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(1.Department of Food Bioengineering, Baotou Light Industry Vocational Technical College, Baotou 014035, China;
2.School of Life Science and Technology, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: This study conducted cooperative treatment involving germination and fermentation of naked oats to enhance the
bioaccessibility of total phenolics. The effects of this collaborative treatment on the bioaccessibility of total phenolics in
naked oats were investigated using simulated digestion and colon fermentation models in vitro. The results showed that the
total phenolic content, DPPH free radical scavenging rate, reducing power and hydroxyl free radical scavenging rate of
naked oats treated by germination and fermentation were 106, 6.79, 2.56 and 2.98 times of the control, respectively. During
the simulated digestion process, the bioaccessibility of total phenolics in the oral, gastric, and intestinal stages was found to
be 2.4, 2.5, and 2.3 times higher than that of control oats, respectively. Additionally, the bioaccessibility of hydroxyl
radicals was observed to be 16.0%, 10.4%, and 0.52% greater than that of control naked oats. Furthermore, the
bioaccessibility of DPPH free radical was found to be 46.1%, 53.44%, and 61.81% higher than that of control naked oats,
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respectively. The bioaccessibility of reduction power was also significantly increased, with values 45.19%, 92.63%, and

118.54% higher than that of the control sample. During the colonic fermentation stage, the bioaccessibility of total

phenolics in fermented naked oats at 24 hours was found to be 1.84 times higher than that of the control sample.

Furthermore, in addition to hydroxyl radical bioaccessibility, the antioxidant bioaccessibility of naked oats subjected to

collaborative treatment was also higher compared to the control sample. These findings suggest that the combined treatment

of germination and fermentation of naked oats not only enhances the bioaccessibility of total polyphenols in the digestive

tract, but also improves their bioaccessibility in the colon. The results of this study provide a theoretical basis for the

processing of naked oats and the development of functional food.

Key words: cooperative treatment of germination and fermentation; naked oats; total phenolics; antioxidant activity;

bioaccessibility

532 , MR, R\ B 2 —, &
TN E IR, HAT RN . i ls . Préafbssd:
HIOyRE! o Padol, m P RIS TE 2 S 2k
YyIsA 5GP ik 2 Iy IS IO 32 A i B 2T A
DUSCH T BRSNS ik X PR 25, (s A A
18 N ICIE WM AL B K i, A2 R R R
ER R B 2T B —, AR Y AT
SRR YRS AR S B SR AR

Wy ) o ) A2 ) A BE Bk T A= m] Kk L T
HASENE A S B WMOSR S  Padion, $2 iy
Wy o A= ) A R B S B i v AR Oy mT K ptel
LEWIAT R R N 5/ A% 136 2R e ORI H T
ey 2 ib G gD i T S B FHETAS Al 6k
DBIERAT, A6 BRI T AR B T2y sy nl A
PSR R . AN T (AN ZE | A AR B A 2 —
AFAERAE I T 57 20, wlasad VR e s P41
UEEN, SRS Ko7/ T N e w7/ SN X7/ RPN S e N ek 7]
FHBE A8 ™ AR B A ™ . Asad sp—n T 075X
TEAEXT W2 B R A BR, Al 2R
TEARYMAR T XL E A . WA TORE, A
KRR 255 KB ORI T X454 S iy A= 0wl R P gt
Febs AR

PRGN AR RN Y 1175 e TREASE IR HLAT AR AR |

RPN AT PR TR ASHESE LA N 52 iy ik
A SRR, SR RS ML AR IR Fl12h iz S IREAR TR
TE R A R TN R ERXT 1 22 S A= B AT M s,
WFGE LSRN F 14 32 D RE R T 1 T A FRAILRL 22K P
FIFSHE S, S Mk 22 2= = sy T HA
FEEME XL,
1 MRlEREE
1.1 MRS
32 PR T 52 F P i A SRS w5 S th 2

ILZR FIAR R IE R R AT RN F 5 JE 38 s
EEILIRTH ZEBEEFRA A Y ; 2R (3000 U/mg) . a-
TERIE(4000 U/g)  _LUGRIR T A 4b Rl B 4 BR
N BERE(130 U/mg)  HRIERIIRAE MBI iy s H:
AR R S Ar 4l

DZF-6050 JH.25 T4F  _LiG—EREASA

BN SHA-B fHIRFRIR BRI REMYX S AR & e
AIRAFE pH IF BAZEWHNESA TR H]; PSX £ RE
IR RS FEFE RSO A FRAY H; TDL-
SAB R URE DAL R YLIR R EANER A BR S Al
UV-2600 $£4b-1] WL T b atE A i FAY
A BRI R AF S

1.2 SEWFHE

1.2.1 1&FRZF TLEAPRHRERRZ G FHE K ik
T4, 120 12 h SRR SR IR 2R, TR
LA 35 LABT IE K Ar28 . ARSI ZH 2 mif i
AN R G RESE T 30 °C EEFRAA D, TRE 95%, K
AFE] 5 d, B 12 h #oK—k, BERERTEE . R ZFH
BEIRES S5 G, G2, G3., G4, G5, DIRAZEM
MR E AT BE, BRiCh GO,

122 B\ ABRRIFMEE KIF 5 JIWIKEE
120 °C F K 15 min J&, 88 2% 09 L@ in A Z& i
I HP RN S, B ERIEFRAE P, 36 C K%
8 d, FERERTHURE . BEHTAYRE S 4 SIARIE N GF1,
GF2. GF3. GF4, GF5. GF6. GF7. GF8.,

1.2.3 B EEC BRI 12 h SRR
Weid 40 B, #REL 1.0 g, JH 80% LMk EL 1:10
BT AR BOEIRI 2 he B EELLHLEL 4000 1r/min
B0 15 min S54SR B 2 R, B IF LIETR
FHRIRARAT

1.2.4 A& ENE  SEE eI E R A Folin-
Ciocalteau bk . DAV B TR AR ME WO 3 i
AERR, WG RE S PA AL BRZ RIARHE I ER, HA504 1= 7
FR: y=0.0667x+0.0356, R*=0.9967 .

