88

£3 DHBEEE
Table 3 Investigation of frying temperature
gt S > B (ngrg ™) g
FEI'C N ZEW-3-O-RAXET Bt WILTH B WIHTHA Bigx  LEm  LEx ¥
90 530.6 143.9 614.1 618.5 248.7 195.4 1255 34.92
100 582.8 220.9 755.0 873.0 320.4 127.6 3221 75.83
110 583.7 177.3 676.9 801.5 325.6 165.2 385.2 64.74
120 314.9 194.0 491.3 874.5 116 362.5 913.7 50.14
130 306.6 161.9 468.1 654.2 116 278.6 783.3 27.38
30g, BN 4mL2%E#K, [l 8h, AN,  23.6 IEZRBMAADIE TR T2 DRbHIRE

F 110 'C, 4rHH 5. 100 15, 20, 25 min, HX
AR, 1T 40 Hif. $&IR “2.227 TR
IR SRS, IR “2.2.37 TR B SRk
FEENE, %R “23.17 TR B a8 1145,
GERNEK 4. LREVFHrBEEHIN RN N, SeTt
ma FREs BARERDHIES [ 15 min B EEE V5 i
&, ARKBH] 10 min B ZREVEE 1636, H 4
RPN AT %0, LB RIS K5 Wk e i
] 15+ 20, 25 min H T/a8bsi+ #h i T2 H% %L,

(A, JbiillEtE] (B) Ainh/KeE (C) AREK, LL7
NSRSy (Ll 25/y-3-0-F A WM« 48 =051
Wi By WA MR W EMAL A
JRE B Z5 A PR ERVEN B8R, R Lo(3%)IERL
B SEIG T ShVD S 7 M T2 S50k Tk, JF
AT Z M. TEMAMR R 5K R 7 E N
x5, EZREHTREEAWIERINE S, TEN
PR NER 6. GiRER, SHENGZEVED I
Wi KBRS B>A>C, H. %2 828 30 sk



+ 3126« ¢EB 2025FE5H B£56% B IW  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9
*4 IOHIETEE R
Table 4 Investigation of frying time

roailling JiE > B (ugrg ) e

[[/min  ILEB-3-O-FAXNMET Kokl WTFHB WIHTFHA  BiER LEm LWER W

5 487.1 136.9 680.2 681.0 229.4 72.2 350.6 14.81

10 541.9 145.4 626.6 664.0 245.8 103.1 315.7 16.36

15 658.7 184.2 761.4 792.5 284.0 134.2 348.3 82.79

20 629.7 191.8 694.7 812.7 258.1 170.7 384.0 81.48

25 624.6 171.7 707.7 758.4 263.2 155.5 338.3 60.33

x5 DHTFRXRIZHERKBZITSER
Table 5 Orthogonal experimental design and results for salt-processing technique of ACS

. Al B/ CI D S H (ngg ) oih
min - mL  (H) WLERE-3-O-F A WHEH K 2 0H Wi H B W T H A MR LIEm LER Y
S1 90(1) 15(1) 2(1) (1) 606.8 173.6 695.2 870.4 270.2 112.6 211.7 66.51
S2 90(1) 20(2) 4(2) (2 5721 166.1 684.6 822.9 2444  96.0 190.8 41.57
S3 90(1) 25(3) 6(3) (3) 585.1 167.8 704.5 837.1 239.6 101.2 192.0 44.77
S4 100(2) 15(1) 4(2) (3) 591.3 2255 752.5 885.3 3237 923 200.2 85.37
S5 100(2) 20(2) 6(3) (1) 551.9 167.3 618.0 716.0 2268 625 1775 17.30
S6 100(2) 25(3) 2(1) (2 575.1 169.8 712.0 844.1 2278 875 1769 34.01
S7 110(3) 15(1) 6(3) (2) 563.2 160.5 675.7 836.5 281.0 116.4 225.0 65.66
S8 110(3) 20(2) 2(1) (3) 505.7 142.0 572.7 681.0 2370 431 2023 14.20
S9 110(3) 25(3) 4(2) (1) 524.3 148.2 656.3 800.9 2223 89.0 183.2 21.16

