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Abstract: Objective: Astragali Radix (AR) is a traditional Chinese medicinal herb that has been reported to have both
medicinal and dietary applications. In this study, fermentation with Lactiplantibacillus plantarum NX-1 was employed to
enhance the antioxidant and anti-inflammatory properties of AR, while also investigating its influence on the composition
of AR. Methods: The enhancement of fermentation on antioxidative and anti-inflammatory activities in AR was assessed
using in vitro free radical scavenging assays and a lipopolysaccharide (LPS)-induced zebrafish inflammation model.
Meanwhile, the antioxidative and anti-inflammatory bioactivities and total phenol content of fermented AR (FAR) were
compared with the AR processed via traditional hot water extraction. Following this, untargeted metabolomics was
employed to analyze compositional differences of AR before and after fermentation. Results: Fermentation significantly
improved the antioxidant capacity and total phenol content of AR (P<0.05), that significantly increased DPPH and
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superoxide anion scavenging activities. Compared to the AR processed by water extraction, FAR had a better antioxidant

performance in vitro and higher total phenol content (P<0.05). In the zebrafish experiment, FAR significantly inhibited

neutrophil recruitment (P<0.05) and reduced nitric oxide (NO) and reactive oxygen species (ROS) levels in zebrafish model

of inflammation. FAR gave a better performance in elimination of excess NO and ROS as compared to water-extracted AR

(P<0.05). The untargeted metabolomics analysis between AR before and after fermentation revealed that fermentation

significantly increased the level of multiple compounds with potential antioxidant and anti-inflammatory activities,

including garcinol, syringaldehyde, ellagic acid, bixin, sibiricose A6, 3,4-dihydroxyphenylpropanoate, 4-acetoxyphenol,

isorhamnetin3-O-rutinoside and p-coumaric acid. Conclusion: Fermentation with L. plantarum NX-1 could significantly

improve the antioxidative activity, anti-inflammatory activity and total phenol content of AR. The enhancement could be

attributed to the increasement on relative abundance of bioactive compounds by fermentation, suggesting the significant

advantages of fermentation as compared to traditional water extraction in AR processing.
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ENTRISEN S Astragalus memdranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao [/ T-HAR ; A4
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21 ) FREUCEE B3 1:8(w/v) in A dlizk, indi =
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B 0.03%~0.04%), ¥R 28.5+1.0 °C, 14 h J:HE/10 h
SRS IE AU . B fn g H M P U= IR, 52
IO, BEMLEHURAEBE S 10, #4101 BYBfEHE Fb Bt 4T
HoAh . IERGTECHBIITT RIS Y= AR, s 8t — itk
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(1 mg/mL)#ZEN7 RIEAETY, 25 (LI S M EST 2 nL
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4 mL AR, FAR. ARW(0.5%, v/v), FAPEZGH2E I A
Hb ZEKAS (Dexamethasone, DEX) (4 mL, 50 pg/mL),
FERIZH FN2s AN A PBS(4 mL), [FIHF 8GR E 6
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31K, 0.02% = K B BREF, & FH 2200 W 530 58 UL &8
NO FEGH8 I, JH Imagel $/FEALDE 6o M
AP NO & 5. ROS &Kl £, S hd S
NO A3 E, £SOB 4kl it DAF-FM-DA 24 A [6] ¥ BE i1
DCFH-DA, W& 5420 28.5 °C #CIFE 30 min,
1.2.9 dEHE AR AL 24 5r M1 =% Truver 447
Tsugawa %526 FI Dunn 2527 (1 J7 32 im & e, 2R
LC-MS JEFTARSE A QT 240 . B 100 ul £ 5
BT EPEH, IIA 10 puL PIfR (L-2-540 2K 7Y & iR,
0.3 mg/mL, FFEEACH]D) , WRHEPRS 10 s LA 300 pL
B A RUTIEF R B 208 (2/1, v/v), iREPR 5 1 min,
VKK B AEFRER 10 min, —20 °C #& 30 min, 4 °C,