1.2.5 B LR TENE

1.2.5.1 DPPH H H3LIERRRME  WHL 2.5 mL £F
Mg, LA 1:1 e @hin A DPPH &4, #£4] . #EER
LY 30 min J§ 517 nm AT IEWOGEE, i A
MW HL 2.5 mL 80% W, [AIAEHE 1:1 19 Lblin
A DPPH %W, 517 nm & F ) W6 B, idh
Ayo DPPH H HFEEERFIHA A=) fis:

A, —A,

0

1.2.5.2 F2H M ZEEERRWE A R oom

DPPHH H3ETEBR R (%) = x100 = (D




<72 - £ Tl B4

20254 4 A

A 1 mL 10 mmol/L i FeSO,. 1 mL 10 mmol/L #J7K
#1121 mL 8.8 mmol/L 1Y H,0,, 37 °C /i 30 min
JEAE 510 nm AW EWRO'GREE, 1828 A LA 1 mL 7818
KA HLO0,, HEHMAS WG EEIC Sy Ay PA 1 mL
ZEAR KA A DAL i, LGB0 2 IO BT Ao
¥ A B EIEBRRIT R AR AN(2) FR:

A - A,

0

®H EB%?%B%%(%F(I— )><100 X @
1.2.5.3 WRJFEJ3ME [\ 2.5 mL AR08 AR AN A
AR 1% 09 2R ST AT 10% 1 =& 1R,
50 °C 7Ky 20 min Ji5, 2000 r/min Z5.0> 10 min J& B
5 mL FHFR, HRURIIIA 5 mL 2848 /KF1 1 mL 0.1%
iy =S AR, 700 nm AL E RSB, 10 Ao FZE
PEARARIZ R AR, FHAE IR E] L, MIFR e ie
N Ay JFEITHTTHAAZ AN (3) :
WET=A -A,
1.2.6 MASMEALITHAL
1.2.6.1 OOfEWie FREC 1 g BE5, INA 20 mL 2818
7K. 0.5 mL H BRI (1.3 g a-TEREFA T 100 mL
1 mmol/L CaCl,, # pH = 7.0), 786 A &<, 37 C.
100 r/min 2514 F IR HEAL 10 min, 1521 1 TH RS
Ao BSOS BV O TR A i L RSN AT
e AT BT
1.2.6.2 FHIE WA KO EEASORES pH 2
2.0, A 4 mL #3I B (4 ¢ B E AN T 100 mL
0.01% A9 HCI %), 37 °C. 100 r/min #GRA FR
wiEAk 2 h, 1538 B iHEAEES . B A TE R T
A AR MR TR . AR T BT
1.2.6.3 U7 Lot B AR AR S E T UKok
R IR, B2 HL 5 mL BIHII% W (0.4 g YRG5
2.5 g lH¥HER# T 100 mL 0.1 mol/L pH7.0 BRERSNLE
WD), P pH Sk 7.2~7.3,37 °C 144k 2 h, 2500 r/min
0 10 min JEfE L VEWANERIE 4y 2SI, LiEWHTF
S e RSN AR Y L AR TT KR ST, AR
FH 4500 K%
1.2.7 RSN LI ARPRARTE WA 17k H&
DR FE SR, RPR R 20 W IR T 85 W R % .
LU B miE s H 6 1~ H WA i it biE =
BB BT EE3E(H, 5 1 mol/L pH7.2 MIBFIRERLE ik
FHE 1:10 bR A, S uE MBS, BTk L&
FHo B i b in A 2] 90 mL K )5 IR &1
FEFRH, 4 °C KA 16 h JFIMA 10 mL SRR,
37 °C KW, ANTERIESS 0. 5. 10, 24, 30, 48 Fl
72 h B HURE, 2500 t/min B0 10 min f5 WA _IER,
T8 & ., preafbimt:. =l s
1.2.8 EWnT Ktk A nT vk B A S (4) P F T
=N

LEWITT RV (%) = E(C:—g x 100

&)

& @

o PCA FoR A [FEITHE AL MY B okl i & iz o B
ST Pt s BT AL BE 71 PCB: RSN AL Z BTEE &
LI S e b A AR T o
1.3 #IEAIE

WIS HEAT IR E &, 45 RV EhR fE 22 3R
Ro K SPSS 18.0 #{4i:1T Duncan 7% Z & b 3%
Fo 4 3 PE Sy BT (P<0.05 R 22 5 W3, IE A
Graphpad £,
2 RS9
2.1 EFEAENERIENGEESBEERMEWENE
0=

B 1A R]HL, 7 & 2 kP IR Ak B AT A
S S A e R R RRAEAT . Bl & SRR
FIAFE AW RS T, [FE s S AW = . GFS
e A v B B e i (1246.504 pgl/g), & GO iz
B 106 1%, 5 T IR 4H 2 117 SR FH Bl % Ji fide 22 ip
M2 & (813.6 pg/g)" . ATRERY SRR e &
ZERTE TR IVER R, 2 R A R T B
AP, SRR T, AR
fith I, RN 85 & W R A UE — 25 1 IR 4 At BE v 2T 4
R R RGN, (15 2 AP S5 5 2
Yyt — R . SR, B A IR TR ARS8 in, 5t
ek R AN R A S IR T, M AR R A
TR, BRI R T A BT A B, SR
TG RN XD SR U T & 2 K B PR
B, 455 T R R 8 o e I in . 2 VI HH 50T o ke
T AC R ZE R, HR S T R T, S
ARWFFELERAI) A o

