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microstructure of Astragalus fermented by 3 kinds of different lactic acid bacteria. Methods Astragalus was
solid-state fermented for 6 d using Lactobacillus paracasei, Bifidobacterium breve, and Lactobacillus plantarum. The
content of active components including total phenols and total flavonoids, as well as antioxidant activities including
1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cation (ABTS"),
hydroxyl (OH) free radical scavenging rates and total reducing power was determined. The flavor analysis was
conducted using electronic nose, gas chromatography-mass spectrometry (GC-MS), and gas chromatography-ion
mobility spectrometry (GC-IMS). In addition, the microstructure was observed by scanning electron microscopy.
Results Lactobacillus plantarum fermented Astragalus (HB-MR) showed the highest content of total phenols and
flavonoids, reaching 1.02 mg GAE/g and 13.69 mg RE/g, respectively. HB-MR also demonstrated the highest
antioxidant capacity, with DPPH, ABTS", OH free radical scavenging rates and total reducing power reaching
74.44%, 65.60%, 67.49% and 0.54, respectively. Different lactic acid bacteria fermentation reduced the original
stimulating odor of Astragalus, with producing distinct volatile flavor characteristics. HB-MR increased the content
of esters, acids, and hydrocarbons, enriching the coconut aroma. Additionally, the amounts of absorbed particles on
Astragalus surface were obviously reduced with compact microstructure after lactic acid bacteria fermentation.
Conclusion Lactic acid bacteria fermentation enhances the active component content and antioxidant capacity of

Astragalus, and reduces its original stimulating flavor. This provides beneficial bacterial strains and technical support
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for future product development, and accumulates data for subsequent research on compound microbial agents.

KEY WORDS: lactic acid bacteria; Astragalus; fermentation; flavor; active component

0 51 &
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[Astragalus membranaceus (Fisch.) Bunge]fy 1M, PRk
, R, TR, 2w Ry R B
TR RN, W B oA BT .
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Al); AT (A, IR A YRR A R A ED, TG
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fig )[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),
ABTS']( 4l B 98%) . 1,1- = 2 Kt -2- = ff 2 2 I
(1,1-diphenyl-2-picrylhydrazyl, DPPH)(ZLE 98.5%). /= T
(BEFE 98%) . BT FR(ZEEE 99%). 2-VWi(4EE 99.5%)( |-
A MR R A D), MRS B3Rk (bt B R AR
WHEARABRTAL L H); Bk R H AR Y HOR A R TE
EAFD.
1.2 UE5EE

SQP A3 KAE(KEEE 0.1 mg, JbEiBe 2 RIHTRL-{LE
HBRA ), IM-A6002 HLFRFE-CRERE 0.01 g, IEETTBE
e 2 A BN F)); SPX-250B-Z A AL 3746 (1 i tHm s
WABRA R ESF 4T ); DSX-24L & B8 K # fe( Fif
B2 BESTF 2 T); TU-1810PC 406 (b mt %
N 2845 BR 4R/ ]); Multiskan FC bR (15228 &
HRBHEA B F]); TDZ5-WS B O HLAS E AL B0 MR
RATBRZA F); TGL-1650 5 B4 R B AL B RH U A
FR 2 Fl); PEN3 H ¥ & (f8[E Airsense /A A]); GCMS-
QP2010Ultral = Gl Y \Rtx-5MS 43541 (30 mx0.25 mm,
0.25 pm)(H A8 24 F)); SPME T2 HETFA6 . 50/30 pm
DVB/CAR/PDMS [EIAHIMZE BT (36 Supelco 24 H]); THZS
(20 mL, K H: Ak E A YR A A ),
FlavourSpec® GC-IM KURFMHTL . MXT-WAX A3 (15 mx
0.53 mm, | um)(F4E G.A.S 22 +]); ISM-IT300LV 4 Hi 5%
(HAH FRE 4
1.3 LWHEE
1.3.1 SLBR W A Bk K A9 4] &

