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SF—MAE 1.62~7.98 ng/g, 122 fEHBET Fo X 3 2225 A F b P 69 MBOA #» BOA 4% 253 4n,
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Abstract: Benzoxazolinones (BXs) are a group of natural compounds with biological activity. In recent
years, benzoxazolinones have been identified in cereal grains and bakery foods. The most common BXs are
6-methoxy-benzoxazolin-2-one (MBOA) and 2-benzoxazolin-2-one (BOA). In this study, the contents of
MBOA and BOA in 13varieties of wheat harvested in Henan Province were analyzed by LC-MS technology.
Meanwhile, the inhibitory effects of MBOA and BOA on a-glucosidase and a-amylase were evaluated. The
results showed that the contents of MBOA and BOA in wheat varied from 4.30 to 5.02 ng/g and 1.62 to 7.98
ng/g respectively. Interestingly, the contents of MBOA and BOA in whole wheat flour increased significantly
after hot drying and germination by 1.5~2.0 and 500~1 000 times, respectively. In the aspect of hypoglycemic
activity, MBOA and BOA showed reversible competitive inhibition on a-glucosidase and a-amylase. The
ICso of MBOA and BOA to a-glucosidase were 13.73 and 73.9 mg/mL, the ICs to a-amylase were 64.98
and 17.68 mg/mL. These results revealed that BXs have the potential contribution to the hypoglycemic
activity associated with whole wheat consumption. Food processing technologies such as germination can be
used to enhance the concentration of BXs in the cereal food products that allow the intake of higher amounts

of BXs. This study provides a new theoretical basis for the research on the health effects of whole wheat and

its processed products.

Key words: MBOA; BOA; hypoglycemic activity; a-glucosidase; a-amylase; germination

RIFNEREZLEY) ( Benzoxazinoids, BXs)
R EA AR AR AR R R ARG
Yy, $BA62E 5 0 ORI kR 2 | N I e
s meZet ) ZIGRIE 5T 2 B 2 3 A e ol i 2
DI RETE HEAR XS BXs r HA ) 5T 19 T BE I 4 5
Fw, Hi 6-HEI-2-FKkkER ( 6-Methoxy-
benzoxazolin-2-one, MBOA ) £ 2-7 1 3 Ik ik fie]
( Benzoxazolin-2-one, BOA ) &Wifh FE I
LR 25 (LA 1), MBOA . BOA 7E£ 5N T
Az B 2 (190G, ASUE ) MBOA . BOA
FHET/NEERYEN T, BFAHEAS —ER
PR

CLRE 956 T MBOA \BOA (42 BS54 5
AN, EAERE ST | FEHUA I A e
BT =AT7 T, A S TR BE 325 N TR A
TRV TR B A I A O 2 BRI Y
EPEZ N 80% W /K W, s A b & R
(1% )o $EEUTT 204 75 0 74 770 A B AL B
B O, MU R P e A 0 A
ASCIEEALER, 7EAR I 7 ik - = 24045 HPLC-MS™ |
LC-ESI-MSP! | UPLC-Q-TOF!"”! | UPLC-Q-TOF-
MU B A AR R O 2 R T S — 1Y
FRUENY, I, 257 MBOA . BOA fAGIN 771t
FETER AT MBOA . BOA #H7 RS0 & &

W7 5 5 BT B B R S

5% &3 MBOA HAMIHI AR, WRARE .
FRAFE RS, YU L LBl BE TR, BOA.,
MBOA # AP MEM", B B3k E X T
MBOA [} 5% 5 i 32 2276 T Hook HH BB 1 5%
Wi K XA A A SR S5 D7 T, AR WL MBOA |
BOA 7£ B N T 1 g DA K AR A T 3% 1 1) oF
7%, Kk, MBOA . BOA £ —Fi X4 DI RE T
PERr, BA BRI,