WE 1B fT7~, DPPH [ A &7 55 R b &2 28 &
EEE RA B U TS S IS I, & G1~GS5 Bk,
DPPH | 7B RGE 12 FIFH . G EMN
DPPH H i 3E3E RN 41.95%, &&= GO £ 1Y 3.28
%o Bl X & 2R ZE JE1T A ligAb 38, DPPH H 3t
I BRFAE GFS FEAL T 55 (86.83%), 4371 /2& G5 FH
GO 42 /) 2.1 fi5 1 6.79 5o ASGh SR Hu R 4T il %
DHR AR BN AF ST 28 SRR AR, v BB Hh P R IR A
SRS A 22 5. XIECS R FH Ll P
X K ZEKFR R TR A B, DAL HE J1350, S5 AT
gER—E

A JEL 7 Al AT B gl 0 AR R BT AL AR RE T Y R
U8 nE 1C R, GF5 42 i 5 1 i3 (0.67),
J&= GO M 2.56 fir. & ZF K PRI AL PR AR b,
4N A B Tl s o A N S ES) SRR S B RS PN g It
T (L 1A —2 . P4l iR ) 5 00 &
A —E R ST, B Rk Ry, HOA R AE
AR

BRI A ISR R T2k E— RN
R, XN 23Xk 2 R 3 ™ B A AT B AET
I, 2 R SR BRSSP I R S LA RE
JEH EE ORI Z —, X T AAUEH LAME R BT LAY



%468 5 T

e, 55 RS RIS 4 Sy A T K PR -~ 73 -

BXM, mE 1D ATHEL FER ZER B FRS , ik 2 55
FI P 98 B R R L2 8 0, 76 GFS B fh b ik 3% (H
(84.16%), 32 G5 1M 1.4 i%, J2= GO 141 2.98 1%,
XS TN o ik P 0 U E RN A I T D Ak B, Ak 2
PR R T , A7 2 B BE S M W IR, Ak A2 R AR
TSIENS, AR PN B8 22 BT TG PR BT Rk, IATTT
A B ALE R I . EIE AR JEH, A EEAbTE
THE i R 2EEOR P A TG TE . BT AED S R S
R ZF RN TR IR, HARS MU A RE T

>

1400
1200
1000
800 |
do 600}

5 400t

it (ng/e)

S

L

200F o e

NS> O‘) OQ\GQ’LOQ") GQD( 6{) C§¢b 6({\ Cg"o
ENGLR TS

90
80
70 ¢
60
50+
40
30
20
10 |

DPPH H 5% (%) ©

5

>SS > 6‘7 O{(\C}Q% é{') GQD‘ &6 éb 6{\ C)Q%
ENGiling:iYiea

a

0.7 1
0.6 -
0.5+F

S

X

0.4+
03F

02— —
NI X N 0 o N\ ¢
I CSEEEESE S

NGl ke

90
80
70 +
60
50
40
30

BEHMBEFRE (%) O

Y

0 L L L L L Il
C)Q 6\ 6’1» C;‘) Qb( 6‘) C$\ G{O' C)Q"? C)Qb& C$5 C)Q‘o Cg\ C)Q"o
AR IR 22
B RZF R BEIMRIAE B A S 5 5 (A) . DPPH H 253§
FR(B) . i 51 (C) IR A A5 ER 3 (D) Y2 1k
Fig.1 Changes of total phenolics content (A), DPPH free radical
clearance rate (B), reducing power (C) and hydroxyl free radical
clearance rate (D) of naked oats under cooperative germinating
and fermentation treatment