K1 152.85 217.54 114.72 104.97
Kz 136.68 73.07 148.10 141.24
Ks 101.02 99.94 127.73 144.34
R  51.83 144.47 33.38 39.37

x6 HENH DAL 253 -3-O-FATXBEF L =9t W3t B.
Table 6 Variance analysis Wi Bt R, ILEMALERNRES SN
TEKRR  BETVHM AmE P BEH Fabr, BHIIAHRE (7X9); M4l “2.3.17 Tty
A 468.828 2 2 1.467 6 x HEA S, BAThRAELL, B ARECHERE; K bnifE
B 39359264 2 123206 K PLHRE SN SPSS AU [, %3954 TOPSIS #i
¢ omwemss 2 0807k R, THASHTT, AR T AT,
D (IR%) 319.457 8 2

BATLGE VT . b si it s i TENS

SRBITLREMEEW . WAL ETEBEW ST, 30 b AT InER/K 4mL, i 8h, T 100 CHbi
E MBS T 208 ABICy, BIEE 30 mvbsi+-1n 15min, 577 E&R 8, 45RNEKT.

K 4 mL, [)E 8 h, T 90 CHH| 15 min. ZiH 2.3.8 JEZIREZSHT (hierarchical cluster analysis,

“2.3.47 BUGHIR R RISIMNEIRIFN KE,  HCA) skt RH] SPSS 23.0 B AxS 9 #t#h
90 ‘CHHfil 15 min BIERVDIE AR AEIE B M| 2K . KIPIEFIEA AT HCA. PL “2.3.7” TN 2571
WA TE 22 o0 B A O vE SR i m w3l AntEGAERE R E . R AANER: . PO RIS
FHH T 2350 EAT HCA. 53R 3 fis, FEE RN 2 KK,
2.3.7 JEBL-TOPSIS VAR THE A RA K M JEBL-TOPSIS VAR R LR G VF4r 1T 3 A2/ S1. S7. S4
TOPSIS £ TFEM G IEHAMIES (DY) MHAHE RN, HRELHRRATAH K, HHH-
MAREEES (D) MZkh, EHTZBREE TN, TOPSIS VEARAY 73 b 46 I AR — 2, U BT g S
RFEAGE, # Iz N H T 2 B 28 B E Y. JEAL-TOPSIS VAR A 58, 0] UH T #hvb s
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®7 MEW-TOPSIS JKIFMITELER
Table 7 Evaluating calculation results by entropy weight-

TOPSIS evaluation calculations

%5 D D MXHEEE (O Hr4
S1 0.017  0.036 0.673 2
S2 0.026  0.026 0.506 6
S3 0.025  0.030 0.539 4
S4 0.004  0.047 0.916 1
S5 0.040  0.010 0.201 8
S6 0.028  0.030 0.517 5
S7 0.019  0.031 0.618 3
S8 0.046  0.005 0.098 9
S9 0.035  0.020 0.367 7

TEZEZHUNE.

24 HERXITZREIE

TEM RIS F AR b T2 53T 3 HIIER
96, SERIE 8. 3 KEIERE N FHIZEEEFD N
85.89, RSD N 0.32%, FKIAFTEALIHEEA R i
AR A — 8, IR ERR T 2w 1T,

P R R FE
0 5 10 15 20 25
s
s7]
S4

S2
S3E|7
S6

S5
ol
Sg——

3 EIPIEFEETZMALH HCA
Fig.3 HCA for optimisation of salted ACS processing

technique

2.5 UIEFER BB AOEEMR

2.5.1 Ml AR RELSET R “2.47 T
N T EH SRR & 100 g, AN
[ AR 2 ¥k, &5 1 M 1200 mL 7K [F7i 42
HU1.5h, BIHSEEUR, 252 DA 800 mL /K =l

*8 W TRRIZWIENSIEH AR

Table 8 Verification of salt-processing technique of ACS and comparison with samples before processing

e () oA

2 /-3-O-FAmXELE SRR H P THB O WITEA  BlE LER LER WS

1 551.3 213.2 704.5 816.3 3225 93.2 252.5 85.98

2 552.3 232.1 707.2 762.2 382.5 86.7 165.3 85.58

3 564.5 246.3 666.3 833.5 332.6 725 232.4 86.10
A 623.2 2155 668.2 452.8 384.2 26.7 122.5

FEHL 1 h, AIFREGHE. BERG 2 — N,
70 CEATHE 240, 19 THRE, WHE, i 65 Hif.
I3 AREL 5 g BT SRIPIETIRER, FIA 50
mL KEWIG, CKEIZE 10 min, WEIER, KE
VKAE 8 CHAK, .

