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B E:ANTHRR 6T AL 2-KLHEN (6-Methoxy-benzoxazolin-2-one, MBOA) . 2-K &=k (Benzoxa-
zolin-2-one, BOA) A &5 & S RAEAZ TR, A TIFN T MBOA F= BOA 894K 5h i A AR 77 B i B
HIPFER. 2R %% MBOA 4= BOA 89 L &ALRE /) B A FIE R MM, B ANEN B THER, SRAMEMEL
BiARtL, MBOA. BOA A RGMHRIFRJZAKSHN, ZANZRMME, AP REDOHRRE. £ITK
FE, BEHIKTHAT (Proteobacteria) AeiiAFHE 11 (Bacteroidetes) #9Aast+ &, R F 340 ZH#H 1] (Firmi-
cutes) #2X & W 171 (Actinobacteria) #948%tF /%, HEBKF L, RFMh T REAFHAE (Bifidobacterium) % 4348
sEE, FRERINT %RAATH B (Escherichia) .« &FE XKHA B (Prevotella) #=3ATH & ( Bacteroides) ¥t
AT EF . AFFRART A5 89 MBOA 4= BOA B A RIFWEALHE .
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Evaluation of the Antioxidant Capacity and Gut Microbiota Modulation
Effects of 6-Methoxy-Benzoxazolin-2-One and Benzoxazolin-2-One

YANG Ruoyan, LI Luyao’, WANG Tianxi, GONG Lingxiao’, WANG Jing"

(School of Food and Health, Beijing Technology and Business University, China-Canada Joint Lab of Food Nutrition and
Health (Beijing), Beijing Engineering and Technology Research Center of Food Additives, Beijing 100048, China)

Abstract: To investigate the roles of 6-methoxy-benzoxazolin-2-one (MBOA) and benzoxazolin-2-one (BOA) in the
health-promoting effects of whole-grain foods, this study evaluated their in vitro antioxidant capacity and modulatory ef-
fects on gut microbiota. The results demonstrated that while MBOA and BOA exhibited dose-dependent antioxidant activi-
ty, their efficacy was inferior to that of ferulic acid. Compared to equivalent doses of ferulic acid, MBOA, BOA, and the
mixture significantly enhanced microbial diversity in a dose-dependent manner, with the mixture showing optimal efficacy.
At the phylum level, these compounds significantly reduced the relative abundances of Proteobacteria and Bacteroidetes
while increasing those of Firmicutes and Actinobacteria. At the genus level, they markedly elevated the relative abundances
of Bifidobacterium and reduced Escherichia, Prevotella, and Bacteroides. This study indicates that MBOA and BOA in
whole grains possess substantial prebiotic potential.
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Y E 2RI T RER -, Ui A4t
Wy JE ., YEAE RAMEYI A T (AR ARNR R | i3k
21 St 7 N =< L= S [ - IR | e M = e S 7 2 i A AN i e
TR, ITAEA, RTTNEZRZE L5 ) (Benzoxazi-
noids, BZs)/EN—JSH B Y TIGe R+, & I
TRV B0 KM S8 Yk b
Hohm Tl rht™ . BZs 255 M 52 (Hydrox-
amic acid) . INWBEAZ IS (Lactams) . 48 I BEE K BB Fl| 245
(Benzoxazolinones, BXs)L, ZEZF9in 1~ (AN | 34
AR FHAL L FR T, AR B SRS RIS BZs R S
FeAb haSt ke . AL mT M BE AT e BE i U5 T
FE K —6-H 48 ik - 228 M ik fili] ( 6-Methoxy-benzoxa-
zolin-2-one, MBOA ) Fll 2-Z& J1: B i)k ik fili] ( Benzoxa-
zolin-2-one, BOA)®7 . [Hitk, MBOARI BOA J&4=4%
Py Ky Hohl fh PR 22 BXs RS, X H DI RE NG
PR B BB R X .