Baoph R AL PRAGTESE . Hiran 250" Fi| & BRI & 28
PRI K, G55 IR PR AL PR AT i) 254 ) KK
BB E AT, SAFITSE IR —3,

g b, HIE L WTLUE S, 138 Sl & i S AR SR
BrE LR T HE GF5 HEfh i - Mencin 4507 3,
e, DL B R A M A AN PR AR B A R
T K F LA ATE PR 20T 5 . B, BEEL GFS5 A
S TR SRS M TS AL AN S I R TR o
2.2 IMERUEUMER BB S ERIMENEENTL
2.2.1 RSMERIHEALB B BB &m0 As L XS
e TR R PR ZE AR ARG ML T AR 9 BE R 5 2 /NI
PR g 1 le<BH < (8] 2A), 5 G Fl2E 5 /9 5
& AT B 5 A A B B T A 2 VAR OG . 55 1 BT
AT B Ve RN B VH AL B B B A LY, AT
A B ) IR it 2 A U B Bt . S I i RN AR 1 g AR, RT
LIRS Z 85 B M2 B>, 5546, K2 K
b [R] &b B 2 A A A ML A B B 1A By 2 B 3
T XE(P<0.05) . BAMOKTE, & 2L R EE
W ZAEBLRL OB . B | B AR B i A 5 5 43 )
A 273.69. 390.29. 500.64 pg/g, HEXTRES> B3R = T
2.7 4%, 2.9 f5F0 2.7 fi%, F2BH & ZF & EEMEI AL BR AT L
P BTE B AL A S RS IR S
VTHAZEDS ot 45 IR —2 . X AT Refeth TrE R
PIVERAT, 12 2k b AN e g p it — A R, (A5 %
TR 7 FEAR S MBS AL T B B 5 S5 T A TR P AT
R, 1SR Z 45 5 W9 B . Mencin 4522 @i %)
L R ZF-R B /NZ FNARAC I NAZ BRI, R ZF+K
T A B /NS FE TH AL TE P9 G AT $E 2 1) 48 S B n
T 7%, SE—2UESE T & ZF R TR PR A B T A gk
FA I TEALIT B B
2.2.2 IRAIMERITEALBT BB A L TEE AL AR
— ALY BE, &2 Ll FAC R GL 52 ) DPPH H Hi
FEVE 43 2 TR (P<0.05) (] 2B) . R EERME
e ZEAARSMERL O . B B B Ay DPPH H
RS BR R B 52.11%. 60.26% A1 74.74%, ¥
SoFHRAY SIS 28.68% . 33.27%. 34.54%., K REFL
LRSS O B BT AR B AR 5 435
A 0.3167. 0.5050 Kz 0.5643, bR Ak 364 3 346 5L
F15y HIHEE T 0.0313, 0.1753. 0.2090( & 2C) ., %
TERMEMEZAR O B =B A h3EE
bk 2 5B b TR, 4500 59.62%. 72.46%
e 74.68%, LbXT B 4342 5 T 26.96%. 22.75%.
13.01%(E 2D) . & ZER ML /INaTEGE B
PrEAL AT BEVA T pH 28 I 2L & W55
W BRI T, T RS & ZE R Ik TP s
SIS AR L s BAT B S P AL TE R L &
PRI P
2.3 (RIMERUEHCIM B4R R MR 1L
2.3.1 AWAEYEl et Wk 3A R, PARRER SHTE
ARG MEFATE AL B Sl A= T B AR fe i #A—3,



B
P2 PROMERIH AL B BRI i (A) . DPPH [ B ARSI R
(B). )51 (C)FE A AT FR (D) 1221k
Fig.2 Changes of total phenolics content (A), DPPH free radical
clearance rate (B), reducing power (C) and hydroxyl free radical
clearance rate (D) of naked oats during simulated
digestion in vitro

T ANFEVNG FREFROR 22 5 1.3 (P<0.05), &1 3 A,

PJEAWT S, TEARSMERITE AL B, £ A 2F
K PR UM R AR B e 22 5 6F BEAH L, R 9 A T A
PER MRS o K ZF KR AL A2 AEAR S MBI AL — A~
B %) Gl s 2 W TT KM 43 0 o 29.41% . 41.94% AN
53.83%, SrASEXTHEAY 2.4, 2.5, 2.3 4%, R LR
PR R AL B A4 1k 22 i A ] I ke i TR, 5
PR ZH 2 /i & B X ik 22 22 1 A ) v KRN 1 4808
it b 2% B, IR E] b Bk 3 Xt B A AT R R v

<74 - & Tl B 2025 4F 4 H
A 600 yime N kR A OO i N R AR 0
a x
_ N S b
= 400 = 40f
& =
] =
2 200y 4
&
Tz W ke [
) ) - e et
B80T o xpm o s e S 2 100y ESATM DN RS AR B a
S b £ 80| b
S ol : b
ﬁ § d & 60f ¢
= 40t i)
H % 40 b
m iz
& £ 20}
a m
0 - 0 '
(] = (i H 7]
C 10 ’ R C 150 ” e
X IR RN A& 2 ATl 47 T AR NN A& 2F A el A
0.8 F ;\? a
B 100} b N
R 061 =X c
= T N
¥ o4l d S d
e &4 50l
o :
NN & e
02F 'HE L
0 : 0
I i H i7} H
D100 e s 2 e D 180T b N e R a
= b '\§
= 8ot . a g 150r R
# b N #H ool
& 60F =X
% N g 90|
40F d
8 . ﬁ 60 - ¢
{0 1‘&"‘ —F—
X \
20} ¥ 30}
0 0 :
()i "

B3 RAMEATEALI B (A) L 2 B IER(B) .
DPPH A H3EIE R (C) AR SR F1 (D) AT Jebk

Fig.3 Bioaccessibility of total phenolics (A), hydroxyl free
radical clearance (B), DPPH free radical clearance (C) and
reducing power (D) during simulated digestion in vitro

BRI T ¥— KW . Anson S5 45 Hi, Kl FITiEAL
PRARSE & 09 A2 W) Ak PR AT T B — Pl 2k Ak
B, ] DA BT B PR i) AR i MBS 5 /. Mencin
SEP R, A AL BN TR Iy S S A ) mT R
W s TRAL B/ INA, IF HL, “ R 2P+ PrE] 4b B
Y/ INZE R Z2 19 B A= AT K VR T8 — R AN 42 2 Ak
HLZE5e SAMIEG /AN & . X T RESE S A&
ZP i fisc A2 24 i B AT Y IR AR AN AL, SR RS 3
15, T T ARBEE RS, HE A AR RS, Sl e
SV P Tl R A ik A2 PN B A 1 1) TN B B A ) B



