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PUAERMBZEME, R A NS EEER TR E
TR .

BB TR DPPH (X120 3 Mrét ) | Bl iz T i 51
(1) A BRA W) s bR S 8 A a-TER
fitg MR AR R, AUt R R R A R A A 530%
H,0,, K E T K A28 A BRA | 5 ok OB
WRER BN BB R 0 B A A Bk
PO E O A IR TR TR VA
SAALEN ISR A BT
12 NB{5EH

pH i1, B 2847 BR A 7] ; UV-2600 % 51—
AL R EE T, AU i AR A R AR A
FRAF] s DZF-6050 FL28 THEA , il —fE R
AT PR W) s SHA-B fHEFE IR, B P RFRMY
AR K RATBR S 7] PSX & fig A fe kL E B 5 540, 1
VR S A BRZA 7] s NDK200-1 &AL,
1 E A AR A R H S TDL-5AB ¥ 7R 2 0
BL, W R ELIA B AR A PR A
1.3 REHZE
13,1 REIFKEZMHIS MR H 4wk %
RFE T EARA A B MR 20 °C R )R
JE 15 mm, 129 20 h J5 , K ZFIREE 23 °C, K ZF i) [A]
5 d 2R R, AN IO Bk T
BRZ%JE 12 20 h J5 , B F 23 C B JE 95% ) 1H
BRI FRA PR IR B 12h K 1R, EZF SR E
2T MR B IR 40 B 5, T =20 CUKAR % BHRAF
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1.3.2 PRAMEHLIE (1
1.3.2.1 BEEINm AR E IO 13 g
a—-JEM B T 100 mL 1 mmol/L. CaCl,,pH {H A

7.0; B0 E W .4 ¢ HEAEE T 100 mL 0.01%#
HCL W ; B 0.4 o (BERES 2.5 g R ER
T 100 mL 0.1 mol/L. pH 7.0 BRMR%HHZE il .
1.3.2.2 B EEIHEAA FREC 1 g FEa IR IIA
20 mL ZE4% 7K (1 mL 0L T 5, 37 CHE IR 2 IR
100 r/min {44t 10 min, 8 000 r/min &0 , B 75
1B ER , AR 4 CHERRE, T ZW
it PR AR E

1.3.2.3  BLUUE WAL KRBT I AL S i sk
PEATE AL, A 0.1 mol/L. HC 75 pH {H % 2.0,
A 4 mL B85 W, SR AR A, BT 37 CHHIR
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RS BB AR, SRR 4 CHEH AR, T
Z M ik M AR

1.3.24 BEU/NGHEA HIHEAR B R
T AR AT AL, B AL SR R T
VKK A E, 0.1 mol/L. NaOH ¥ pH fH % 7.2,
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FEREVR, I 22 B o i M pi A A

1.3.3 RING ke 525 WRRESFOIN 45 1 K %
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SO Tk, S5 R T RER IR R IE AT H e
i H 6 1~ A NI il Tk oA R B A% R i 2
{5 1R 329% (AR FR 3400 1Y Lo 1) 45 1 4 22 ik
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KIS R ERE 3R, T 4°CKAE 16h J5m
A 10 mL ZEMESERY), R ABR A, 37 CIRE I 57
72 h, 439 F %8 0,5,10,24,30,24,48 1 72 h B
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min, BUL VWA BE 2 A5 A R EERE R T £
3 5 2t RN AU TR R
1.3.4 ZWiRE e alifk  #ERR L 1:20
A 70% P51, #EOGERE 2 h 5 4 000 r/min 250
15 min , BV W A5 B0 2 B4 UK, S 185 20
(997 W B ML O AB-8 R FL A i #E 47 43 B9 4l
b, VR & s B R TR R H
1.3.5 SZm&aEmiie 32 BOR R R B BOH
AW A S Z2 T i 19 € SR Folin—Ciocalteau