BXs LA 4T BEVE AT 78 G0 5 B 1 vV A
PO YU b sE . HAETER X MBOA
F1 BOA MThREMsE K258 FHifhEk. PipLl
2 B 7 i, DL Y ok ok IR sk DL e s A
S AR E N 225 D Re s MR IR 3 b
AR B ST | JEDRE 55 22 PP g R s 19 3 W] pg B
FLREUT, G R K BT BZs b 2,4- L -2H-1,4-
ZRIFMEER -3 (4H) -1l ( 2,4-Dihydroxy-1,4-benzoxazin-
3(4H)-one, DIBOA)!" | 2-B-D- I i 2 Bk 4 - 1,
4-ZKFFMEEE -3 - ( 2-B-D-Glucopyranosyloxy-1,4-ben-
zoxazin-3-one, HBOA-Glc) . 7/~ Y 14 #h 3t A AL I
PEUSL {HAT & MBOA Fil BOA H B AL el {4 i
FAkge 7 BRI HEAERHE, I HS TS AR
A BT 2R A HAHSCARERPLA . ttsh, MBOA Fil BOA
FEEH B ROP TR TG, REAS A SNt 4 TR (o R A R
T« R PR R 7R T4 R TR 45 35003 4 TR LA A 330 P
YA T TR AF FLH . SR, HATXS MBOA #1 BOA
PO ST 24 P B — A AR el 2 TR AR L
FE, TEE IR NGB RS B I E R M ANTEHE
o TE TR R S M LA 9 G B U L S SR A
SETReR YIAEICN T, YERpig 8 AR I ES R MR AR
YNGR B OCHE 2 . Kk, H] MBOA Fil BOA
XA R RHE E I B B

TEARS NP 25 A T X B 38 WD I B, 25 2F
TR R B e E LY, I HRE T f AR Tn e AR
N EALE I RIEVEFRHEE . Baranzelli 557 ZE/K
SMELRIE A B2 T PPl T/ NZ W A RIS BXs AR
R, 2eid IBAGE TG, I ERE2E k54 DI-
BOA & I, 1M 2,4- 32 36-7-H 48 3k-1,4-289F
MR -3-1i (2,4-Dihydroxy-7-methoxy-2H,1,4-benzox-
azin-3(4H)one, DIMBOA) i) & i AR FEAAE . Hb4F,
— RS HGE T BXs FE AR AR I, Xt s
JEEE AW 12 FhARIFREES Y 0T ) 555
i R, HBOA-Gle SZAE IS AR & BRI E2E4k

A, 1 BOA B P A, {5 PR P75 A A6 581
BOA 7K, X #&R1miEH BOA il MBOA 1] Gk IR
T DIBOA FZUib&EALAN o3/, Adhikari
LM AR P AL R X BR 32 1T 2 =l T BXs A4
H A, &I ERE & 00 =47 ) 2R 22 1
BXs # H BB A SN 5 mg/d. fEHE, /MNE. TR
ERYE BXs MEZEEYRIE. AR AN, 45
Yrrh BXs B0 FEAE 31~859 pg/g 2, mihn T.Jy
R PERENS IS BXs 194340, IR e s iR i
1t & MBOA F1 BOA, #i 41 DIBOA H & 43 fié N
MBOA #1 BOAP, Jf H., hn T.J7 ¥k 5 & il &k vh
MBOA Fil BOA 14 & AR Ab 25 UIAH G, 491 40 7K BN
KN T 7 B, AT DL S B 27 £k MBOA #l
BOA &, MBOA &k &1 ik 3.64+0.01 ng/g,
BOA &rifeHiik 1.21+0.02 pg/g™.

ik, b T2 245 MBOA Fl1 BOA
FOTRFER R DRk, DA a4 B APt E i e
W T8 B RE VR T RE 1 BT ERIR > 4B S BHAH X L, AR i
o [ R A AR H AT I, SR AHARS T
BERIIRIT YT 5 F MBOA Fl1 BOA HIHTE LR
T R HE AT AR iz T8 T B A 3 1 TR TR fA R BN, R
MBOA Fl BOA {8 520 19 53 F MLl IR T it =
2%, R A EAVE B S A TR AR
1 #MR5RE
1.1 MRS5S

MBOA (4l Bf 97%) . BOA(4liJiF 98%) E[H
Sigma 2\ 7l BIZRAR (4L 99.93%) IRl

A RRLS 75 BB . BRIR AN (53 HTal) | -L/KARER
BE(rpral) . L2 i (Orpral) . &4 (O bt
afi) | B S (Oriral) - R (Orbrat)  hEEE
2GRN F EAREN . SAREARES S prall, PERE AL
TN BERR ST (43Hral) . Tween 80(43HTal) | &
I 2T 2R (Gpral) . 4id: 2 K1 Grpral) . fREh . S
W dbutfe T BoPL A AR AR 7 A Ik R A
(FRAP %) . BPLEAILEE IR & (ABTS %)
R A R ARG R H] .