AKHFFRIEAAL MBOA \BOA $2HULL K 463 7
PR -, E TR A RN ZE T MBOA
BOA W& &, #t—2iE MBOA, BOA &
I/ NZE AT AS RN T ARER 3 1 Bl HL i 7
PRSI T RZERSCER, FFLABTELRR . B ik
WEVE R PHPEXT IR, A58 MBOA ., BOA X I A Y
PR, SRR A 5 7R AR A — 3
WA .
1 #MRER=E
1.1 SR

Wede: 1oh; WEE. O, . BiiR A
. BRIRE AN IEATREREN . AR A . K
My, EEAEh . EAEREARARAR; &
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#0942, KR 136, JHIE 0528, K 1860, K&
26, FAK 207, BEPL 58, FRAZ 7698, JEIFE 18, KB
#9023, K 1354, JiZ 36: WA RILF
Bi; o-fHZ P . o-JEMEE . 4-H 32K -a-D-Nk
W I 250 1 3, 5-Ai2E KR . MBOA . BOA:
Sigma PR F s PIERRR . TRIAW)
1.2 {XFE5EF

H20PRO-UV-T EB4IK RS fEETELF]
Wr /A w5 FreeZone® 6L AUV VR T1EML: £ H
Labconco 2A#]; FW-100 BUE 3 JT M EHL: b
AR A BRA F] 3 JK-MSH-Pro-6A Hi75
RGN FERS . R =R AR A |, MEL04
RV ROV MR -FE R 2 AR A PR Wl
CR22N Y& &0l : HAH LAl 5 PT 2500 B
RUIK A NI /R 88 A B Al 5 1260 & HPLC .
6420 1 QQQ: ZHEM/AF]; R-300 BUFEZEAN : i
+ ¥ BUCHI /A #) ; HMI-A35A1 BUFIRIAL: /)
REFL IR A BR N 5 SZ28T1 BIZEH . WiiToh
AR A PR ] 5 BioTekSynergy HIMDG HU Jif
A EEMAMB S A BRAF]; Cary 100 B584h
ST R (hE) AIRATF,
1.3 /& MBOA, BOA HJIEEX

BUNZFER-80 °CURT 12 h, ELEE G E
ATEWER o BORT IS RS i =Rk, FRE—
FEHFESE T 80% I B/KIEW T (wiv=1/5),
JitHE 3 he BERSE RS T 7000 rpm, 7 °CES
> 10 mine HUH LIHW, BeZEiksn, B i A
ZEHEIMA AR TR QB 3 R, WML
BiR)Z . ¥ CIR BRI EZE 21, 1 mL HEEK
WIREV . WERIEFEM 0.22 pm A9E HLIEE
AT UE T E AT

X
—_
S

1.4 AEMIFHERZEI MBOA, BOA

KRR S AL B | K T AREE | KA T
T4k Yy X B B AL B S OR [E] R N ZE
MBOA . BOA, #HAHR 50 CHEFE R /N A 4t
KT, KPINTANEES % Hans 2053k, L
—ERPNERFE TR L, B —-RERMEH
Fh- 2 oK=1: 15 B LB 738, e bR A
T 1 K=1:10 WHLFIEZEE. 25N 4 REX
LSRR T - K=1 : 10 HLBIEE R, L8
WULE, BOKINT. (HTP) K 5 K, WtE/NEFh
T, T8 50 CHRAMFTHT BERE AW, ik
AR BN RN TN, PRBUS BB LM . K%
T Ak 5 2 FRES % Hans 2504512, 7 HTP 4b
S RIFWEENEFT, EHRTHHERT, BEE
H AN  FSCER BN R, A T4
1.5 BREASHARNEmIAPR MBOA 0
BOA &£