252 HAFURIRENSE  FMEHPLE 50 ERY
f, B0 R, SN SY, B TAESE 0.5,
1.0, 2.0, 4.0, 8.0mg/mL Jt 5 NMiEIREH, A
/K B2 % 300 mL, MEFE 48 h 5, MEHEL M
FEToE L. 45 RRH, 0.5, 1.05 2.0 4.0 mg/mL [f]
YT RIFIAPE LA ICAET, 8.0 mg/mL Vb AE-F I
FIABE G IET. 5 B, FET-FN 50%. HHfhE 4.0
mg/mL VD37 BRI 2G24T Bk FE

253 sy, EELLGRY) KGETAET AB BAK
11 40 EBENL D AXTHRAL, BEAIAE ., Vo3l TR
siF2H, R 10 B, WIGHTZE R 24 ho BRXTHRA

Gb, HA 3 B DS 160 mmol/L ff) TNBS
W, 8h)E, MAMHLER 1 %, REMIEHLIF
Poth, BEMETTWE, RS MgESsHERL, g
JOHEFIAEN, 2SI R, HRIER R T . SEah A
(FFEFAFE KB 4.0 mg/mL 4= 2hVb3E 124
W, 29I 24 he MRV R 2l SR B K e R,
TR . SEEGEE RS, o RREA FIAL 2
2 B A i T 2H 23R AT S S5

254 ZRREY NS BHERBN 4 4R
faliiE, KA Bouin’s [HE W &€ 24 h, 55 H
TKEBER 95%- 85%- T5%LBEEHIK, Al
BT, B, RHPR R (HE) jufa, +
MRS e, W T M piE g . 453
WK 4 froR, XTHRAREgn i Mg S, FRE
AU HERIRI ST, R A B ER ARk, AR 2 25 Y B
&, MHEIRR BT R EL, TR R B s b
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B
LA RR 0, RO R R AR L
red circle colour indicates vacuoles; black circle colour indicates disturbed cell arrangement.
4 H. BIPRFNBDEHRERNFI

Fig. 4 Effects of raw and salt-roasting ACS on zebrafish enteritis model

SEF L BN ER VD ST 4 G AN B ) i R A
BUFIBEE SR, P i R e R, (HA
VST HARLE, VST A I TE AL GE T
B, HEPITE MR, RPHRIEHEL .

255 SilpH LS RAER T TNF-a. IL-1B. IL-
6 FITIL-8 BRI 43 S LS B S s i 2 2R, 4%
JREAAFLL 129 AN 0.9% NaCl %3, WFEE, B0,
B _F95W, 4% TNF-a. IL-1B. IL-6 Al IL-8 k77 &rist
BT, 2550 3 9. SxtIRAL L, g
TNF-a. IL-1B. IL-6 Al IL-8 RO B3 T

W

(P<<0.001), UiHIIERIpLT); SEAALLLEL, W30
T2 AN ER VD ST 2H AR 28 R TR i A R
%, BAGERE L (P<0.05. 0.001); FIA¥b7E
THME, FHPIEFHXN RAER T TNF-a. IL-1B.
IL-6 FH IL-8 BT 4% & AR — 28, (H LSt 2 =
X5 REVPIETFERA)G, X 908 KT IR el 1k
FABELF T A0, R HURAE TR BTl o .
3 e

2T B A 2, AN EMH S 2 T 5L
B & A2 B PR R B s e AR AN TR AR Ak, o) it

®9 IR TFRRAGENRDBERAKERFRMENFME (XLs,n=6)

Table 9 Effects of ACS on release of inflammatory factors in zebrafish before and after salt roasting (X £ s, n=6)