13000 r/min BS.C» 15 min, B 200 pL _E3#§W T LC-
MS 531 EIEFEAR(QC) Hi T A FEAS i $ B £5- B
20 pL SEARBUR A 6l 45 1. BESIERE T ACQ-
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Vi 0.4 mL/min, 28 PEESE 15 min, WBIAH A R
0.1% H PR /KEE W, A B A& 0.1% H IR 2,
Ao AEIETEEN 40 Co BEEVEML: 0~1 min, 2% i
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A1 3500 Vo FALERMYE 1 E R 35 psige TEX
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Ho4 8 L/min, TR 320 °C. AlbfdEREIG I
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4.90) AT b B 5 I T4 H PR R MASSBANK Fl
METLIN X 1E 71 2§ 78 20T AR H 0617 8 1 5
BT, R FL AT WIE o A4 BT g W T AR, AEREAS I
BEATIH—ALAL B, ZREUY) BT AAERT R ih &, Z G 1ERE
AL XS ) B TS24 50T . ) 22 453 BT
R T HAfJ MetaboAnalystR &%
1.3 #iEAIE

{# FH GraphPad Prism 14 (8.0.2 iR AS) #E47 %X
PEMGET T3 AT, LRI 2555 R B 2 ANOVA
Sy, 45 S L MeantSEM %7K . R A Origin 2018
AT, P AR ING FREFROR A A R 25 54
P, MF B /NS FREFE B (A 1 22 5 AR B 5, B
P>0.05, FTeGe54 72 X ANFE/ING 7B B2 [R) A7
TE B2 5, B P<0.05, BG4 X .
2 FERS5HM
21 ARMIAXHEENFIMIEHCIIEREBHEE

H:F DPPH FIRBE BT+ A B 2R RS e PG
AN Ty X RS MU A TR . A B S
AT, 23R BCHA ) B iR A B2
BUARI A, 15 BRad 2 1 1 i 38 )T 4 RE A f
FRES, B & 1 AT, £m Ty e B M RE
ROk DPPH H | AL, o R I S FAR MOTE BRF
S 89.74%+1.03%, FHES T AN T/ A= 85 B AR 1Y
85.58%+0.37% LA M AL G /K $ETEIN T3 S ARW [
83.28%+0.44% A . FHE 5 (P<0.05) . [FIAT, FAR X
AT H R RIE RN 98.54%+1.18%, W3
=T AR FJ48.99%+0.36% FITARW 4 48.91%+2.04%
(P<0.05). AHT5E3<H DPPH 1 LA REE T H,
FEF, B ERAE T A H LS R FT a5, U
BH & i pE n] e nT LAIAE i AN W 7 201 | i 35410k
o e GE BT AR E P,

B 2 G W) A Y P — 28 EE 2 A R AR A
Yy, I BT BT ARG TR, REOSTE R A 3L
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Fig.1 Antioxidant activities of AR processed by different ways
in vitro (n=3)

TE: AR TR 3R 2257 13 (P<0.05); 18 2, &1 4, &l 6. K] 8 [F],
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Iy AR B S B, SR INE] 2 R, SR
TR AR B9 R & 247 0.3020.0018 mg GAE/mL,
1M FAR il ARW 1.8 & =43 5124 0.34+0.0085 FH
0.28+0.0026 mg GAE/mL, 4541 6] 14 B . & 22 7
(P<0.05). "JOL, & RERGH MR S 2158 T W
EHRES, /KRB T X A R BUSCRA B .

£ I, SIS SIF B AU NX-1 K TiERE

a- 7 [ 2AL R AR A

b- WAL P 4 SR AR

c- DEX4 ki 45
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AT

B v e 23 2 2 0 N i 1| M B A= W 0= Wa Y OE s a i o o1
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SR TRISZ GG 9 B A v B SR R S UG e AR 2L
G, B2 R OB St R AG  5E T S AN R BERE 5
(0%~2%, v/v) [ E3 JKHIEE 72 h, 45K F07 0.5%
(V/v) BIAS- LA il X BRE 20 £ IR G B A0S SR AN L R 4
TE 90% f LI, HIgAES BT fa kT WiE, ok
RETZR AT G 22555
2.2.1 HIRAETA PR AN R4 Pk dni
TESNE K& )5 e PO IR 8 2 RIET S 5IEBR AR

d- FARZH P 4 i SR 4

- ARZH kA it 2R 4R

f- ARWHL Hkfi A i R 4

P 3 ORI Ty 2 X B L £ B B b v P 40 SR 5 )

