416 % 453 JEg I R Vol. 16 No. 3
2025 42 Journal of Food Safety & Quality Feb. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20241031004
SIAER: L1k, 4402, JHiam, 55 RIMNEXT 45w 85T EALIEPE K o707 28 BET B RN o-Ja A9 Bl 300 1) 356 2 P s i [0,
B2 TR A IR, 2025, 16(3): 176-183.

JIZY, JIN HJ, ZHOU ZQ, et al. Effects of in vitro digestion on antioxidant activity and a-glucosidase and a-amylase inhibitory activity
of Flammulina velutipes powder [J]. Journal of Food Safety & Quality, 2025, 16(3): 176—183. (in Chinese with English abstract).

ARAMAAERT S DURAL TR TE R, o-fn% B
TEHT oD 53 ORI PR 55 M

B | A2 RElsig ' ERERR, BERY, FHE L ras”

(1. AR KA MRS TR, A SR A S5 T TR O, TSR ERES
GREAE L, MR 210023; 2. HE KT GK BRI ZIN=E, K 745400)

Ll

B F: B EIIRRAINEET S H PRI E R o- BT AN o-UE R B S ML s, LA
B AR A S AR IS M R . R AU E N SR TR . B RSN LA H T
HEATAMHT, DL O1,1- 2R RE-2- =l SR M1, 1-diphenyl-2-picylhydrazyl, DPPH) H 1%, OH B hi5:. O, A &L H
2,2 R - -3- 2, FEFE FE HE MBI -6-Tif IR [ 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), ABTS']H Hi3& . a-
AT REA o-VER BN SIVE I o 38hs, XERRITHILBT B 5 i Pl f b I P T . BBR &
A RN AL S PT A LIS PE 358, %) DPPH. OH. O. . ABTS™H Hi3LiERREE S LI, LB A LRE S
T AREH . X o- ARG a-TE R BB HIE AR, HAS5 R R EA DG, 2 A0S X A EE
TIVE R . G530 S FHE RSN AL S e B T P R B S PR 5, R IIIH AL R R O RO Y 5 4
Bl i A s I, (BRSNS T 5 YR SE BRI O G R o AR A BT i i A R
TEVERF TR AL T LA

KBRS RSNETL, UL s TE

Effects of in vitro digestion on antioxidant activity and a-glucosidase and
a-amylase inhibitory activity of Flammulina velutipes powder

JI Zheng-Ye', JIN Hong-Ju?, ZHOU Zhi-Qiang', PAN Jia-Xin', XU Zi-Yi',
WEI Bo-Yi', SU An-Xiang'"
(1. Jiangsu Province Engineering Research Center of Edible Fungus Preservation and Intensive Processing, Collaborative
Innovation Center for Modern Grain Circulation and Safety, College of Food Science and Engineering, Nanjing University

of Finance and Economics, Nanjing 210023, China; 2. Vegetable Development Office, Heshui County, Qingyang City,
Qingyang 745400, China)

ABSTRACT: Objective To clarify the impact of gastrointestinal fluid digestion on the biological activity of

ks B EA: 2024-10-31

BEE&WMB: 108 s A R Rk 2 400 H (BK20231303)

E—EE: LIEQ2002—), 5, B-LWFEA, FEO T My ah iR EE . E-mail: 13956761103@163.com
MBIEIEE: IREAE(1984—), T, L, BIEER, FEME T RS E SR, E-mail: xiangansu@126.com



%3

Ak, S WAME T G T a BB B o= R AW T G o DA TN T 135 1 14 52 )

177

Flammulina velutipes, to investigate the effect of in vitro digestion on the antioxidant activity and a-glucosidase and
a-amylase inhibitory activity of Flammulina velutifolia powder. Methods In this study, Flammulina velutipes
powder was simulated in vitro digestion of intestine and stomach and analyzed. With 1,1-diphenyl-2-picylhydrazyl
(DPPH) free radical, OH free radical, O, free radical and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS") free radical, a-glucosidase and a-amylase inhibition were used as indexes to study the antioxidant activity of
Flammulina velutipes powder at different digestion stages. Results After in vitro digestion, the antioxidant activity
of Flammulina velutipes powder was enhanced and the free radical scavenging ability of DPPH, OH, O, and ABTS"
free radical increased. The antioxidant capacity of the digested group was higher than that of the non-digested group.
Its inhibitory activity against a-glucosidase and a-amylase was also enhanced and positively correlated with the
concentration, and the strongest inhibitory effect on 2 kinds of enzymes was observed after intestinal digestion.
Conclusion The antioxidant activity and enzyme inhibitory activity of Flammulina velutipes powder are enhanced
after in vitro digestion, which indicate that the digestion process can release and enhance the bioactivity of Flammulina

velutipes. However, in vitro antioxidant activity is not directly related to the actual antioxidant activity of the material.