%468 5 T

e, 55 RS RIS 4 Sy A T K PR 75 -

IR, A5 2 I ) 0T Bl 45 G A TR A . R
JTZH 2 71 ) R i 25 R I ke 22 B 2 30 B 2 P 1 e s
J1EerEt, BIERRR ER A RE NS AT AT T Wb 2RI 5 40 it
REFE A SR AN ZZ R P 3 — SRk, sRFTWr 5 22 FhBnlHr
(WA TBE Z 0] (Y RS8R, tof B T R4 vl Xk
AR
2.3.2 PrEAIEHEAYI AT At RSN B, K2
R R A PGk A T B B 2R B . DPPH H H 5t
R R ] Rtk T e . BAMSKRE, KEER
[N e A = N7 b R A = a  OE I SN
W5 B A AT K S A 71.12% . 86.42% . 89.59%,
FEXF BE 43 507 16.0%. 10.4%., 0.52% (% 3B); &K ZF
K EENEIAC T A T H L TR B Y DPPH
A 3 TE B A Y vl Bk Sy 5l h 77.09% . 89.15%.
110.57%, Eb T B8 43 5] fo 35 #2735 46.1%. 53.44%.
61.81%(P<0.05) (&l 3C); & ZF K P RIAL IR A 7E
FEE . B B TEARB B IR I ) A2 m] Btk
93.05%. 148.38%. 165.82%, X A5 45.19% .
92.63%. 118.54%(P<0.05)(|F] 3D). UtAh, BAFIEES,
TEARS ML A B Bt S A A vl Bt i R/ NI
KRR A O <8<z, 589 n] Mk as fea
—2. Liu &8P 45 1, ZEme M B BREE R i 20 55
T, A PR A RSBCEAE XS 0 I B, B TEHAGRY
BEBEISS G 2 L B AL BT BRI I R 2, A
BT AL BT S A TG A W mT e B v o
24 SZRAEBMEBEDBEERMENEENTKR

FH T 57 v 45 6 25 2 W 5 40 i s L it S 45
H, TS HE Y IVE R R A OB . R ik, A<t
TR G 17 K A LU A [ R AR 2155 X BRE 45 1 vh
SN B i PSR RE IS
2.4.1 AN BRI & e iAsth dniE 4A B
7N, PIFIRE S AE LS 1 R IR B B iy & o AB A e 44—
B, BIReFE eI g5 kB IR LS, B
BT, TER T 24~30 h B sE&H0E, S I 4A
T Mo KZERTEDMNRANEE A6 RS TE AT O h 7Y
BBy S 372.03 pg/g, KB 24 hik BB E,
458.22 ng/g, LEXTIEES 300.04%., FHH A 2 K EEDHHE]
AP AT HR S ZE AR5 R P R
2.42 5k BPLEALTEE AR RS A
PRI B, PIFPAE S BT TE HE AR AL i I As— 3K,
FAMARESE FFHERERES . I B, REFRIFEDIRLE
BRI 0% Z2 1 45 W R IR B i b s A vl P v X R
EASZE, BAEELLHY DPPH [ M 305 R AL 45
K% 24~30 h Bl i 5, K 2F R BRPHRIANER % ZZ LEXT
R 8.8% (&l 4B) ; W R L 5 1A 3A Jit ) FE 45 W K 1
24 h Bl B, B2 R B R AL 300 6k 22 Lh R BRE
0.2127([& 4C); PAFPFE L E F B L5 B R HITE S
7 /%% 10 h F1 30 h B sy, R 2RI MR B4
X RE 24 3% (18] 4D) . 4BF KAEUY X RS T
L5000 R BRI IR, AT ERE AT 4ErTh E 2Sb S AESS

A 500 [ =1 X REF R R

- <3
400 -
e g K
on
32 300
ﬂﬂ
,”:[ L
’éﬁ 200
i
100 +
0 j:::: -
0 5 10 24 30
20 R I E) (h)
B 100 [ EA MR RN & 2R R BEGcA
g 80 -
% N
& N
i I N L
= 2N
=
o]
(=™
[}
a
S
25 K IR E) (h)
C 0.8 =X N KEF RN
&
0.6 -
..R
i 041
)

0 5 10 24 30

250 I R] (h)
D 100 oyl KR
S -

A IEFRR (%)

10 24 30 48 72
45l K IR T (h)
Kl 4 IRHMEI R R B G & 5 (A) . DPPH H Hi 35 B
(B). i 571 (C) I A HAIE BR (D) 121k
Fig.4 Changes of total phenolics content (A), DPPH free radical
clearance rate (B), reducing power (C) and hydroxyl free radical

0 5

clearance rate (D) of naked oats during colonic fermentation
in vitro
W A WSS 30 h B BT AR AT P B o, TN PG
LA I SRS MR TE HETESS 48 h A B
1=, PEASIIFSE I 2 IR RIS o 1 X 22 5511
JR B P] fe R 22 280t R F AR BRAL B S , Al REAR S
SR, SRS S5 G 0 2 eSS I A= Y
ARHERT OB A PR S 2 ) ORI, (A5 3] 1k e
(BRI TR 4756 . BESS I AT Ta] O SE K, 12 il



76 - £ Tl B

20254 4 A

B CE I IVE R AT REHE— 2w o R el
AREE /NG o, SO AR RE T TREAIR.

2.5 HERIRAKEMEREYRRMENTL

2.5.1 AT MPE UnEl SA Fras, PIFPAE SRR
2 i K R BE S iy Ay m] PR e T E e T BRI
e, X REEY A A= n] KoPETE &1 30 hoak B
(26.71%), K% 48 h JFUR T4, ) 72 h BF 2 B4

A 60 1 XTI RN R 2R Bk A
2 SE
# 40t 5
5 N
=4
N
H 20t
o
EiE
0 = -] o -
0 5 10 24 30 48 72
45 % e T (h)
B 200 B IR RN Kk S R B A
S
150
X i
= i
ﬁ 100 -
&% & L]
o 'f'3§ -
2 soff NI
= 5
0 5 10 24 30 48 72
25 & ER R] (h)

@}

150 r 23 X1 REZF R R AE

(N
100

DPPH £ (3
THERA T Rt (%)

0 5 10 24 30 48 72

2t % R A] (h)
D 150 f B MR KN k28 K et
S
£ 00} \
=X o
= N
e
4
R
)
05 10 24 30 4 70
25l K BERTE] (h)