Fig.3 Effects of AR processed by different ways on neutrophil aggregation in the yolk sac region of zebrafish inflammation models
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PR B I AN S8 0E B N7, {HL 3 B ViR R 25 7 AR i
ROS Ko H:Ath 40 R 7544 7= 45 | e 40 U453 453 Fin 4L Ak bz
I, Y AR A SR AT ) TGS ST IR iR
X BN B AR AL TSGR AR AY TRk AN i O B T4
T, G5 UNE 3 FE 4 R, RAEATLH BF D 46 PF 2
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Fig.4 Quantitative analysis of the number of neutrophils in the
yolk sac region of zebrafish inflammation models treated
with AR processed by different ways (n=6)
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Fig.5 Effects of AR processed by different ways on whole-body NO fluorescence intensity in zebrafish inflammation models
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Fig.6 Quantitative analysis of whole-body NO fluorescence
intensity in zebrafish inflammation models treated with AR
processed by different ways (n=6)
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Fig.7 Effects of AR processed by different ways on whole-body ROS fluorescence intensity in zebrafish inflammation models
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intensity in zebrafish inflammation models treated with AR
processed by different ways (n=6)
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Table 1 Metabolites with antioxidant or anti-inflammatory
properties significantly increased after fermentation of AR
HR VIPfH P I
W73 3.4657  0.0098 B bR
T 26819 <0.001 B RHT R
AR 23884 0.0432 B RHT R
JIH e R 19109  0.0027  PUEALAHTRS
PEAAFI S EAEAG 1.5335  <0.001 B
34-CRERILNTR 14904  <0.001  PUEALRHTHRLTI
4- LTS 13788  <0.001 Eiean Al
FRABER3-0-ZERET 13085  <0.001 B LRHT R
X A TR 1535 0.0341 AL

21 ROS. NO FIg Bt & Ay (PN &), s/l i
JEIRFE R T A1 AR AN AR R R T Rk, B 5
FALYE AR i E AL RS R R LB TR, T
Vb R R AE DG IR R R s AN S B . AT
AT LI i BTG toll BESZAA 4 (Toll like receptors 4,
TLR4) A1 #% A T «B(nuclear factor x-B, NF-xB)
TGk, FEARPT B AT NO ZKSF, B smia Sk i1k
Bt PR BB TRPLEAL R THERL . BRAE R RENS 55
A B AT | o S S RN A B H RS 4, Pt
4l A2 18 A I IR FE - a( Tumor necrosis
factor-alpha, TNF-a) /g 5¢ K- 7K -1 75, AT B
I AR MyDS8S Fll TLR4 FEPHI ik FEMIHIH] TLR4/
MyD88/NF-«B 5518 B TS RAETE R, sk, 9
PRI PILAT 2R L T BAER . SRR ER-3-
O-ZEFFEH | X EHFEEMRHM 3,4- SR IRILINIR YR
FTRAEY), 5 2.1 TP RRG B pS R & il 5 4
R PILESAH—B R, RS EA e T A it
P S 2RI AT BB A P o R DU AR AR T P
SRR R 2 —, HARMY) B I HAE s A n Ve S e 4k
TRASSIE A P ot FE DS L 0 A 2
3 45

AEFFER A ZUAT T NX-1 XF 8 [ 7 A& B,
X HAT AR . B0 R TR LA M AR ST BE B 1 2% At
ATRAGT. 158, KRS DPPH [ i 3L AT
FBHES T A IR R R4 35 8] 89.74%+1.03% Fl
98.54%=1.18%, & 19 & i °A 0.34+0.0085 mg GAE/
mL, FEES T A B A W RS (P<0.05), IF LT
G HOK PR BE I L3 e (P<0.05) o Hk, X+ T
LPS i S IBRE L SO0E, K TR e B REA KM il S e H
L iy MR AR I SR A, FRAIREE S /A PN ROS Fl NO
KA, I R AP R AP 28 05 4 HLIE B ROS
T NO R T35 KR Y . i, ilad R AR
UHHH 2E T, UE B & 7 R S 2 A AR HE RS A  JRZH A,
FIELALFE 9 FIPETLETIRUR ST FEIIY 192 FhCis I
VA, AR 157 BRI N, 585 T & S e
AR S IR SR TR A SCEK . ASTFSE Ry B EE TR )
BT 3L T B R A 2k A ol T T 2SS, B

TR I IR AN TR R N T AT R
PREXT B B0 AR O, A 5 it s g IR
KA, NG EL S AP BIE SR . RN, Al
W ECPUARME L TR YIEAIEE LIS Bk = B AR IEE,
HARRATIOR B F DI K T AR o R,
FT/ NS AR SIS AL Z 3 S E T Tl ek
PR AT AR S TR TR L
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