KM Agilent HPLC 1260 A1 QQQ &l &5 1
TR, 434~ Phenomenex Synergi Polar RP-
80A, 250 x 2 mm, Kif&N 4 um, RHIA LA
A K 7% HE R 20 mmol/L i 2R, B #H: 78%
ZNEF 20 mmol/L B 4R . AR S uL, Wk
4 0.2 mL/min. PERE S M BREEVERE . 0~5 min:
16%[7 B, 5~22 min: 16%~30%[ B, 22~30 min:
30%~50%M B, 30~33 min: 50%~16%M4 B, 33~
40 min: 16%[%) B Kz THE]2A 40 min, ESI
WoE N R, JF7E MRM AL R4 7460
BT IR . 350 °C; HEALHE: 45 psi; BANA
MR 4 kV; HIR 30 °C. HHE2 A5 3] i i
kit EEEA P Y MBOA, BOA Y&, BOA
F1 MBOA HyA5 i B E an &l 1 Ffios

2
-ESI TIC MRM Frag=135.0 V CF=0.000 DF=0.000 (** -> **) B HUNBIAO 0.01 2.d

MBOA

—

O COOOoOO0OoOo M
—omNWwWhrULNXOOD -
T T T T

123456 7 89 1011121314151617 1819202122 2324252627282930313233343536373839404142
Counts/% vs. Acquisition Time/min
E 1 BOA 71 MBOA HI#R# & Rt &
Fig.1 Chromatogram of BOA and MBOA
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1.6 PEIMFETNREFMENE
1.6.1 o A A 1 A1 ) 35 M D0

SR %), 5 MBOA . BOA
FH FF B A DT I BOHR B2 R 0.1 g/mL M RE A TR
0.1 mol/L, pH 6.8 [BEFRELZE v (PBS) ikt
B s LB o0 T - G Sy BRPE G B, R B
R E N 10 mg/mL FI-REHEAE W, ] PBS ZZ i
W (0.1 mol/L, pH 6.8) Fik#: I,

A3 10 WL AN [ 5T v B A (AR 5 45 L
o- AP (0.5 U/mL ) BFRERA (0.1 mol/L,
pH 6.8) IRFHIRS), 737 CHA T /K 10 min,
ZJEIMA 45 uL 4-fi 38 -o-D- N e 3] 46 4 1
W, 37 °CJI 20 min, FFAIA 100 pL Bk EREH %
W (0.2 mol/L ) Ze 1k N, £ 405 nm K T &
W . L PBS 28 (0.1 mol/L, pH 6.8) 1t
B oA MA W E AR 2 (A ); LA PBS
G P AR LA AR R B S 1 (A0 ), # IR
AR, IR SPSS B4R 45 Ak A
i B AR BE (1Cs0 )s

I3 /% =[(Ac-A0)-(As-Ab)]/Ac-A0

Kb Ac R AR U A & S 0 VA WO B
As U IIRE i SR RO
1.6.2 - A WA ) 355 1000 S

43 HIHC MBOA \BOA F H B fifk I e il i e
FER 0.1 g/mL A% #5 W, 711 0.02 mol/L H pH 6.8
(%) PBS ¢ th i s e 2 5 LA AT B A R BT 22 Ay
FHPEXT AR, FCEE 3,5 AL /KAHIR (DNS) I,
H 0.02 mol/L PBS, pH {fi°} 6.8 fit) PBS ¥ i fic. il
13 U/m L /4 a-JE K B T

%% Hemalatha 2105 B30 iesh, WlsE Ty
i: 100 pL A FIFE S+ 100 pL o-JE K B WL,
T 37 C&MFF 535 10 min, FAIA 100 puL 1%
(R A PEFERHA T (0.02 mol/L PBS ), B F 37 °C
ZAFFHEFE 10 min, fiA 0.2 mL DNS A,
KW S min, WEIEZE MA 4 mL ZEI8KH R,
£ 540 nm FIEMOGE , #BALITE L o-JE
K EE R, IFH SPSS #fdaRk H 1Cs i

2 /%=[1-(As-Ab)/Ac-A0]