245 FHol

K AR E G By B AL BACE A T RO 6 R 35

Fb ek o DA TR b o VA TRV B W B AR A, 760
nm K I B W B R A AR bR 2 4 A A
2 AR EM L B 7 7 h 1y = 0.0667x + 0.0356,
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1.3.6.1 DPPH H H &I R E B BOR
sH AR 2.0 mL T H LA T A 0.2 mmol /L
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517 nm &b KGR id A A 2.0 mL 2818 K
FRABEFFM , 5 G e A Ao, DPPH T BR %
HEAK.
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AL R A a3 AR AR DI RE 8 W' B AN 2
IR B IO B
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A 1 mL 10 mmol/L ) FeSO,.1 mL 10 mmol/L
B K # R .1 mL 8.8 mmol/L 1 H,0,,37 °CF S
30 min, £ 510 nm JEEAMSCE LR A,, LU 1
mL ZE 18 KA HL0,, W5 i R TR Ay, D1
ml ZE IR A R IR AR O 1E ok Ao, B2 H
T BRI B AN .
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1.3.6.3 WJFHIE  FH 2.5 mL 4 B0 B H
W, A 2.5 mL 1% B2 FALER , A 10% 19
2.5 mL =5 4,50 C/K ¥ 20 min J5, 3 000 v/
min &0 10 min XN IERP Z R0 =H O
MR, RSO 5 B9 F VRS mL, AR 5 mL 26483
KA1 mL 0.1% = F ARG , 78 700 nm P KAk
W2 W A 2R TR KA BB AR D 3R
[ b, W AR IE T Ao, 3R 7 0TFEA 2
H

WE I (%) = (A1=A,) x 100 (3)
1.3.7  AWnl frE 2B Juaniz 90 7k RS
B W 3 0 T RN 25 W kT ) 22l S ot A AL T
PRI W] Bt R 2K 4 T
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A PCA N RSN AL A [R] Bir Be w45 M % I8¢
ENELNEVEY e S PN AR 7/ ey K R AT
P PCB A A A 2 i RE i o 1) B 26 A 5 3%

B A AT

1.3.8 BB & s iE B BRR 1 A i I R
FH = BOBOH 3 1, HAR T 1L S I8 Lu SRR 7
2

1.3.9 #dlaabgrik RHI SPSS 18.0 ¥ A4 by
I8 B , Graphpad 15 B, 25 58 F 7 B £ 45 i 22
#~(n=3),
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Fig.1 Comparison of contents of naked oats

polyphenol under different treatments before digestion
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2 Fin . M 2 WA, R 2F kA 2 R BUR T
DPPH H M EE A W5 BR 3 LR K 2R 235 1 1.16
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Fig.2 Comparison of antioxidant capacity of naked oats under different treatments before digestion
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Fig.3 Comparison of polyphenol content and antioxidant activity of naked oats under different treatments

during simulated digestion stage in vitro
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FERIME S L B, Z B 7 T VH /N
WS AR T, NG 21 5 i b2 0
Jn(P<0.05) (&l 3a), —J7 I n] S i et AE
PR R FE I W 2L K R B, DI BE N 25 &5 S 2
I RE R 5 53— J7 T, e 22 v 1) 22 8 mT REAE I T Ak T
HERRE AT B o o X5 1A i S R AR S
BB 98 25 R — 30, 1) 50 S5O 5T % B, B )
22 Wy 20 JBAE H Ak B BORE Tt 1) K/ IN I IRy
FE N 8 X S5 ABIFGE 0 25 A R, 18 X A
22 519 SRR AT R T ) it o ) 22 1 o 28 R v
AR 5 53— J5 T, BE A2 v (9 22 1 P e A i X R
PEIREE TR 2, SREm MM KT H
1536 oilN

[y SR = NN AR AW N X 2
T FEAHRIR A 73.74,99.93,137.03 welg, K Sk %
H AR U R 269.92,312.34,414.63 pg/g, 73 Bl
TEARK LA 3.66 15 3.12 £5 3.02 % (Kl 3a) .,
DA b 0H 3R B R 2E 0k A2 22 1 A 3 AR P9 Y 7
RN (P<0.05) , 3X AT A8 A2 By T & 2 fifi 1k 22 4
b B 2 T 1 BRE A AL SR AR AR, S T
THALEEVE AT, 5 Al Mo BESE & (00 2 W &) TR0, I i
fifi 45 22 1 75 T Ak 7 8 e

DPPH 1 Fh JE 375 B 68 1 7EBE 30/ 1 1 1k B B
KB ROK, REFEMEE D H . /N
DPPH 1 235 BR 2 47 51 8 66.29% ,72.42% ,
84.80% , HAINT 18.51%; K%M EMWIK N
23.43% ,26.99% ,36.86% , M T 13.43% , (&
3b). ¥ F B SL T BR AR 1 EALRL/ N I A0 B B ik F)

