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RE¥S FAIRGH ; 73 S B 5041 12%1 DF
5 0.15%1) FA 5 ECE 020 = /N 22 w0 v il &
W DF+FA 1RG5 H .

Sy /N Ry S A 3 FR A R4S 100
g BT AE AL KBRS Mixolab 256 M % i) I
ARG TN, FE 25 CHEEHIR A S min J5
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VR T 1R IS B K, L T A5
1.3.2  GMP A48 ¥ 1.3.1 154145 09 85 FH 1E
CREL AR 5 , AR 45 Don S5 024 A () J 12 45 BT A
) GMP, #% 1.4 g R T HUB AR GVE T .08 T,
A 28 mL 15 /L 4 SDS ¥ Wi 21, 15 10 45 78
TEV W 43 B4 20 J5 B0 (25 °CL, 15 000 t/min, 30
min) , UUVE I J2 085 11 B BE A D ol GMP, #8438
fit GMP %2 F 00 %2 GMP ki 4240 A, HiAy
GMP F¥& VR T8 J5 B 4 2o 0 4 HH
1.3.3  GMP RiA25r A e #4E Yan S99 )5
B GMP (R 43 A5 o B2 1 g o e il 4 1Y
GMP HE & T 15 mL B0, ImA 15 g/l SDS
W 10 mL, REERE I hidE 2 h J5 4 GMP #4574

BIFTEV T, GMP (kLA 43 A A FH O R
B 7
1.3.4 GMP 73 7 i & 53 A i I i SDS-PAGE .
IR Wang SFU4 AR 19 07 %, AT R O . R
5% 1) ¥ 4 e (pH 6.8) Fl 12% 1 73 B 18 (pH 8.8)
X GMP 735t 5 43 A1 AT 70 o 18 42 4k (0.5
ml 0.01 mol/L. Tris—HCI,pH 6.8; & 1A F17> %
10% B-%i%k & 4x Laemmli Sample Buffer)
XF GMP & U R #EAT 4 U, B 10 pl BVE )
I REEAT LUK GRS o FHBE S UG 2R e X G £ €
Ji BB 1A T LA B

SEC-HPLC : Z i Morel ™5 Larroque %'
7T AR B B, WERFREL 10 mg ¥ W TR 1
GMP, fin A 4 B (0.05 mol/L. PBS,pH 6.9, % 2
mol/L JR % , 15 ¢/L. SDS) , e 4 4ig 37 1R &) J= 1l F
FE AR BUHETT GMP 42 3L (2% 30%,3 min) . Z
J& 20 °C,17 000xg £5.0> 15 min, il 0.22 wm JE
R 8 i W, BRSO L HR B R RE 2 R AR
gAY, 2] Shodex Protein KW-804 (At , {4
TSR AN AN CHE 5K 1:1(% 0.05% — 38
LR, AN AT 1 mL/min, #£78 30 °C, & %
£ 214 nm,
1.3.5 HMW/LMW LB IE R Wieser 17
(75 75, R R AH 8 250 €6 35 5 (RP-HPLC )
5E GMP 1Y) HMW/LMW FAE {5 C8 #A A (i
FE 38 2 5 RO s A E . B R TR GMP
Ky A (100 mg) LA 1 mL 45 B[ 1R L5 21 50% 5+
I, 2 mol/L JR %, 10 /L. —#i 5 B, 0.05 mol/L
) Tis—HCI(pH 7.5)], TE AL HE T 60 CH 7
P20 min FEATIRI, B0 (6 000xg,4 C,20
min) H I 3 K, B IF FIS W RN A &R
U 0.1% = LRI ALK i aiAl B b & A
BB EL 0.1% = F LR LG (53598 ), BL 100
wL HEBCRVERE ) FEIR 50 C, PR E A 1 mL/
min, B A M 28% %] 56% 3t 17 B BT
1.3.6  GMP Wil (2R 2OLiE Ml g =
M8 Han 25085 J5 15 GMP 25 K 500 mg F4¢
b, A 20 mL R 22 mii Wk (0.01 mol/L, pH
7.0 WA A RAE R . B3 mL BT DU S G A %
A L AL 2 R TR B SR MR
B A 290 nm, 3 K 1 1598 F 300~400 nm , B 4% T8
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P, HU1.3.6 T AYE W 3 mL T A g T A L
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FE GMP & M 1 £ MG
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A 1 mL Fr#ERR (0.1 mol/L) , = IR EEEIFH 30 min
JE 5 420 nm Kb IO EE A )V B 1Y) 22 %4
TR EAT LR E 25 R, DL 22 SRR R -G M A
HEMZE % GMP b iy i 25 82 2 E A7 i H
1.3.9 kb a  g5R¥EE 3 ORIl 45
R x £s £on o B¥s ab 3R 73 A 5 SPSS
Statistics 22 #F47,P<0.05 1 B A K6 46 1) i 22 11 7K