Krf: A0 B S FIBOGREE ;. Ac iy ARUN
R SR AW OCRE 5 As SR IR 5 52 07 38 ) %

JEIE; Ab AR A FIROLRE
1.6.3 o] 6 B 1T A 1)V FH 9 3 ) 2

SHEmmn &N IR ek s, Mo,
o-HI A B ERE (0.05 U/mL ) A48, 43 5liE
6 MAFEIVEEERIEY (0.1, 025, 0.5, 1. 2.5,
5 mmol/L ), BOA, MBOA P F i il 77t e Bt =
AAREHREE (0, 25, 50 mg/mL), F5E WG
0 A, BARKRRIRYIREMEE (1/3), kiR
RN T BRI (17 V), 227 Lineweaver-Burk
W2, 135] BOA 5 MBOA X o458
T A ) 2

Y E N 5 mmol/L, XE 6 NARM a-
AP B (0.01, 0.025, 0.05, 0.1, 0.25,
0.5 U/mL ), BOA. MBOA il 5% Bt =4~
AEHRE (0, 25, 50 mg/mL ), MEWEEE A,
DABGVR FE AR AL R, DSOS R A bR, S #r
BOA. MBOA X o~ % 5 i i) 90 i /E 2 &
I puis
1.6.4  o-JEH B RIAE R R 3 1) 5

o-TER B E (1 U/mL) A28, &8 6 A
Ti) ¢ B R4 (025, 0.5, 1., 2.5, 5, 10 mg/mL ),
BOA . MBOA P il 51 R B =S AS [l & (0
25,50 mg/mL ), MEWICEEE A, 21 Lineweaver-
Burk XUE%HTZk, 4347 BOA, MBOA X a-JEH}
it (1 0 ) S 8

I EE R 10 mg/mL, W& 6 NAFE a-
TR RO (0.25, 0.5, 1, 2.5, 5, 10 U/mL ),
BOA . MBOA Wil il 351 SR B = AN [ R B (0,
25. 50 mg/mL ), MEWOCEE A, LIBGHKRE N
BEARAR , DL FE AR, 38 BOA .MBOA
X ou-JRE 53 Rl F 410 T A FH A 75 T 3
1.7 HEHH

KRR 2 (XESD) TR E 45
R, H8H Microsoft Excel #4784 70 B -5 14
it SPSS it 43 B A3 A #E A7 5 R 3R T 22 43 A
( ANOVA ), Ll P<0.05 Hrifi a2 S0 g M Il

2 FER5Te
2.1 INIAEXH/NEH MBOA, BOA &=
PAH AR BRI NAZ (JR A2 18 A 1860 ) 4],
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Gy AT =R UE e . et =R b By
L4248t MBOA F1 BOA 2 & 4 i,
IF H K I T AL 34 55 40 38 1 7 =R X K #40m T
(HTP ) A% ; JFH R 1 P s vl A, AHXF HTP
H ) K B B AS 2B B v, KON T AL PO £
MBOA 5 BOA & iy D TR . 1 X fh 2
SR R ER O T AR A3/ NAZ R 2E i
FHXS /NZERTARL , /N2 IR 2 K 41 i ' MBOA il BOA
e, SEMBOm T & B PR LA e A
., BAEEBS, MBOA 5 BOA &2 I
WAL A W h S5 B R E AL A, T EIn AT
DU AR T RE S AL 5 % ) MBOA 5 BOA
AL, TG e S &, ARG
AR AR 5 Sk 11 48 -5 5 Ml R R L 2o R v & A 1Y
2R f R N A —3, BHRERNAEY &R EE R
AEFE HTP Ab PRt

x1 FAEALEBAXTEAZE 18 FAE 1860 H
BOA #1 MBOA & &
Table 1 The content of BOA and MBOA in wheat
18 and wheat 1860 under different treatments