K, RFMEMRDNE B DoEeRiEA
r L3 [ RAK N 53.15% ,74.21% ,81.20% , 34 il
T 28.05% ; i A K ZF K A2 00 R L AH 4 0 R
35.33%,48.37% ,54.00% , 3411 T 18.67% (I 3c).
KK FE 8 IR IR R 69.10%,92.17%,37.03%,
WM T 55.14% , K K K ZZ2 A R AE 5 5k
30.53%,35.57%,30.17%, #4017 5.4% (/& 3d).
W AL T Ak B B B K, X 5 R BE AR
Y &5 S AAH ],

XFE DA B s v DL TR R —TE AR R B, R
AL W2 & K AL EREE SR TR
A T H R B, R 2R i £
1y 5 S [ H T B R B iR e KT Rk
TEAR A o DA O R WY e 2 AT 3G ik A v 22 1 4
P A o TE T A N R R, X RTRE T & 2
i 15 ke 2 B0 1) AN B B O 2 25 A o A0 R AR, 2 )
TE ' 1 T A TE P TR B8P B8 R AL g AR TR A2
PET 2y, A S TR AT T R D 3
T TR L SR 20 DA A A5 3 Ak B B e LAk R ) 3
271,

222 AN[RlAh AL A RSN A R D 2 W 5
PUEEALRE T A AT Rk LB R ZEN ik A 2
Ky AR AR T R 2 SRR 1,
1 AT AN [ Ak B A% 22 1) Z2 1y DPPH A i A&
BEER . BA R EERBN A AT L ETE O
B NI A B B R LT X S T R
i) 22 B i ST AR T T AR Al R — 3K
RURIMHE A B T2 5k 2 h 2 By S H A e dl

F1 FRLEBEZEHEMEBBEUTEFSHMERILENHED AT RELLE

Table 1 Comparison of bioaccessibility of polyphenols and antioxidant capacity in naked oats under different

treatments during simulated digestion in vitro

HALH B
T B % ,
=3 A N

AAEF EmeE 12.45 +0.30" 16.88 £ 0.28# 23.14 £ 0.05
DPPH # v A& &k & 31.00 +2.37% 3571 £0.57* 48.77 +5.01
#AWERFRE 55.52 +3.40% 76.02 + 4.45" 89.31 + 6.07"

&R A 47.86 + 5.04* 55.75 +3.78" 47.28 £2.48%

KA EWmeE 20.92 + 0.40:¢ 24.21 +0.49% 32.13 +1.23%
DPPH & & k& 75.46 + 4.20" 82.43 + 1.06"™ 96.52 + 0.97+
#AwERFRE 70.62 + 3.72¢ 93.60 = 4.10* 98.88 +3.27*

&R A 84.14 +2.51® 95.57 +3.91% 50.45 + 1.40¢

TE RPN 7R R85 28 57 135 (P<0.05) s AN A RS 5 B R0R 1947 25 57 i % (P<0.05) .
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Fig.4 Comparison of polyphenol and antioxidant activity during colonic fermentation

of naked oats digestive residue under different treatments
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AR ITLLER, KM FEIEHLR 20
B {E R 414.63 pg/g, DPPH [ 5 1 BR % 0%
H R 84.80% , ik JiL J1WEAE R 92.17% , 45 W K e )

Z W ARy AT Kt
Bioaccessibility of polyphenols/%

0 5 10 24 30 48 72
25 1 K eI [
Colonic fermentation time/h

(a)

scavenging/%

¥ H R A AT R

Bioaccessibility of hydroxyl radical

0 5 10 24 30 48 72
45 I 2 TR )
Colonic fermentation time/h

(¢)

B AR B 43 53 R 223.80 gl . 74.37% 62.97% ., *F
Fe DL FEAE T VR, KA T B L B B
2 W & & \DPPH H i BE 35 BRI 5 7 i i
Yim T4 R BB B, TR & 2 A2 AE S T Ak
B i) 2 B & DPPH [ H JE38 bR R I8 7 ) 1
B35 /NF 45 W T B B ) %o A LA b 8is i B
XFREZFMEN T, 45RO 25 Eh A
LAl oy FIHAGIE s X F R ZF M E N , 2 WS4
AMHASHEBHEAENSERTEB TS
H oo