B R 40 Hf5, FREL 20 g 267E 250 mL 4B
o, JEEOK SRR 60%, 1E 121 °CTF iR R K 20 min;
FRAHIS, 4y 5IEEFf 20%0) T W ZLAF PR . 28 0 2LAT T
HYAFTFENEEMR, T 37°CLIE6d; KBEETE45°CT
HETAE . 433075 20 80T B FLFF T & I 95 6 (LP-MR) 3L
I FLFF T & O B (BR-MR) FIAE 9 2L AT 1k 9 o
(HB-MR)FE: St
132 EEB4Eae

PRI — 8 B (9 R & 1% 8 B (UF-MR) il & 19 8 B M)
(LP-MR . BR-MR #l HB-MR), fill A 70% F BT, FHE L
1:20 (g:mL), F 45 °CAEFTHEHL 30 min, $2HET 3500 r/min
B0 15 min, WL BVEW, SRIEE AR 2 K, A HER
W DA T ERAE A AR e R R A
PBIIA T mL B EEREUR . 5 mL AEAKENAI AT 4 mL R
FRENVAR, FEAMIRS); TEZIR RGO 1 h, F 765 nmih
R Pl E R s o [ R N s Ny RS il s T AR e o
245 (gallic acid equivalents, GAE) AU va 51
133 ERERAZME

FRIU—E T 8, LA 1:20 (@mL)RHE H A 70%

F s v, A HEE 15 min, MFES5HS 3500 r/min B5.0
10 min, M35 FEHR, B EL L LA, EE%E
B2 ), A9F LW, TS, DS TN
PR 2RI E B S . Ll 70% M BB A AS E, RO
WFR N 3 mL BHEIREE . 2 mL 60%Z B A 0.3 mL 7
RGN, 7B 6 min; HIA 0.3 mL fEREAW, 1RA), THE
6 min; HJFIA 4.4 mL EAILPERIRS], BUE 12 min
Ji, T 506 nm Kb HLm e (N R S OR A
SLEERL AP T Y (rutin equivalents, RE)ZE 748 .
1.3.4 AR T

08 ZHOU S ik RV ek, 45 T FEVR MORE i
PRI 1 g BEEER, TIA 10 mL 70% P EEAR, T 45 CClf 12
B 20 min, $EHURT 3500 r/min 5.0 15 min, WA FIER,
PR AR 2 K, ARG, PRI E

(1) DPPH [ H 25385 53R 0 2

w2 mL RO, A &A% = 0.1 mmol/L [
DPPH WA, KR A W SR8 S 07 = 550 Tk
30 min, F 517 nm ZbI s HEAR G RE (IS, S8k 4,5 IR
(49, 2 mL B R AR BRI 2 mL oK B s R VAR &R, 0 E HE
JERE(H A,; 2 mL DPPH 1 2 mL 70% 04 B RS W = hvi (R 2R,
e SR 400 DPPH H FHZEIEBRFITE A (1):

DPPH [ H1 3575 5%/ %=1-[(4,—4,)/4,]x100% (1)

(2) ABTS" A HEEE BRR M E

ABTS TAE#: 7 mmol/L ABTS #12.45 mmol/L i i 2
BRSRLL 11 (VIRG, TEEIRBREAF T RN 12~16 h, A=
BCUAEWG R B R AR, (M ERE(EAE 734 nm Ab
iK% 0.74£0.02, HEHL | mL ¥ ERTOGE A 4 mL ABTS T4
W, FoAMRE), RN 10 min, F 735 nm A0 & H
W CREE A [ BRI, R 70% F I R
ABTS [LAEWK, MW CEEME R 4;; R 70% P B BoE
ot AR BOR, MEWOLREME R 4, ABTS'H HETERR%
HEMAR Q).