DG250 JR A K5 3% %8 Don whitley scientic 2%
H]; 1260 infinity — 5 PUZRFT T3 . Cary 100 3550457
FCEETE ZEFERR (b ED A BRA Al YXQ-LS-
S0A B K g = TR AU AR A FR 2N A
ME104 HL 7R Mpde i -FE R 2038 B2 F
BioTekSynergy HIMDG MFR{ & EMABINES A
BRZAF S
1.2 SLWHE
1.2.1 P AbiS& PR ASHESE LLBT 28R (Ferulic
acid, FA) i HPEXT IR, Il 52 MBOA Fi1 BOA B4k
WK B THAIEAE /1. ABTS' [ i REEIRAE 11 DPPH
F i REWT R AE /124, FA . MBOA Fll BOA FRAEIEIK
FH H P i A, TG R MR B S S mg/mL B S, AE
0.1. 0.5, 1. 3. 5 mg/mL ¥ JFF F 43 5]l & MBOA .
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BOA Fll FA 4T AR TT, B DFE S I —
HFATs
1.2.1.1 DPPH HHIEIEMRAEIMNE =8 Bolling
SR (RIS EIE R, DPPH ISR/ 0.04 mg/
mL, DPPH ¥ FIAE S 552 R, 9: 1 (viv)IRE
5], iR N ESEERE 30 min J5, WELE 517 nm R
FI'GEE, DPPH H ARG BRR (%) T HEATON:
Ay — (Ai B A.i) «

o Ay s O BECAR SRR 5L 1 DPPH )
YIS, A, SR 32 U (35 R B BH R X IR Y
DPPH ¥#5#0) FUOCIHE, Ay AT DPPH BUFE SRR
B GRS
1.2.1.2 ABTS'HHEFERGEEI N E RHAFE=
KB AR RE 1 IR & (ABTS 725) #4700 2 .
10 mmol/L Trolox Hr#EH A BE 2 0.15. 0.3, 0.6,
0.9. 1.2 il 1.5 mmol/L, Z:hlbRuE £k, i3 AL Wy
BRSPS HEEFILL 2:1(vv)IRG, i ABTS
AN RIER R, IR E 6 min /5T 414 nm 4N E
W FEEE . AR Trolox ARt FHERIT AL 1Y ABTS'
B LV R BE T, I Trolox FRUEUR I EE SR ik &
FRP,
1.2.1.3 WEE FHRIFERE AN E W Fif R
BB TR A B PR AL RE 1A & (FRAP 75) B4 T
MZE, LA 100 mmol/L (1 FeSO,-7TH,O MFRUEY) 5, #i
FEZE 0.15. 0.3, 0.6, 0.9, 1.2 F1 1.5 mmol/L, £l #x
HERHZR, FE5h S FRAP TAEMT 37 °C % E 3~5 min,
DL IS WA SR as FAGE BRFE 593 nm A 35 1
WCRE . ARPERIAE 2T T RARE & 1 A A 5L RE
73, LA FeSO, PRt BEFRIR P,
1.22 KRIMNEEE =% Yang 5P S50 LI AE
nekcsh, Wede 3 44t R A SR AR AL, Hop, $R43E
ZEEAE SRR TR SRR, ST = 3 AR
w2 biEERITIFHFERE SRS (FHES
P2022010). ¥ =i EHEZHERE IR G I IR
Eah, YKREHSHIT S RBCE T 37 °C IR AR,
TAEM AR 10% BIRS, 10% —FAALiRFT 80%
AR ZIE B T S B i A eSS E S
2 h Wt 7. AKX SR PBS &% # (0.1 mol/L,
pH6.8) F ISR B (I 2(HAE 5 LA 20% (w/v) 11 L A5 32
TR RE, FEATHEHE, & 4 ERICHRL A Rl IS B 28 1
P . FE BT FRILNC TN 2 g BRI, 2 g
HEAMR, 2 g RSN, 0.1 g & 1LM, 0.01 g L/KGHIR
BE,0.04 g BB ST, 0.01 g 7S/KA S A4S, 2 mL ik
7% 80, 10 pL 4E4: 2 K1, 0.5 g #HEE, 0.5 g L-2E bk
MR, S0 mg EALIMLLZE, 1 mg T REH, EFFE 1L,
RS, T 121 °C KB 15 min,