232 AN[Rl ik Ak A7 I A BR i AR 45 W R s AR
Z W KU EATEEA Y AT Sk e ORI b B
27 I B T A 25 W W 3 i v 2 W R R AT
AT Rk Fe g R 5 Bk, mE S ATLLUE
W TR RS R Y B, 22 W B A AR T AR
YAl K ME R O S LI R B R, TE R B 24~
30 h 3K B EEAE 3 55 7 BRS o HE 5k i 2 i
eI B S5 /A — 2, T3 00 BRIB IR 1 oh R &
TEAE 7 I Ak R v v 22 1 KT AR TR M AR T

—
58]
(=)

——kRHF
—— R

—_
D 0 O
o O O

scavenging/%

DPPH =% Al Je
ES

Bioaccessibility of DPPH free radical

2
o

o

234 gy Jz T 1) ]
Colonic fermentation time/h

(b)

T3 H T R

Bioaccessibility of reducing power/%

0 5 10 24 30 48 72
ey A A
Colonic fermentation time/h

(d)

Bl5 ARLAEREZHUAREEEMABRIETSHENENLEEEMTRERER

Fig.5 Comparison of bioaccessibility of polyphenols and antioxidant activities during colonic fermentation

of naked oats digestive residue under different treatments
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PETE HEAS G5 W i e 300 ) 34 S 35 8 T R ZF AR A AL
BRI (P<0.05)  TE45 11 A 30 h I, R % 2 il 22 1
MBS 22 Wi 25 W) ] S A LU A 25 4k 22 TH A AR T Y
8.83% ,DPPH [ 2115 Bk J1 A= Wy vl Kotk Le K 2 Al
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x2 AREELMERMAENSE (uY/Q)
Table 2 The concentrations of ferulic acid during

different stages of digestion (g/g)

HACH- B REFH & E K
A ET 5.13 £0.36* 12.41 £ 0.43"
=02 7.98 £ 0.61" 15.02 + 0.38*
A 13.93 + 1.80* 41.26 +3.23"
2Ny 30.71 £ 2.56" 109.34 + 5.96"
250 A %% 30 h 125.41 £ 3.69" 103.18 + 3.29*

R /NG TR R IR 581 28 57 1 35 (P<0.05) s AN TR R 5 7 B
TR BT B (P<0.05)
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Antioxidant phenolics and their microbial production

Effects of Germination on Bioaccessibility of Polyphenols and Antioxidant Activities
of Naked Oats

Li Junli, Hou Lili, Yang Haopeng, Zhang Ledao
(School of Life Science & Technology, Inner Mongolia University of Science & Technology, Baotou 014010,
Inner Mongolia)

Abstract In order to improve the bioaccessibility of polyphenols and antioxidant activity in naked oats, this study was
conducted with in vitro simulated digestion model and colonic fermentation model to compare the changes of total phenol
content and antioxidant activity of germinated and un—germinated naked oat at different digestion stages and colonic fer-
mentation stage, and to further explore the bioaccessibility of sprouted naked oat. In the simulated digestion stage in wit-
ro, the bioaccessibility of polyphenols, DPPH free radical scavenging and hydroxyl free radical scavenging in germinated
naked oats were the highest in intestinal digestion, which were 8.99%, 47.75% and 9.57% higher than those of un—ger-
minated naked oats, respectively. The bioaccessibility of reducing power was the highest during gastric digestion, which
was 39.82% higher than un—germinated naked oat. At the colonic fermentation stage, the highest polyphenol content and
antioxidant activity in digestive residue of naked oats were found at 24-30 h. The bioaccessibility of polyphenols, DPPH
scavenging ability and hydroxyl free radical scavenging ability of un-germinated naked oat digestion residue were 8.83%
higher than that of germinated naked oat digestion residue, 8.16% higher than that of germinated naked oat digestion
residue, and 16.68% higher than that of germinated naked oat digestion residue. However, it is almost equal to the
bioaccessibility of the gastrointestinal digestive stage. These results indicate that germination can not only significantly im-
prove the bioaccessibility of naked oats polyphenols and antioxidant activities in the gastrointestinal tract, but also main-
tain relatively high bioaccessibility of polyphenols in colonic fermentation, which provided a new idea for improving the
bioavailability of cereal polyphenols in human digestive tract.

Keywords germination; naked oats; polyphenols; antioxidant activity; bioaccessibility