K5 gl kBB Boa i (A) | 2 A &R (B) . DPPH A
HIBEIE R (C) Al 5y (D) AT Kt
Fig.5 Bioaccessibility of total phenolics (A), hydroxyl free
radical clearance (B), DPPH free radical clearance (C) and
reducing power (D) during colonic fermentation in vitro

AT MM 4.93% 0 REZFRWKEZTESE R 24 h ik
B Ee = 49.25%, JEXTREEY 1.84 fif . XSk
W, K27 R I UM RIAL BRI R i T k22 B AE S5 1
MrBer 24 n] Rk, Anson 25025 i) M 5 & R AH4E
A TR Ly B A PR Bz isp R B0, TR R e Ak R
AR ES S TR I S YA EE SR G . 2SR
Wik N85 15 J5 5 45 g B fd, 1y BRAE 45 1 vh 0t BT
DI RTAS
2.5.2 PrEfLIEEAEYI T At FESE A R IRERT B, BT
ALY AT B 2 I e S e BRI A, R H
FH BE BRAE Y v B2 A, R PRTE R I% 24~30 h
A HE ERUAEAEL (18] 5SB~D) o FELS 7 & ], X3 R AY5%
B i ELTE R A Wy n] S METE 47.39%~140.90%, DPPH
F B3R R A AT BoPE S 11.99%~91.41%, i85 1
Al K Jg 17.14%~71.89%, & 2 K e [E] b 38
22 1 ¥ A i SR U BR A W BT LM TR 43.81%~
110.53%, DPPH H H 335 BRAE vl A AHEAE 50.36%~
115.24%, i85 J) A=W vl M PEAE 44.17%~189.42%
XF G L B, ¥R E b S SR AR T Rk R A T
30 h () DPPH H H3LIE . IR 344 mT BHesh, &
ZF R B R A P AR S5 1 N BT AR A A T Btk
Prm Xt g, tehh, S5AE 3 nBdE T LA, k&2
KR R AL BRAE 1 20 A A B T AGE TP AR
A MM RS &, (HA AT G KRS & S IS FE
T, 1645 I vh i ook 24 TR B 9 AR R A5 BRI -
Anson S5 (B FTARLIRIE T 2 ES .
3 g

SR AR S FL T AL AR U TN 435 W B A U A 5T
Tk ZE K T [R] Ak B ik 22 B AR ) AT R Y
i, AARAMEILTE AL B, R 2 K Bk 2 AR SR AL
HRE. B BiEAe = BB s A n] R
XSRS, A3 B XTRERY 2.4, 2.5, 2.3 f%. TE45 I R THERY
B, KW 24 h B & 28 R T R Ab 3Rk 22 04 S i 2R )
Al R PESEAAR s T R, X RRAY 1.84 5. RIATKL
FE LR BE RN RS, AR TR UE L
H A TETHALIE Y2 AT Bt Rl todit e 1T HAr S
N AR Bt . RS R PRI RO T 4k
22 S A R FH AR A8, 122978 L AR AR
%, AL R A e in T2 SRtk & i I+
KA T BUS S, ORI AR L R
HuIX 283 & R HA LA o SR, A R3]
SRR 2 T R L IR FR ZE i — 2 TR AR

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S ik
(1] 25%, 20FE, BaE RELSMUAGTF TR ] R
5 Jm 1,2022,22(12):92-96. [ YAN Shasha, WANG Shaojun,
MA Tingjun. Research progress of oat cereal beverage[J]. Storage
and Process, 2022, 22(12): 92-96. |


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3969/j.issn.1009-6221.2022.12.013
https://doi.org/10.3969/j.issn.1009-6221.2022.12.013
https://doi.org/10.3969/j.issn.1009-6221.2022.12.013
https://doi.org/10.3969/j.issn.1009-6221.2022.12.013