ABTS" F 1 635 BR 3/ %=1-{(4; —4;)/4,]x100%  (2)

()% H H B TE Rl

¥2(hydroxyl, OH) [ H JLi# % 2 i SHEN 25120 )y gt
TE, ARG PIA 1 mL #ERIGEA 1 mL 9 mmol/L
BREREER . 1 mL 9 mmol/L /KAZERFN 1 mL 8.8 mmol/L i %A
R RIRAE, 78 37 °C U 30 min, F 520 nm Abj5E H:
WESCTEAE. Asampies K FH 70% H A R AURE A, DA 28 FIRE
S SEBE MR Aconor; R 70% FEERRAC 1 AL AR T, U
TEBFWCIE A Avackgromac OH I IETE BRI E W2
HK(3)-

OH A MG ER /%=

[(A sample_A background)/A comrol] x100% (3)
(4 RAL I E

I mL i FEIRBOK, A 2 mL 0.2 mol/L Ay 1R 5%
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M (pH 6.6)F1 2 mL 1%MZFALIEIR, 1A, T 50 °C
KR RN 20 min, ¥ JIA 2 mL 10% =& L& E
J N F 3500 r/min B0 15 min; =HL 2 mL e W, 435
HMA 2 mL ZE48/K F1 0.4 mL 0.1% =Z 4%k, B 30 min,
IR 700 nm 40 F I Y (121
1.3.5 &-F 8% E

FREL 2.0 g WIEFRME TA RN 20 mL A TZS IR,
T 60 °CT P4 0.5 h 5 TIE, B MEMEL 3 WOPAT
SCHG, BESLEOE L 3 YOI A B BB BOh: i
e SONER, WERMERRITN 5 s, (UG RETHE R 60 s,
K] 180 s, FAILE A 150 mL/min.
1.3.6  AAa&ig-igikm w

FEHAFREL 2.0 ¢ BTERES:, BT 20 mL AR EUHE
FEnTE g B FERERI B LIPS 30 min, HEHR
60 °C; K I AHAE L AE IR 250 °C F %4k 30 min, #1LiF
14 AR SR BBk A A AR ZE UM R, TREEZY 1 om, e [
AHAE T AR 2 AT 4, B 30 min, HUH I AR
1% - Ji % 7% (gas chromatography-mass spectrometry,
GC-MS)XHEFE T BEA T A AT, FEMREE 25 °CF#MT 15 min
Je AT E

GC #BAELM: B H Rtx-5MS (30 mx0.25 mm,
0.25 pm), HEFEFNREE 250 °C; BACHZAR, HdH 1.00 mL/min,
SRR, R 10:1; GERERFTHE, PG 40 °C,
{43 3 min, 4 °C/min F+ & 150 °C, {#4F 4 min, Pl 8 °C/min
F+=E 250 °C, f£¥F 3 min, MS £ T2 5 (electron
impact, EDJE, HLFRER 70 eV; B FIRIRE 220 °C, 0
T 240 °C; FZSHCN&HH; FRTER 35~500 m/z,
s E i NIST14 AR R4 7% b, BRVCHLRE KT 80 1Y
KR EE AT IIHT
1.3.7 &AA8E#%-B-F it

ST RS, FREL 1 g BEESRESD,
BT 20 mL Tz, 60 °CHFE 30 min, SFLF%E 0 500 r/min,
R 500 uL. S AH @3 -8 FE B i I (gas

A 14 -

—
o
T
Ho

o
o0

B = /(mg/g)
o o
=~ o

e
o

(=]

UF-MR LP-MR BR-MR HB-MR
25

chromatography-ion mobility spectrometry, GC-IMS)#:/E
ZM: R A MXT-WAX f6i5%F(30 mx0.53 mm, 1.0 pm),
KL 60 °C, UEFEETIREE 85 °C, BB Nm 4l
HAR(=99.999%), FrHTHSIE] 30 min. GC #AE & 5%
KR 150 mL/min fREFAZE; 0~2 min, <M 2 mL/min;
2~10 min, 2/ 2 mL/min 275 10 mL/min; 10~20 min,
# < 10 mL/min #2713 100 mL/min; 20~30 min, %S
A 100 mL/min,

i GC-IMS & AL E M AT VOCal &£ F
GC-IMS F3Hr 1 R R i MRS 2R, SR NIST il 128
IMS B e, AR LR S ) 4 2 1 R S A 7 1k
Mr, 32 Reporter fFXT HLEE i Z A% K122 5%, Gallery
Plot 1 {4 A= B3 & 4 B o3 +8 S L
1.3.8  #ULZ MK

SR F A4 F T 0 R ) A 1 O 5 A 2 4 0
E, NBEHE 10 kV, O 1000 17571 2000 1
1.4 HUREALIE

BAFERIAT 3 WS PAT LS, 53R LUOT I EAR
WEMR 223878, R Origin 2021 BRAS LA &% SPSS 27 #4753
Giih4rHT, P<0.05 FREFBE .