This study provides a basis for the processing and utilization of Flammulina velutipes and its activity research.
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M FEZEME(1,1-diphenyl-2-picylhydrazyl, DPPH). 2,2°-BXZ%(-
W3- 2 B 2R IE wE M ook o-6- ¥ 2 [2,2°-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid), ABTS]. 3,5- filj3&
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. BSEAXIRA, EE IR B R . s g
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?%I&%%%/%=M°_(j.7i_/12)] x100% (1)

K, Ao HEEREBFESBOGEE; A, I AT RTHEARE &
I ICIE s Ay N AR DPPH IR WG

(2) O, H FHZETE bR AE 1 5
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FHRA), @Y S min 5, 78 320 nm A AR E VTR )
WOGRE . T R K (2) 1A
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FEMSVENCHE  HERTFRIL 38.4 mg ABTS FHB4lKELF] 10 mL,
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2.1.1 DPPH & Wi FArkat hegm e 4R

DPPH & —Fd: ¥ FaE 9 H i 2, I DPPH % H H
SRR HA Y . W SEAENR A, R
FR VAT DPPH AR A, 78RS IREE o i o — B it a) /&,
T S S AR R AE AR DT IR, AR O AR
A E RS DPPH [t 39T BR R, DPPH T2,
BRIV W R L0, I A SRR BY B L E RS,
DPPH eV H I 0 & 5Pk 25 &, B
Mk, SPARLGlE, HRERTME®R, Tk
FERRAR, BRIk, R WIAARERES 5 A TR 3
LB B 45145 DPPH A HELEBRBE S, 4R WE 1 iR,
F P 1 T, A5 aE T AR IS bR DPPH [ B 3L A B A 3y
Rt TH AL AR WA T, H DPPH At 3L iEBRCR 2 HT 0 & .
DPPH A Hi2E7E R M 46.74%38 5] 67.12%. 75 5 LB

o~ R 2 BT T 1 B0 461 2R o= [1 J x100% (5)
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B, 75 (N R4 RER R X B4 Y DPPH 7 BR ¥4 W] AR
1k, Wi Z R ARFETE B 3 22 57 (P>0.05), BiHfbdA 55 H
XPHRZH | AR ER N B 2 ) B 0 2k 25 7 (P<0.05), &
THILJE ) DPPH I BRRH LT ARIEAR I T 111.31%,
BERTRNMA . ZilmiEHs DPPH H hETEREE
N EBEHEEKER . B AR E, Shan
AL, Wi b4l DPPH A i3T5 RREE S 3E58, TEEREN
67.12%, BERTHE A4 P<0.05), WAL, 44 m5nt
DPPH H M5B #0m WE BRACR, JEH4H . il
P T 425145 DPPH [ BLI5 BRE

80T 67.12
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Fig.1 DPPH free radical scavenging capacities of Flammulina
velutipes in vitro digestive process
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AAFAE 35 22 57(P>0.05), B THALAL 5k AL AR LI BR R4
TR T 135.56%A0 132.35%, f71E &M 2557 (P<0.05). &
BIHALE Y Oy H Hy JL 35 B KA b F AR A i 3 m 1
126.94%, BB BEZEFME. 4dlmiEHEis 0, A HILE
PR BE T S A A, T TN AL AL B B R R RE )
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T REE S