F2 £ZHM5 HTP EE£Z#HH BOA fl MBOA R E
Table 2 The content of BOA and MBOA in
whole wheat powder

XM (ng/g) HTP J5 4% ¥ /(ng/g)

/NFE AT MBOA &4 BOA & & MBOA & BOA & &

S35 /NP MBOA £ /(ng/g) BOA &4/(ng/g)

18 4.34+0.04g 4.04+0.44¢
Ete 3 )
1860 5.02+0.06g 4.03£0.54¢
18 50.50+0.12° 7.36%0.13F
Ak B X
1860 11.90+0.07" 5.92+0.02¢
18 1977.00+0.76°  228.78+0.98°
IRV TN

1860 2512.79+0.96°  332.77+0.06°

1 889.31+0.69¢  383.44+0.68°
JKHIMT. (HTP)

1860 2 860.26+0.97° 507.68+0.84a

T I EER LT M EpR 2 (X£SD) (n=3).

(a-g) AFEFHEFRRFE — o Fl— AN
(R 4k 2875 2R 19 22 K (P<0.05 ).

Note: The experimental data are expressed as mean =+
standard deviation (X = SD) (n=3).

(a-g) Different letters indicate the significance levels of the

same component and the same variety of wheat samples under
different treatments (P<0.05).

2.2 T AEXARE/NZE MM H MBOA F1 BOA
BENZMN

PR B0 b = Fh /N A2 B HEA TR b B4 22 Ky
55 HTP AL PS4 42 ¥y k17 MBOA 5 BOA 5 &l
A, BRIGRINE 2, BEREYIAR RN T
MBOA 5 BOA & & 2 5 W B, RE/NE

FA 9023 4.30+£0.018  2.13+0.18'  2.77+0.05°  0.59+0.05"

FRFE 7698  4.35+0.01% 2.13+0.18"  1.22+0.03% 0.60+£0.01"

FEHT 58 4.32+0.01%  4.29+0.36° 0.71+0.02' 0.83+0.02°
A 366 4.41+0.05° 4.29+0.80° 2.85+0.03¢ 0.41+0.01
JiZ 36 4.60£0.04° 2.64+0.54" 1.91£0.09' 0.87+0.01¢
FRAZ 26 4.62+0.02° 7.98+0.06" 2.35+0.01" 0.32+0.01
T4 207 4.44£0.01"  4.55+0.08" 2.76£0.03° 0.61+0.01%

FBAZ 1860 5.02+0.06" 4.04+0.44° 3.20£0.03° 1.09+0.04°
JiZ 18
R 136
A 1354 4.83+0.04°  4.42+0.62° 3.07+0.01° 1.21+0.02°
A 0942 4.69+£0.05° 3.15+0.547  2.59+£0.01¢  0.93+0.01°
JRPE 0528 4.32+0.008  1.62+0.18!

4.3440.04° 4.03£0.54° 1.58+0.09' 0.78+0.04"

4.51£0.01°  3.02+0.36% 2.63+0.01°  0.62+0.02¢

3.64+£0.01*° 1.08+0.04°

A MBOA & EEBHZIR, #F 4.30~5.02 ng/g Z
|, Hi g3 1860 (1) MBOA & it ; BOA 7%
VU 1.62~7.98 ng/g, LA 4 26 ) BOA &
e, e R DE 0528 19 5 /%, Jish, &
Fl/NAZ 1Y) MBOA H1 BOA [ & & tbfil 4 : 18] 4 : 7
AN, X2 VS HT IRUR AT B 5 /A I AR A
. RERESPIRER AL, S AT
L3757 AT B A TP Y MBOA 5 BOA & &8
AEEZES, H MBOA 5 BOA & AL HH
i, ¥ MBOA 5 BOA &l KBI&E 451 K
2N T AL 422 By <PAAbBS 22283 (50 °C) <
IRV N T A 38 5 4 22 <K R0 T4 3 5 4 2
¥y o Ho, Zead $h ALY 42 22 By MBOA Il BOA
TR AR B R AR 1.5~12 F5ASE, K
THKE M T 42 #+ MBOA., BOA W&/
AL P4 FE 1 500~1 000 £,
2.3 MBOA. BOA B& I #&ETh8E& M
2.3.1 o AW Y A A