20 51) 7l &/(mg mL™") TNF-a/(pg mL™") IL-1B/(pg mL™") IL-6/(pg mL™") IL-8/(pg mL™")
X HE - 49.9440.83 8.40+0.48 9.07£0.05 12.73+£0.50
A - 208.28 +7.73"# 26.21+1.34%## 33.36+2.81%# 36.14£0.72%#
WHT 110.53+2.30"" 15.88+0.72" 19.69+1.49™ 22.52+0.40"
bt 4 102.11+2.31" 15.06+0.41" 17.62+1.20™" 20.82+0.34"

XA ##P<0.001; SERA K-
##pP < 0.001 vs control group; “P <0.05 ***P <0.001 vs model group.

AR S5 5 T & R AR RO Bl B R RO R
Plo ASZION ER VD S0 SV i A8 B 23 PR IR L
BEEL 2 T (hE 2580 2020 AERFHUE ISy, ¥
SEFHF; IR T VST A R 2 S 1 1) B
FKEsy, Wl ZEMmAILZR RS, R, Mg
TEAEH) T ESBORT REIFH .

5 HL-TOPSIS VAR AL A IR 77 2 H AR 3k 4>
BT — P73k, DT REAR TR R B R, A HT T
i, KA AT BB R, A 28R
BT E AT, R4 Rk, AR
B 5 NAZAB TN IE A IR IG 4 R VD S0 FRE AL 7 Fh i
RS R B f VA — A AR AT AL, FR ) TR 2SR
VT, TR TS T A K AR T,
BNEE 30 swybsivhn/k 4 mL, Wi 8 h J5, HT

“P<0.05 *"P<<0.001.

100 CHbiil 15 mins

3 HEBGAE 9256 45 1K RSD A 0.28%, R T.Z
BT . (HH TR KA AN AR
(& 2 L), MHIMFEMEAR, NP ER
KFEfE, #—PRIEZh T2 M.

TER PP s RS, A& E&A I
Wy J5 LA R M 1) B (1) 75 R T R A 5 M Ak 2 i 2y AR
AP 3755 NE YN i o 00 A D[ e o1 W o
F, WL TR ST B ST 80 & R AT
RGN B, T LU AT -3-O- AT NURE A1 4R
PACAS g1 YT b DI B

HOA IR SRR, R a1
A RS, RN E s &, H
YOI 9 160 ‘C123, R PR AT RE 2 IR T 24
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YIE SRS REE, RR CORBEORTT B, ik
AR AR s v AR Ao B R S R ()
AW FESE, SRRSFEER, 5TAM
A, SRS EA TG,

M AL R K TS 20 E g, 5
A BEAZ AT R AP BE W A 0%, (RE RS (] 24.5
min & 27.5 min [} EGGIELE LK EITFIHR, FIRE
AL BON RS, AR B o F AN LG 77 B AR
Ja 82K HPLC-MS/MS i AR FRAE 1] 71 J5 221k
R ) g, g — PR L o

BT, YIRS e E R
BLIEMSRRRRY, Kk, BMantmids, Ha
BACERARFRIMES CERAEH= AR )
FEAE R MR ST 20 oo . ARSEIG R, MR
DS BEAER S RN T T 10 %, RRHZES B
RABRHI G BIEVEFRE RS, R, R 1)
IR R G R 2 —, EEE—DIRA
W55

AR N — Pl A R 250 7, A 514
AT, HBRIT AL WA K R RN A . T
LSRR AR S SORE OV I FRARE A G O
SCHRIRE VD ol S T B R AP B e PERS . B
N AR SIS, AR . AR
PR A

A6 R BT £ s 45 i 6 R R 6 b S 1
R A E PR AE AT IR, X s A ST
SOEE R A3 0 R R e, SR AL A
b, AEVbat T K SR vb ot 125 ) oot B D fa g P 4
o RARRI A ZAZEL, (FAN M HES %, B
TNF-a. IL-1B. IL-6 F1 IL-8 HIREE:, {HE: V5T
MR AR, RFWIETEHRKG, Hiik
VEFRS A 58, ARG RS BLE VD 3 T 5 Ehvb ot
TRME—ENSE.
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