36.51
40

—

351 29.10

27.24
30

——io
—— o

25| 21.56 20.20 20.63

HH e

HH &
=

20 H

0, H HHHERRR/%

ARIH HH Hz &R BH =
fedll fkd Bl Wkl A4
451

B2 BHEHIARSNY L RO, [ i EEERAE
Fig.2 O, free radical scavenging capacities of Flammulina velutipes
in vitro digestive process
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. 24 OH WEFRFAFAENS, OH TERRA I A ke &, 7
RO AS AR T EERE AR, OH B th 2T bR 2 2 i 4L
RAFIMEEISIRZ —. S mEElE . it P
OH H HEEFRBE I 28k siani&l 3 FT7R, OH H M AETH IR
FM 28.92% FTHE] 41.43%. BIHALBEL, 75 (Xt A AR
PR IR OH H H SV BR300 B B 28 ik, MLz alAs
FEAE 22 7(P>0.05), BIHILA S RHMLAAE L, WHFk
KT 156.72%, WHE & F 25 F X B4 FIER I8 o) i,
NI AT A EA B3 T2 5 (P<0.05). TEfm TR B, iE
— AR T FEE A EERREE T 3G, M AL bR
K 41.43%, BERKTFWHZ X IREP<0.05), Mk, 4
Fraixt OH B A W B i BRaCr, JFHAS | mibibE
Hkk OH A hILse A — e BE T, .
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Fig.3 OH free radical scavenging capacities of Flammulina velutipes
in vitro digestive process
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2.1.4 ABTS AWAFRFHR LR

ABTS EHAEfTE, HEffdm, rIVE P a L prs
Bz B A 4 FR, 6 FhRES S ARSMERI IS
ABTS VEFRAE 7 S B AL AR A ka4 . 72 B WAL B,
B . H S AL ER T R4 ABTS™ H i 23 Br s
EAN R, WAL Z RN AETE 3 P 25 53 (P>0.05), 5 R I
R A, B A4l ABTS™ H i JE 3 By R AU K T
101.11%., 4R&Lit ABATH LR B, ABTS™ A H3LiE R AE ) 2
B A R B, TR AL Y ABTS EBREE I mk = T
W2 Ed, EERAREK T 101.05%, B4 60 W& 2
F:(P>0.05). 5 B HALBY BEA L, Wi bl 2 1.05 1%, 77
TERFE 2SS mLEGRAT UIE H, 2 BN 45
% ABTS' A L TE bR AE 1A T ag, (HAR L HOR K,
LIS ABTSTBIRAEIA TR EHF.

100 ~ 98.67

a
9 1 97.64

98 +

e

97

96

94.09
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9306 2 9335
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——ic
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RH O HIH Hz  #HR b b=
(R N = - D O ) S < N = ¢
41591

Fl4 G EEAsNEL RABTS B LB g )
Fig.4 ABTS" free radical scavenging capacities during in vitro
digestion of Flammulina velutipes

ERLE . ik R, 6 FhER A AP A AL T
(DPPH HH3t . OH H A%, O, A A ABTS A AL
BRAEIDZIAE A s . HIFHET R, Wil iAksME
PUE . BiEk, STk 2. ZE . %
Tl 55470 AU PTG T A e R s ke, A L AR 1 W R
Fho PUEALIE Y 22 50T BE Rt T 2 B A28 B S50 4 Tk
LAY i AR R T R 300, I FLX 2 il o 5 45Tk 1 B

TRRE T IEMISE . FRIL AT LIGEI, 2Bl . i
J&, At S W U AR AE T R AR R, R Y
i, A4 g BT AT PR
22 RINEUT S EHEEIT - B EPEE IR RIS
SR - A AT B E 25 R A0SR 1 PR
1 HRRT LU H, 7 RV [ (2~10 mg/mL)J,
o1 2 R AV 1) 256 WA o VR R P B KT R i, SR
—EMRROE R . MRS R YR B TE 2 mg/mL B, X o7
BT R0 O TS, WA 14.06%~18.81%, Kl
RIS 10 mg/mL, X oA W A A
B3RS, BRI N MHIRIAE T 30.48%~35.46%.
AT ABBE, a- 8B B A E 22 5 Wi T
AUXT o R T 0 1 I T AR T AR AL, B T
THALA o AR TH AL 0 FE R B2 (half maximal inhibitory
concentration, ICso){H & 41.158 mg/mL . 3 #4 E L5,
SR o R IR A, 1Cs (A
32.857 mg/mL. [Flif, SAREMAM L, HAAR 1Cso 3
Ko Mt — BRI IE LR, 1Cs, (E4kSE NI, R igiE
THAR IS 2 L S T AR o . AR B g R R, A
B IHEWNE, SN a- 4T BRI RS A T
B 2T
2.3 RINEIT & EHEEINE a-E # BEE 14 RO 20
B X - R AT AR 1 40 A 3 5 R T TE A
K, WK 2 Fin, MFESTTEKE 2 mg/mL B, % o-3E
B HI RO RS, MR 7.89%~13.86%, Bl it
WeEERSINE] 10 mg/mL B, XT o- 345 B 10 281 42 =
TEX N RE R RIKF] T 30.78%~43.51%. S5 TEARIH
AL 1Cs 4 23.611 mg/mL, Zad i HIHALIG, 1Cs [EA
Wi Rk, LBIHIIG, SEEXT a- T8 B IS Pk ik 5]
12.10%~39.43%, ICso (A PrI%A%, LmEBRNELS, 4
EFEEXT o-TE R B A1) 16 PEIR B 13.86%~43.51%, B
TEPE LT, 1Cso EARSEREAIS o U BRI AR oY A3 B 6]
YEFERR, B ERHE T ETHESAR R, FHiS o
B HEEE R0 T TS VEAR L5, a-TEMIBERERY 1Cs, [HE(R, 1
B 4 I T oY O AT ) RS B o RS 80 A TR 1 S 4T
ZARIMHAIL G S5 1A 5 BRI a-TE R B0 16 1 -