S AL FE AR B NUEAT Y i 25 (X IR 2, DA
FA YE 2 BHPEXT RE, 286 2H 5351029 MBOA 40 . BOA

DPPHH HIEEBF (%) = 100

2H . IBAH(MBOA :BOA=1:1, m/m)., Hr, &40k
ARSI AN Ee ) 2 S ) 454 R 0 T =X
X MBOA . BOA & m= G, HSH 8 N RKER
PR (50~150 g)PH S35 BEAK . Hr . &k EE,
1R, O RIEBCREREICY)S 27 mL Bi3E3E
3 mL ZEEZEMHRFTIREG TIREFEHE, /£ 37 C
DRAR T ARG vh 3647 2 W%, 53 5FE 0 h Fl 24 h BUE %
WARAET—80 °C EHZESHT, TR 3 2717

x1OLRH

Table 1 Experimental groups
PR S Mgt
KB N/A KB
3mg MBOA-L
MBOA 30 mg MBOA-M
90 mg MBOA-H
3 mg BOA-L
BOA 30 mg BOA-M
90 mg BOA-H
3mg FA-L
FA 30 mg FA-M
90 mg FA-H
1.5 mg MBOA+1.5 mg BOA Mix-L
Mix 15 mg MBOA+15 mg BOA Mix-M
45 mg MBOA+45 mg BOA Mix-H

1 KB IBZH ; N/AZFR K TN MBOA N 6-H1 & Jk-2- 2K ek i; BOA
g 2T IR R ; FA S BTALAR ; Mix JMBOAFIBOARE &4H(1:1, m/
m); LR IGHI & MR TPl i HER =5 i

1.2.3 16S rRNA FLEM P Prig v B4
0 h Fl1 24 h RFEWRAENAEAS, BHEL 6 I TPATHEA,
$RHL 0 h Al 24 h R 3B 2 S L I 2H DNA,
Xt H AR B 16S rDNA V3-V4 X 17 PCR 3~
4, SR IRV BE RS FL Uk 7 %) DNA FBEASIHES 75T,
R I 45 4 PO REAS 322 B8 Yang 2508 1y )7 e g VE & 2k,
SR FH At ) o SR W Xof SR A T o P R v A
Y B A BAEASFRYE 1llumina Miseq(Illumina, USA)
3T, XA E R TIRIEST . o ZREME. B 2R
PESIAIT LA SR 53T o
1.3 #uEAIE

) 5 235 51 DA B i 22 (X+ESD) #oR, R
Microsoft Excel #7805/ A &, SR SPSS %Kk
AT BRI 2T 2253 (ANOVA) . DL P<0.05 "M
{EfEZ R H A G E
2 HBRESHh
2.1 MBOA # BOA HIRE W IEM:
2.1.1 MBOA F1 BOA 1 DPPH [ HH 3L BRAE J1
E 1 Fras, MBOA F1 BOA #3EH—E /Y DPPH
H b 3L vE R M, A R BRI rE . Mk
5 mg/mL i, MBOA #1 BOA ) DPPH H i JL i k&
e J143 9N 43.2% Fl1 55.6%. BOA X DPPH H ih
FEAIEIRAE T B35 T MBOA, MBOA #l1 BOA [
DPPH H H 2 BREEJT 3T FA(P<0.05), iXFl
M ZE R AT REH A T AR 22 57, 5 FA 19T
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FREAH L, MBOA ¥R I 3% 32 i HH 4L FT BOA 119
R R SR FER S, MBOA 1 BOA J&
DIBOA [H & 43-f#RIr=H", DIBOA 7S Bl FE 8 Hi 51
HARAS BT AT, BT RE S HAE R m R A
AR FE IR R PEA G, DIBOA K HATGA
Y E AR S XT DPPH H A 3EA07E b e[RRI 5
T AN, SAISTSER—3. Kk, MBOA
il BOA BUPTEALIETE R 255 Ty 2y iR, nl g5 H
A LR AL HAS 5 A PRI P I AR 56