2 GER5HH

21 FAEEFABREABERENSBADRITSSENE

3 Pl R FLRR B (RIS FUAT B L eSS LAT o | Al
T PRT) 2 T T ) B R B 5 e 2 AN el 1 s,
BYITEPIR . Préafb . L= Tp b TR <5 7 I H5
BRER, & 1A AT, HB-MR A& i i 25 T Al 3
Tk BEE EE(P<0.05), 15 1.02 mg GAE/g; UF-MR, LP-MR
F1 BR-MR Sy 2 (6] TG i 25 5 (P>0.05), Bl i3
B4 0.92 mg GAE/g, &t s A i b T A
PERYE SR —P% fi & 1B AT, HB-MR B S & 2

B 16

ST i (mg/g)

UF-MR LP-MR BR-MR HB-MR

45

T AR/NE T RN R 82122 53 (P<0.05), 181 2 [ .
B ASIR) LR T R % B EC Y S 5 ek (A) AL 2 35 ik (B)
Fig.l1 Total phenolic content (A) and total flavonoid content (B) of Astragalus fermented by different lactic acid bacteria
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& T UF-MR, LP-MR #il BR-MR, %% 13.69 mg RE/g;
UF-MR. LP-MR #l BR-MR B¢l & & 2 [0 TG .5 1 25 57
(P>0.05), MEM &N 8.23 mg RE/g. ML, R
PFUAT TR K T R 0 I 25 48 e 2 B v B R BT 55 5
22 FEIABELZEEENMEAMESHT

AN FLIR A 2 e e e AR I S5 SR el 2 BT
No HEERRH, 3 MILR T & EEfE DPPH. ABTS#1 OH A
P B3 B 23 DA R I D g 3 i 2 A R (P<0.05); 5 B A
S A5 R —%k, HB-MR 1y DPPH. ABTS #1 OH
FH R TR B 58 LA SRR SR B R B, A1 ik B 74.44% .
65.60% . 67.49% F 0.54, #XF T UF-MR, 43 5 3 Jin

A 100

80+ a

Ho"

60 |

40t

DPPH H i &5 B /%

20+

UF-MR LP-MR BR-MR HB-MR
205

80+

60 b

40t

OH H L5 BR R /%

20 -

UF-MR LP-MR BR-MR HB-MR
215

A 2

27.81%. 26.03%. 27.07%#1 0.21; Tii LP-MR #l BR-MR 2
] T A A MR A7 T B 1 25 7:(P>0.05) . Rt 3 FlAN[A]
FLER IR & B RE RS 1G9 s B 1YL Ak, P HB-MR /Y
hrafbre it o
23 AEHABEABRKHNETSON

ANV LR TR K I B B 1 L S A BT 4 SR AN L 3 R
& 3A mIAL FERLST 53T (principal component analysis,
PCA)F ST A 94.52%, H P& —F sy (PCHRIH —
FERAPC2)TTHR A BN 86.81%F1 7.71%; AN[F] #EERE &y
TEPCL FRA 518, TRl LR I & I 35 1 5 UF-MR 7£ PC1
Wh EPEESI, K] 3 FhELIR L RS 1 W U T

B 100

80

Ho"

60 b

40|

ABTS" [ L35 5% /%

20

UF-MR LP-MR BR-MR HB-MR
ikl
1.0

o

0.8

0.6 | a

0.4} c

‘Elﬁj’?ﬂ (0D7oo mm)
[ox
S

02+

UF-MR LP-MR BR-MR HB-MR
205

ANFFLER H & BB TEMY DPPH (A). ABTS' (B)F OH (C) A 1 B BR R DL M MGk J5 F1(D)

Fig.2 DPPH (A), ABTS' (B) and OH (C) radical scavenging rates and total reducing power (D) of 4stragalus fermented by
different lactic acid bacteria

A0 o s UF-MR
681 2 LP-MR
_deer BR-MR
< 0.62f ®HB-MR
= 0.60f
< 0.58) \
< 0356f
o 0:54f
£ 032

030}

048}

0461

044k, . . . . . .