%468 5 T

e, 55 RS RIS 4 Sy A T K PR <77 -

(2] BBHT, &3, A4, . A28 o 3 & 2O 00 1A R AR
A AHF M Foa [J]. £ 5 A8 T Ak, 2025,51(1): 216-222.
[ GU Qixin, MIAO Ying, FU Yuan, et al. Effect of thermal treat-
ment on the digestive and antioxidant properties of oat bran[J].
Food and Fermentation Industries, 2025, 51(1): 216-222. |
[3] LIY,LIM, WANG L, et al. Effect of particle size on the re-
lease behavior and functional properties of wheat bran phenolic
compounds during in vitro gastrointestinal digestion[J]. Food
Chemistry, 2022, 367: 130751.
[4] CALINOIU L F, VODNAR D C. Whole grains and phenolic
acids: A review on bioactivity, functionality, health benefits and
bioavailability [J]. Nutrients, 2018, 10(11): 1615.
[5] JUANIZ I, LUDWIG I A, BRESCIANI L, et al. Bioaccessibil-
ity of (poly)phenolic compounds of raw and cooked cardoon (Cy-
nara cardunculus L.) after simulated gastrointestinal digestion and
fermentation by human colonic microbiota[J]. Journal of Function-
al Foods, 2017, 32: 195-207.
[6] ANSON N M, VAN DEN BERG R, HAVENAAR R, et al.
Bioavailability of ferulic acid is determined by its bioaccessi-
bility [J]. Journal of Cereal Science, 2009, 49(2): 296—300.
[7] DURA A, BLASZCZAK W, ROSELL C M. Functionality of
porous starch obtained by amylase or amyloglucosidase treat-
ments[J]. Carbohydrate Polymers, 2014, 101: 837-845.
[8] WANG T, HE F, CHEN G. Improving bioaccessibility and
bioavailability of phenolic compounds in cereal grains through pro-
cessing technologies: A concise review[J]. Journal of Functional
Foods, 2014, 7: 101-111.
(9] 4, Zdhdh, BER, 5. REELM B0 LA RIER K
BRI E At A2 P L RAL 9 AL [T]. R T kA, 2024,
45(19):58-65. [ WANG Hua, MENG lJingjing, MA Yunxiao,
et al. Purification and characterization of buckwheat bee pollen
polysaccharide and changes of its antioxidant activity during in vit-
ro digestion[J]. Science and Technology of Food Industry, 2024, 45
(19): 58-65. ]
[10] &r& 7%, AEit, K08, 5. kSN R Bt ARG oF 4
P A A A 6 AT AR B Hm [J]. R A, 2020,
41(2):94-100. [ ZOU Qingfei, YANG Shihua, LI Yonggiang,
et al. Effects of in vitro colonic fermentation on phenolic content and
antioxidant activity in dietary fiber from highland barley[J]. Food
Science, 2020, 41(2): 94-100. ]
[11] FREE, 3% BAE, kAT, . ARsM B Wi i A fo 25 0 BB
R EHR S B AEWAH AR RAAFRGHwm [J]. R R,
2020, 41(21):28-35. [ CHEN Bi, HUANG Yonghua, ZHANG
Jianping, et al. Effects of in vitro gastrointestinal digestion and
colonic fermentation on bioavailability and antioxidant activity of
phenolic compounds in changhei hulless barley[J]. Food Science,
2020, 41(21): 28-35. ]
[12] AE& A, BT KB E § MR AN EL B A TR
# % v [T, B4R b 4R, 2024, 39(7): 76-85. [ REN Zhilong,
LU Junli. Effects of fermentation on antioxidant activities and bioac-
cessibility of polyphenols in naked oats[J]. Journal of the Chinese
Cereals and Oils Association, 2024, 39(7): 76-85. ]
[13] ZFRF, A FEH, NEE ARKEALAHRL LT
B ey B 1], P B EkiE, 2017,36(8): 104-108. [ WANG Jia-
chen, LIU Suchun, LIU Shanxin. Effect of Furotium cristatum fer-
mentation on polyphenol content in oats[J]. China Brewing, 2017,
36(8):104-108. ]
[14] B—M, F &, ik, F. A T2 EESLMNZ IR
B3R ACHF BRI AU [T]. F B ARk F IR, 2024, 39(3): 64-70.
[ ZHAO Yifan, LUO Lei, MA Xiao, et al. The mechanism of mung
bean husk degradation and physicochemical characteristics improve-
ment based on Aspergillus niger solid-state fermentation[J]. Jour-
nal of the Chinese Cereals and Oils Association, 2024, 39(3): 64—

70. ]
15 ] 6. & 3F 4o iy B R0 5 o A B S8 0 /KA 2 A 8 I S S 89
e [D]. AL #f T X 5, 2022. [ LIU Tian. The study on func-
tional nutritional quality of high resistant starch rice during germina-
tion and Monascus fermentation[D]. Hangzhou: Zhejiang Universi-
ty, 2022. ]
[16] B, Bk, DAl s B3 R Bk TRt AR A
Meag e [J]. & A3, 2021, 46(2): 130-134. [ CUI Jiangming,
ZHOU Hailong, MA Lihua. Effects of germination and fermenta-
tion on nutritional and antioxidant properties of oat[J]. Food Sci-
ence and Technology, 2021, 46(2): 130-134. ]
[17] M. EEAESHHERSHLAAYFRIGRBAGTR
[D]. )" M. 4% T X%, 2018. [BEI Qi. Study on release and
transformation of phenolics in Monascus fermented oats and their
bioactivity [D]. Guangzhou: South China University of Technology,
2018. ]
(18] ZFsft, FE A, AL, . BAE $ HUBLSAT AL LA
AFEMELT]. B kA5, 2009, 42(11): 4035—4041. [ LI Jianke,
LI Guoxiu, ZHAO Yanhong, et al. Composition of pomegranate peel
polyphenols and its antioxidant activities[J]. Scientia Agricultura
Sinica, 2009, 42(11): 4035-4041. ]
[19] LIU Q, CAO X, ZHUANG X, et al. Rice bran polysaccha-
rides and oligosaccharides modified by Grifola frondosa fermenta-
tion: Antioxidant activities and effects on the production of NO[J].
Food Chemistry, 2017, 223: 49-53.
[20] Z& % &M, KRR, F. TRIAFALABSTLFERER
2 e A Ay bk 8 [ B R 4R, 2020, 35(4): 12-18.
[ WANG Qingshuang, GAO Shan, ZHU Lingling, et al. Effect of
Lactobacillus casei fermentation on the nutritional components and
biological activities of germinated adlay[J]. Journal of the Chinese
Cereals and Oils Association, 2020, 35(4): 12—18. ]
[21] HIRAN P, KERDCHOECHUEN O, LAOHAKUNIJIT N.
Combined effects of fermentation and germination on nutritional
compositions, functional properties and volatiles of maize seeds[J].
Journal of Cereal Science, 2016, 71: 207-216.
[22 ] MENCIN M, PETKOVSEK M M, VEBERIC R, et al. Simu-
lated gastrointestinal digestion of bioprocessed spelt seeds: Bioac-
cessibility and bioactivity of phenolics[J]. Antioxidants, 2022,
11(9): 1703.
[ 23] HUANG S, MA'Y, ZHANG C, et al. Bioaccessibility and an-
tioxidant activity of phenolics in native and fermented Prinsepia
utilis Royle seed during a simulated gastrointestinal digestion in vit-
ro[J]. Journal of Functional Foods, 2017, 37: 354—362.
[24] CHAIT Y A, GUNENC A, BENDALI F, et al. Simulated
gastrointestinal digestion and in vitro colonic fermentation of carob
polyphenols: Bioaccessibility and bioactivity[J]. LWT-Food Sci-
ence and Technology, 2020, 117: 108623.
[25] ANSON N M, SELINHEIMO E, HAVENAAR R, et al. Bio-
processing of wheat bran improves in vitro bioaccessibility and
colonic metabolism of phenolic compounds[J]. Journal of Agricul-
tural and Food Chemistry, 2009, 57(14): 6148-6155.
[26] AL-SHERAII S H, ISMAIL A, MANAP M Y, et al. Func-
tional properties and characterization of dietary fiber from
Mangifera pajang Kort. fruit pulp[J]. Journal of Agricultural and
Food Chemistry, 2011, 59(8): 3980-3985.
[27] CARCIOCHI R A, GALVAN-D'ALESSANDRO L, VAN-
DENDRIESSCHE P, et al. Effect of germination and fermentation
process on the antioxidant compounds of quinoa seeds[J]. Plant
Foods for Human Nutrition, 2016, 71(4): 361-367.
[28] LIU M, LIU X, LUO J, et al. Effect of digestion on bound
phenolic content, antioxidant activity and hypoglycemic ability of
insoluble dietary fibre from four Triticeae crops[J]. Journal of Food
Biochemistry, 2021, 45(6): e13746.