120
_ BOA A A
S 100 m MBOA A ab a
% B FA b
& 80T :
o 60 4 B
= A B H we :;
@ 40t B ° <cl Nb
E BCA Cc c >,
o | S & :
a8 2rd e J d § It
sm | Nmtl N L

0.1 05 10 30 50
MBOA . BOAFMIFARY#ZS I (mg/mL)

1 MBOA. BOA #ll FA ) DPPH F H13Ei5FRAE
Fig.1 DPPH radical scavenging capacity of MBOA,
BOA and FA
T ANRING Fh]: 3R AR R W B AEAS [F) R B2 R 1 b 2 1 /KT
(P<0.05), NAIKGFHF/R FA, BOA fil MBOA 7[Rk
JE R 1 i 2 KO- (P<0.05), [ 2., & 3 [l

2.1.2 MBOA F1 BOA ) ABTS'H H3LiEKREE 1
A 2 7R, MBOA F1 BOA 132 31 H BLAT 57 H 4K
W) ABTS H B EIERIEM: . MBOA 1 BOA Xt
ABTS" [ H 30975 SR HE 7134 5 2555 TAH [R] vk 22 1% BH
PEXTHE FA(P<0.05), fEAHIFIHE T, H ABTS F Hi
HE R BE 129 FA 19 1/2~2/3, Glensk 2589 7E44k
G R 5 3205 1R I BT S AL TR PR HEAT T REAT, DIM-
BOA 1Y) ABTS"[ H & W5 B& B JJ 4% % , DIMBOA
(0.03404 mg/mL) X} ABTS"H i1 5 19 W R N
3.54 pmol Trolox/mL, {35 5 T MBOA 1 BOA, [F]
FER] BB S HAL A5 ¥R L AT R A o1 1629

<
=N
IS

e
I
S

0.40 1

<o
&
S

<
_
o

ABTS™H L35 FRAE S (mmol/L)
o
(=)

0.1 0.5 1.0 3.0 5.0
MBOA ., BOAFIFAZ I (mg/mL)
/2 MBOA. BOA #il FA Iy ABTS' H i FLiERRAE S
Fig.2 ABTS' radical scavenging capacity of MBOA,
BOA and FA

2.1.3 MBOA Fll BOA WV ES THAAES  WiE 3
7R, MBOA FYV4K iR 5 EE J1 /& BOA 1 1~1.2

15, I e KA E. MBOA F1 BOA BV AR
Fif R RE 1 IS BH X B FA(P<0.05), 2928
FA 19 1/3~1/2, [FIFE55 TAHIFIR B DIMBOA FY3IE4%R
B TIRJRRES PO, B IFIE B, FTEHERTA Rk
PRI AR S B R A IR SR P E fbiE . BN
YUAALRE T 32 A2 454 | WS FPPAN LA T PR 1
IR AFEHREZE MR, Baranzelli P2 (IF5T [RIAE
TE AT RER I S P TR ARG P 55 T ol 2 d
. BNk, MBOA Fil BOA 125 BXs PR IEY BT,
TEB Y E S A E R PRk T

070
=
3 0.60
£
£

01 05 10 30 50
MBOA . BOAMIFARYESIE (mg/mL)

3 MBOA. BOA #il FA 7855 38 J5i A
Fig.3 Ferrous ion reducing power of MBOA, BOA and FA

2.2 MBOA #1 BOA XIR#i&EEEF2E RS20

2.2.1 Alpha ZFM4Hr W3R 2 s, 24 h 540
) Sobs ¥8% . Simpson +5 %Mk T 4, Chao +8 U
Ace FEECDLE T T, Shannon ¥4 7, iX
AR SR B T R ] BB 5 S L A= R

Size of each list
527.0

512
263.5
0
KB FA BOA MBOA Mix
Number of elements: specific (1) or shared by 2, 3, ... lists
374 | 64 |62 [[52 /MM
5 4 3 2 1

Kl 4 Venn K%
Fig.4 Results of the Venn diagram
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Table 2  a-Diversity analysis