170 180 190 200 2.10 220 230

PCI1 (86.81%)

B—131 -

m UF-MR

?7133 L » LP-MR
g BR-MR
g —135¢ ® HB-MR
5—137 - @
A -139+
=i

—141

—143

~20 0 20 40 60 80 100 120 140 160 180 200 220 240
LDAI1 (99.67%)

P 3 IR FLIR A K T B S ) HL 1 55 S 020 A ] (A) R A0 5] 2347 14 (B)
Fig.3 Principal component analysis (A) and linear discriminant analysis (LDA) (B) by electronic nose for Astragalus
fermented by different lactic acid bacteria
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TEM R, HEA R [R] A# & P RURRFAE - ] 3B koL F- 5
284434 51 43 ¥ (linear discriminant analysis, LDA)K, i
SRR, HAE LDA [ MR BT ; LDA ) 2R stk
9 99.87%, A AEMEFIFILDADFEE —ALAMEH5
(LDA2)TTHRAT H 99.67%H1 0.20%; A [ FL7% b & T B 16
5 UF-MR i) MUBRA7AE W] 25 5 LP-MR 5 HoAl il
AR R, T BR-MR #1 HB-MR 7£ PCA #il LDA [ F#
HACAE, R PR RRY) AT — 8 R A AR AU

24 ET GC-MS WARAKREABEKELMER
WRRR 5 534

ENEEN At pod v st e e AN W e S B
P SR, UF-MR A AG I A3 A XU 170 1
FQ AP, MER AR, WA 3R, BRI OFP, MK 4F, k2
27 R, HAE 3 A LP-MR rp MRS 44 K P KUK B 45
ME O Fl . TS 7 R, RS 4 Fh . BRJS 6 B, BRIS S Fh
FEIE 1L Rl B 1Rl HABE 4 B BR-MR Hr 3G i 452

®1 £T GC-MS WARIFLERE % B EECE L M RIR R 5 74

Table 1 GC-MS analysis of volatile flavor compounds in Astragalus fermented by different lactic acid bacteria