2 HERE5RWH
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Sk

Fie HEOAS [F] R AR L 8 GMP O RLAR 534 43
F/NRBEAE <] pm R 11~50 wm 1K K45 >50
pm 3 MU, FRAR T GMP A AR 73 icin 2%
1 AR, HEAAL, FE 0~60 min [ % i} A] (1) 75
P, 25 A/ INVREAR GMP (4 A B 50 5 i T i s 1]

FEAR T REAR, 1T AR AR GMP 11 {4 R 2 5 I 1 2 i
[] /Y A TR, W & 60 min B Flour 4H K HL
2 (KL AE>50 pum ) GMP AR BU53 2 LR & O min B 3
T 6.1%. Don S5y, 76 1 P i & o Bt v, 35
31T AT T el T A P R T AL T i A i 2R
) GMP 23 th/NRLAR BT R B Bl A2 h KkiAE 5
AHR S e 45 SR AR L, 7F Han SR BF5E &
PRSI DF 23 fiff T8 757 25 (1 A RLAR 43 A1 & A= W 5 1
Ak A R E W2 T DF a3 & A= o As i
FA 58 1 2Z [ A7 16 W 5K AE D0 5 S B2 g
SFHURIN FA J5 GMP k20 kA, X
Al B AC IR I T FA /R AR GMP Jr o5 7 L 41
AT Flour 41 3850, KALAE GMP AR/
B E PR A, Y W BN DF 5 FA B
GMP it 22 A T H s DF 5 FA ZJa], K
KA GMP 7 2 B IR FR B2 /N T SR8l is im FA A9 21
S, X VAR N DF+FA 2RI i DF 5% FA
Xt GMP K43 53 A B 5200

247 A 1 & s 1] 55 21 90 min B, Flour 26 /NkE
% GMP W IRRU 0 Fe Ay, KoRLAR GMP 194K
B ECR A TR ABZEINT DF 5 FA (4511
/NKLAR GMP KSR 2230 T B fa 34, Kkhie GMP
PR B I TR s, BTSN DF 5 FA
) B 25 5 i 1 % 3 B2 v GMP i 42 4 i ) 3h 25 728
fhta#,

F1 #fn DF.FA % DF+FA 3t E g & i3 72 7 GMP K112 55 7 B %2 i
Table 1 Effects of DF, FA and FA+DF on the particle size distribution of GMP during resting process

28 %) # M 824 1 /min <11 pm/% 11~50 pm/% >50 pm/%
Flour 0 38.52+0.72¢ 22.43 + 0.46 38.26 + 1.12%
30 38.34 + 1.41¢ 21.55+0.71% 39.64 = 0.70*
60 35.02 +0.10 24.41 +0.33" 40.57 +0.38
90 37.81+0.51" 24.82 +0.33" 37.92 +0.82%
DF 0 29.72 + 0.58" 29.74 + 022 39.48 + 0.86%
30 29.51 + 0.06 30.92 +0.01 39.57 + 0.05"
60 28.53 +0.27% 30.26 + 1.27% 40.37 + 1.38"°
90 28.18 + 1.00 30.94 + 1.07% 40.88 = 1.02:
FA 0 45.53 + 0.89” 30.47 + 1.03" 23.99 + 1.87%
30 4171 +0.65" 26.00 + 1.06" 29.67 + 0.4
60 40.81 + 0.434 29.62 + 0.36" 29.86 + 0.63"
90 39.57 +0.34% 29.63 +0.34" 30.79 = 0.21
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(&R 1)
28 5 & A B2 & B A /min <11 pm/% 11~50 pm/% >50 pwm/%
DF+FA 0 31.68 + 1.48® 3542 + 1.56¢ 33.40+0.71®
30 31.24 +0.22%8 33.23 + 045" 34.26 + 0.48%*
60 30.27 + 0.66" 34.71 £ 046 35.59 + 0.31"®
90 29.16 + 0.35" 33.29 +0.22:¢ 37.55+0.51®

TE <[RS B 09/ TR AS [ 2733 U8 T K 1) 499 J0 ) 2 5300 6 AN T3] I 42 1of i) B A Jk 35 22 5% (P<0.05) , TRl 51 A B9 Q5 7 ik AN [] 3R AR ) it