WK 2 FE 3 fis, MBOA , BOA Xt o-#j %
WEH B A T RITE L, A RE ) 2 R R R
e, Hor, SRR ) i R BN BT R
Hi>MBOA>F#LEZ>BOA . MBOA 3] GE 1155
TRTERER , (EAHXT B0 2 BT S ol 22 R, Bi]
RPHHRIE R 1 mg/mL B, IHIREA 93.4%,

m
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Fig.2 Inhibition of MBOA, BOA and ferulic acid on
a-glucosidase in different concentrations
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T

—— ot

o EIRETT BRI/ %
A

[\S]
S
T

0 O.IOI 0.|05 0|.1 1 10 25 50
Ji ¥R E/(mg/mL)
B3 MFEEERERE T o-BEEEERINH X
Fig. 3 Inhibition of acarbose on a-glucosidase
in different concentrations

(=

1M MBOA . BOA FIBZRER A6 3535128 21.6% .
5.5%7F1 13.2%,
2.3.2 o-TE M A AR PR

K 4 fE 5 s, MBOA . BOA Xt a-3E #)
it Y3 A7 A0 5, LA B g S v R R s AORE
Horbr, AWy s KRBV A2 ]S > T 2
f2>BOA>MBOA ., BT RIEHEHKIEH 1 mg/mL
i, AR K 58.7%, 1fii MBOA . BOA FIFT#H R
MR 253 R 9.4% . 24.7%F1 29.7%.

iz il SPSS #4114 MBOA . BOA 5%} R4
BT DA L BRTBR IR 1YY - T 26 W AT oo DR ) G 11
ICso fH, PEHL logit BEAY, BEWEE . MEIR. &
AR, BT I AUA, H B
Mk AR, 3R 3 45538 BOA X o5 %54 11 1
(3 BE 1 A%, MBOA X o= 20 A 1 Tt (4 410 71
Ay BT RIERRR , A1/ NFRTRUE8E; i MBOA

100
90 -

——
sl MBOA

—&—BOA
—o— [ZR

(= ]
T T

o-SEM /%
W A U

o
T

0 1 1 1 1 1 1 J
0 01 05 1 5 10 20 30 40 50

JR B /(mg/mL)
El 4 MBOA. BOA S5MZRERTE R FRE Tx
o- € 1} B 40 ) 28
Fig. 4 Inhibition of MBOA, BOA and ferulic
acid on o-amylase in different concentrations

100 -
o0 L ——WT-RuH

-SRI 2/%
- N W A U N I ®
o ©o © o © & o o
T T T T T T T T

0 001 005 01 1 10 25 50
[ B /(mg/mL)

B5 FI-FREERERE T o BEsa i %

Fig. 5 Inhibition of acarbose on a-amylase in

(=]

different concentrations

%3 MBOA. BOA. FMZEE 5 M i #EX
o-BEETEHE o-EHEEM ICs,
Table 3 1Cs, values of MBOA, BOA, ferulic acid and acarbose

for a-glucosidase and o-amylase inhibition = mg/mL
B (o
o 7 465 B AT o-VE K il
MBOA 13.73° 64.98¢
BOA 73.9¢ 17.68°
i 2 12 32.42° 6.54°
Faf - I 0.001° 0.543°
T (a-d) A RIS BEFR 3 AN [F) 9 Jo %o [7) — A 1) 1C 50 BU1H ]
B 1 2 7K S (P<0.05)

Note: (a-d) Different letters indicate the significance level
between the IC50 values of different substances on the same
enzyme (P<0.05).
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