s3% Lot CAS B Fie100e)
UF-MR LP-MR BR-MR HB-MR
1-J% 71-41-0 8.52+4.98" 0.94+0.50° 1.08+0.48° 1.08+0.34°
2,3-T 513-85-9 3.84+0.23" 2.5240.97° 2.24+0.21° 2.85+0.96°
1,2-T % 584-03-2 ND 0.38+0.12 ND ND
1E 111-27-3 ND 3.38+0.15° 3.96+0.34° 2.50+0.18%
IE B 111-70-6 1.99+1.22° 2.42+0.01° 2.41+0.51° 2.50+0.13°
e 125 -3 - 339-86-4 4.64+2.47" 2.09+0.30° 2.25%0.21° 2.48+0.26"
- 11 = 112-70-9 0.38+0.08° 0.66+0.54* ND ND
FAL T2 552-02-3 1.52+0.34° 1.58+0.30° ND 1.78+0.16
% 100-51-6 ND 0.91+0.17° 0.83+0.18° ND
1,2-p¢ i 3710-31-4 2.00+1.14 ND ND ND
2-C FE-1-28 i 2425-77-6 0.82+0.67 ND ND ND
g 128-37-0 ND ND ND 1.70+0.57
(St 66-25-1 42.17423.40° 11.12+4.27° 16.81+2.28° 12.34+4.19°
T 124-19-6 5.30+1.00° 3.43+0.75° 4.02+0.17* 3.87+0.46"
25 112-31-2 1.17+0.39* 1.07+0.49* 1.43+0.05° 1.50+0.37*
Rk 2- T -2 T 13019-16-4 7.49+4 48° 4.73+1.49° 4.67+1.40° 7.4942.41°
- 4-F A -2-C A 20697-55-6 ND 1.31+0.85* ND 1.90+0.78°
(E)-2-BEIa 18829-55-5 ND 1.49+0.30° 1.64+0.18° 1.25+0.68°
B 111-71-7 ND 0.51+0.14° ND 0.62+0.03"
2-C Ml 505-57-7 ND ND 0.74+0.54° 0.98+0.16"
3-2F 4 -2- 1669-44-9 4.65+0.86° 1.53+0.28" 1.80+0.19° 1.90£0.21°
(3E,5E)->-3,5-J-2-T 38284-27-4 18.02£1.36* 6.86+0.42° 8.10+0.66° 8.58+1.37°
[IEES T SGALTR 927-49-1 0.97+0.17 ND ND ND
2-2 IR C N 4423-94-3 ND 2.27+0.86 1.75+0.03 ND
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1ECL R 2 e 3050-69-9 ND ND 1.65+1.20° 1.78+0.85
y- 1 g 96-48-0 ND ND ND 1.17+0.26
N AT P BiR 104-61-0 ND ND ND 23.53+14.44
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4y o CAS & 8 /(ug/100 g)
UF-MR LP-MR BR-MR HB-MR
7R 64-19-7 54.20+4.55° 49.48+0.85" 55.92+12.01° 61.52+8.63"
BEIR 111-14-8 7.24+0.31° 4.41£0.47° 5.27+1.28° 6.7842.74*
FIR 124-07-2 3.8140.62° 4.08+0.81° 3.70£0.43 6.0243.20°
[I7ES TR 112-05-0 0.74+0.28 ND ND ND
IR 1979-9-4 ND 3.32+0.10° 3.51+0.59° 3.74+0.28°
R 109-52-4 ND 4.10+0.98° 5.22+1.70° 4.47+0.46"
FRA 2 1957-10-3 ND ND ND 0.78+0.41
+ =k 112-40-3 1.65+0.21° 2.14+0.50° 3.00+1.08° 2.65+0.17°
[N Nul 180-43-8 2.00+1.40 ND ND ND
RN LIPS 629-59-4 4.29+0.76" 6.06+1.04" 7.11+0.62% 8.44+2.29"
i 112-95-8 0.85+0.31° 0.89+0.25° 0.91+0.12° 1.21+0.58°
EF7NEE 544-76-3 2.24+0.93" 3.25+1.20° 2.53+0.65° 2.56+0.82°
2,6,11-=H 3+ k¢ 31295-56-4 0.66+0.29 ND ND ND
pek FEBE 638-36-8 0.66+0.20 ND ND ND
4,6- "I "k 61141-72-8 ND 0.62+0.85 ND 0.63+0.03
+Hke 629-62-9 ND 1.09+0.24% 0.98+0.24° 1.32+0.18
25 13187-99-0 ND 2.17+0.41° 2.75+0.33" ND
EE 629-78-7 ND 1.68+0.04° 1.38+0.32° 1.9941.32°
IR e 22349-03-7 ND 2.33+0.41 ND ND
1IE %k 629-94-7 ND 1.14+0.09 1.38+0.33 ND
3-H B 6418-44-6 ND 0.48+0.29 ND ND
2 ENL) 1980-5-7 ND 1.27+0.13* 1.38+0.35° 2.32+1.47°
& 17334-55-3 0.80:0.15° 0.66+0.05° 0.65+0.09° 0.73+0.05°
TREAE 2435-85-0 1.05+0.13* 1.18+0.03° ND 1.24+0.18°
FMEER 5273-85-8 1.77+0.09 ND ND ND
HAh 2k AR 79-19-6 ND 1.48+0.18 ND ND
CHE 628-73-9 ND 0.63+0.46" 0.47+0.04° 0.46+0.09°
IR 79-19-6 ND ND 1.23+0.23 ND
2,3- " UBEWY 1120-59-8 ND ND ND 0.70+0.04
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Fig.4 Gallery plot (A) and top view (B) of volatile flavor compounds in Astragalus fermented by different lactic acid bacteria
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JR IR ] B2k EE R AR AT AR, S AR B,
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FE: AL UF-MR (1000x); A2. UF-MR (2000x); B1. LP-MR (1000x); B2. LP-MR (2000x); C1. BR-MR (1000x); C2. BR-MR (2000x);
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Fig.5 Scanning electron microscope images of Astragalus fermented by different lactic acid bacteria
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