R Sobs Shannon Simpson Ace Chao
KB-0 297.50+2.148 3.39+0.07°8 0.07+0.0148 348.010.1948 351.33+1.844
KB-24 248.50+3.54° 3.37+0.04° 0.06+0.00™ 311.87+3.31% 331.89+17.60°
FA-L-0 287.00:£0.00"® 3.34+0.05% 0.07+0.0148 355.36+11.66"" 351.13+26.46*
FA-L-24 229.50+13.44° 3.41£0.00° 0.06:£0.00® 294.48+18.98" 310.79+7.42°
FA-M-0 288.50+4.95® 3.42+0.02°8 0.06:£0.00"® 347.63+177.137® 375.05+72.29*
FA-M-24 286.50+14.85° 3.50+0.17 0.06+0.01® 367.55+9.39* 368.53+4.91°
FA-H-0 304.00+5.66"° 3.39+0.15"8 0.076+0.01*® 362.95+26.45%" 368.01+30.56*
FA-H-24 244.50+0.71° 3.41£0.05° 0.060.00® 335.93+32.99® 332.3246.11°
BOA-L-0 296.50+7.78"" 3.30+0.17% 0.08+0.02* 362.93+7.25"° 386.15+35.314
BOA-L-24 242.5042.12° 3.55+0.03% 0.05+0.00° 284.46+0.61° 293.64+10.80°
BOA-M-0 275.00+18.38" 3.36+0.07°% 0.07+0.014® 325.61+38.37" 337.84+57.41%
BOA-M-24 246.50+17.68° 3.55+0.02% 0.05+0.00° 301.98+28.98% 352.92+4112.3°
BOA-H-0 307.00+31.1148 3.39+0.15"® 0.07+0.014® 416.58+93.93* 409.23+57.20"
BOA-H-24 249.50+30.41° 3.49+0.02% 0.06+0.00® 311.08+61.02% 317.31462.66°
MBOA-L-0 299.00+5.66"" 3.52+0.01°8 0.06:£0.00® 346.41+12.20"" 348.41+14.21%
MBOA-L-24 252.00+8.49° 3.38+0.01° 0.07+0.00* 316.74+18.03% 330.68+33.17°
MBOA-M-0 300.00+4.24"8 3.45+0.06"% 0.06£0.00"® 360.34+1.43° 385.75+25.10%
MBOA-M-24 246.00+8.49° 3.57+0.18® 0.05+0.02" 296.42+1.13° 291.24+2.68°
MBOA-H-0 315.5043.54" 3.58+0.08* 0.06:£0.00" 381.31+3.32° 387.61+5.06"
MBOA-H-24 246.00+8.49° 3.43+0.00" 0.060.00™ 305.78+3.50% 311.58+8.80°
Mix-L-0 309.00+25.46*7 3.35+0.10% 0.08+0.0148 388.98+53.4348 409.52+47.35%
Mix-L-24 259.00+9.90° 3.63+0.06° 0.05+0.01° 317.52426.88% 316.34+12.85"
Mix-M-0 303.50+20.5148 3.40+0.0248 0.07+0.014" 363.82+18.16"" 361.76+1.474
Mix-M-24 249.00+8.49" 3.41£0.11° 0.06+0.00* 340.46+53.58% 307.78+34.30°
Mix-H-0 292.50+0.714B 3.29+0.14% 0.08+0.02* 353.05+5.06"" 372.47+6.41%
Mix-H-24 255.50+3.54° 3.55£0.09% 0.06+0.00* 319.56+12.41™ 328.67+16.73°

s SEERE AR AR E 22 7R (n=3 ) ; AR KRG FREF R A — 50700 WA RIS I FOREAR 18] 25 52 5 3, P<0.05; A [)/NE FhE R R R —Z507524 h
ARG R [ 22 7 83, P<0.05. KBIUFESS HX AL, FARERITELFR A INAL, BOAREBOARINAL, MBOATYEMBOARNAL, Mix{LEMBOAFI
BOATRAWINZL(1:1, m/m), 7£0 h#124 hiR MR FUR YA & B 7 31 -0F1-24; Ho M. LA 5 e . b IR EERERE, Il4~IE17[F]
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