SR T S AN T 49 T L 500 ) B 2 2 5 (P<0.05)
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PR 3R 5 WL AR b T BB 5 GMP kAR A2 1k
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Fig.1 The SDS-PAGE analysis of GMP
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I, BLAEZ 0 1 A ), BGRB8 i 8] 24 11~14 min 1)
U PN BT R R, B FA RN 2 (5 4 43
TR R, 5 80T A A IR A
T, X5 SDS-PAGE # FA $%( GMP
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Fig.2 The SEC-HPLC analysis of GMP

23 DF5FAXEREL T GMP TEE L&
B % i

A4 GMP W LU E AN 3 fros . i KT
1, Flour 215 FA 20 76 1A A1 i & 2o % v 3 35 L {E
A KA B E ARl A Aussena PR ST H A
Tt GMP 73 LA 22 1k 1y e v e e B
i GMP W3 (AW A7 - THE SR K, 5
AR S5 AL, {5 DF DF+FA § 40 5 Bl %
s [i) 9 22 I 35 LU AR & AR T I 35 IS i (P<0.05)
XA RESE T DF B R T A o AR v TR
R R R AR IR I A TR I ) A A AN ] AR
R EZ R EARRE TR HMW-GS & &3, &
SO 3 U AR A FH ), 55 SNE AR ) B 2 st 18] R, R
B DF FA 32 {fi GMP A9 3% L R, S5k

90min [ Flour 413V 5 FLEAH L ,DF 41 R T 74%,
FA 4 N BT 18.5% ,DF+FA 4 F % T 7.5% ,DF
5 FA A B AE H 7T UL £ GMP # HMW 5
LMW AR &, si AR P I R R G
PWEA EREE, i TS EZ S5 EN
MRS DA AR BEAILGUT B r B, Pt HE W DF 5
FA N A 235 GMP 23 i i A [ 37 5 ) 7 A= AH
HAER, S8 HMW-GS Bk, th R &R E A %1k
R HREE AR S AR IR A T Y GMP i R
B SDS $ OB WA I, N GMP Hr B ES ok 330
HMW/LMW-GS &4 BRI S . [FIEHHED i T
XA S GMP R FE 7 U TR, B B i
HMW -GS (1) % 28 1 2 18] 17 25 S5 T 3m
DF 5 FA W73 LU BRI B AN TR
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DR R )T R AN [R) 40 05 14 2 531 ) FL AT W 25 2% 5 (P<0.05) o
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GMP I E b (& Y 520
Fig.3 Effects of DF, FA and DF+FA on the
HMW/LMW ratio of GMP during resting process
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Fig4 Effects of DF, FA and DF+FA on the fluorescence characteristic of GMP during resting process
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The Effect of Dietary Fiber and Ferulic Acid on the Aggregation of Glutenin Macropolymer

and Intermolecular Interactions during Dough Resting

Feng Yulin,

Zhang Huijuan®,

Wang Jing

(School of Food and Health, Beijing Technology & Business University, China—Canada Joint Lab of Food Nuirition and
Health (Beijing), Key Laboratory of Special Food Supervision Technology for State Market Regulation, Betjing 100048)

Abstract The effects of dietary fiber (DF) and ferulic acid (FA) on the aggregation of Glutenin macropolymer (GMP)

were studied by measuring the protein particle size distribution, molecular weight distribution and subunit changes during

dough resting; At the same time, the interactions between dietary fiber or/and ferulic acid and GMP protein molecules
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were explored by fluorescence spectrum, ultraviolet spectrum and free amino content. The results showed that during the
dough resting process, GMP aggregated from small particle size (<11 pm) into large particle sizes (>50 pwm). FA de-
polymerized the glutenin subunits in the high molecular weight range. DF+FA reduced the impact of this depolymerization
on the GMP molecular weight distribution and maintain the subunit ratio at 0.25. Fluorescence spectra and ultraviolet
spectra showed that FA exposed the protein structure segments containing tryptophan and tyrosine residues to a more po-
lar aqueous environment. The content of free amino groups in protein molecules might be significantly reduced (P<0.05)
by 22.48% and 17.38% respectively (when the dough resting for 90 min) through covalent cross—linking between DF/FA
and GMP, resulting in changes in protein structure. Conclusion: The addition of DF and FA had an impact on the
molecular aggregation of GMP proteins, and generated intermolecular interactions with GMP proteins, resulting in changes
in the structure of GMP.

Keywords dietary fiber; ferulic acid; glutenin macropolymer; aggregation; interaction