F1 FIMNEUEHENE «BEREFEELENZNEZEERTT(%)

Table 1 Significant difference analysis of the effects of in vitro digestion on the inhibition of a-glucosidase activity by Flammulina velutipes (%)

- TR R B MR S

RIHAH ERIR i =Ro EENROR 7Rl ) 7 =K
/(mg/mL)
2 14.06+0.003¢ 17.25+0.005¢ 15.16+0.004¢ 16.13+0.007¢ 18.81+0.008° 18.03+0.003¢
4 18.98+0.006¢ 23.51+0.003¢ 21.2040.016° 21.58+0.006° 23.1440.016° 22.49+0.005¢
6 23.68+0.004° 27.66£0.012°  26.63+0.006" 26.63+0.002° 28.48+0.015° 26.9240.007°
8 28.214+0.013° 31.38+0.016° 30.46+0.007° 30.41£0.014"  32.54+0.005° 30.86+0.017°
10 30.48+0.012° 35.02+0.007° 33.45+0.014° 32.4340.009° 35.46+0.006 34.26+0.013*

T FATARNG 55k oR 241 18] BAT T34 25 5 (P<0.05), T 1A



182

LR

g Rl

2% 4t 416 4

Fz2 AIMNEAKTSEHEIF o-EMEEENEMEZHERH(%)
Table 2 Significant difference analysis of the effects of in vitro digestion on the inhibition of a-amylase activity by Flammulina velutipes (%)
o-SERRR I RIC IR e L A IR A Wikl ear
/(mg/mL)
2 7.89+0.006° 12.10+0.005° 10.16+0.005° 9.23+0.003° 13.86+0.005° 12.11%0.008¢
4 16.17+0.015° 20.41%0.009* 17.7240.013¢ 18.810.006" 21.74£0.014° 21.19+0.016°
6 22.13+0.014" 29.52+0.014° 25.96+0.016° 26.42+0.012¢ 31.27+0.016° 30.27+0.009¢
8 27.38+0.004" 35.34+0.015° 32.060.004° 31.53£0.007° 38.23£0.008° 36.80+£0.014°
10 30.78+0.007* 39.43+0.008° 35.84+0.012° 35.00+0.004° 43.51£0.015° 42.05+0.007°

1 RL S5 SR AT, Bl RE A A R R Y 0 (2~
10 mg/mL), GEFEXT a- I EFE AN o- T8 Ry I ) £ 1]
WREMEY, HAAYRMRERBCR. Hh, 2
TH AR R B 2 08 S0 TR o ) 0 442 ] i o 7 A [
BEEEXT a-TERBERINHIRE /IR T a- AT H VI . X VT RE
&5 oA IR o-SE R [R) AN R AV FIBIL A 5 o
2

ABIF S 388 3 A SIMEE LI A AN [ 3 A B B 4 4
PURAIE TR THE9E. SRR, &8 | miHh et
4 A U AIERR DPPH AL, O, A%, OH - H
HIZEF ABTS « "H HiZERYRE ), HREEHAL R, 5
PUEALRE L IEARSC . ERELE | ik e, bisf
PRS0 TS, I ACETR SRR b BT AL T
K b 22 5(P<0.05) o BEENRITG PEBE SR, S5 ak
Xt o- A BRI o-BERS AR AT 8 ORI E I, BT
a-VER AR A A PS8 TR o- AT BRI VE T . X
A RESE T A R TP RO T A s PR 2 hE . 2.
TR S5 A A A0 5 R 19 o K SRR AN R AR (U PR
B AR XTSRRI A T R B B 25 S A
B TR TRRAE, I DG Bl o R A AT
FEERAL T AR
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