https://doi.org/10.13995/j.cnki.11-1802/ts.038647
https://doi.org/10.13995/j.cnki.11-1802/ts.038647
https://doi.org/10.1016/j.foodchem.2021.130751
https://doi.org/10.1016/j.foodchem.2021.130751
https://doi.org/10.3390/nu10111615
https://doi.org/10.1016/j.jff.2017.02.033
https://doi.org/10.1016/j.jff.2017.02.033
https://doi.org/10.1016/j.jff.2017.02.033
https://doi.org/10.1016/j.jcs.2008.12.001
https://doi.org/10.1016/j.carbpol.2013.10.013
https://doi.org/10.1016/j.jff.2014.01.033
https://doi.org/10.1016/j.jff.2014.01.033
https://doi.org/10.7506/spkx1002-6630-20181207-098
https://doi.org/10.7506/spkx1002-6630-20181207-098
https://doi.org/10.7506/spkx1002-6630-20181207-098
https://doi.org/10.7506/spkx1002-6630-20191027-300
https://doi.org/10.7506/spkx1002-6630-20191027-300
https://doi.org/10.11882/j.issn.0254-5071.2017.08.023
https://doi.org/10.11882/j.issn.0254-5071.2017.08.023
https://doi.org/10.3864/j.issn.0578-1752.2009.11.034
https://doi.org/10.3864/j.issn.0578-1752.2009.11.034
https://doi.org/10.3864/j.issn.0578-1752.2009.11.034
https://doi.org/10.1016/j.foodchem.2016.12.018
https://doi.org/10.3969/j.issn.1003-0174.2020.04.004
https://doi.org/10.3969/j.issn.1003-0174.2020.04.004
https://doi.org/10.3969/j.issn.1003-0174.2020.04.004
https://doi.org/10.1016/j.jcs.2016.09.001
https://doi.org/10.3390/antiox11091703
https://doi.org/10.1016/j.jff.2017.08.004
https://doi.org/10.1016/j.lwt.2019.108623
https://doi.org/10.1016/j.lwt.2019.108623
https://doi.org/10.1016/j.lwt.2019.108623
https://doi.org/10.1016/j.lwt.2019.108623
https://doi.org/10.1016/j.lwt.2019.108623
https://doi.org/10.1021/jf900492h
https://doi.org/10.1021/jf900492h
https://doi.org/10.1021/jf900492h
https://doi.org/10.1021/jf103956g
https://doi.org/10.1021/jf103956g
https://doi.org/10.1007/s11130-016-0567-0
https://doi.org/10.1007/s11130-016-0567-0

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 莜麦发芽
	1.2.2 黑曲霉发酵发芽莜麦
	1.2.3 总酚提取
	1.2.4 总酚含量测定
	1.2.5 抗氧化活性测定
	1.2.5.1 DPPH自由基清除率测定
	1.2.5.2 羟自由基清除率测定
	1.2.5.3 还原力测定

	1.2.6 体外模拟消化
	1.2.6.1 口腔消化
	1.2.6.2 模拟胃消化
	1.2.6.3 模拟肠消化

	1.2.7 体外结肠发酵
	1.2.8 生物可及性

	1.3 数据处理

	2 结果与分析
	2.1 发芽发酵协同处理对莜麦总酚含量及抗氧化活性的影响
	2.2 体外模拟消化阶段总酚含量及抗氧化活性的变化
	2.2.1 体外模拟消化阶段总酚含量的变化
	2.2.2 体外模拟消化阶段抗氧化活性的变化

	2.3 体外模拟消化阶段生物可及性的变化
	2.3.1 总酚生物可及性
	2.3.2 抗氧化活性生物可及性

	2.4 结肠发酵阶段总酚含量及抗氧化活性的变化
	2.4.1 结肠发酵阶段总酚含量的变化
	2.4.2 结肠发酵阶段抗氧化活性的变化

	2.5 结肠发酵阶段生物可及性的变化
	2.5.1 总酚生物可及性
	2.5.2 抗氧化活性生物可及性


	3 结论
	参考文献

