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1.3 RIEWFE
1.3.1 @i BAt A AR A 6 M 2

2y W ¥ BB GB5009.3-2010 K ke FR &% . GB/T
5506.1-2008 Al GB5009.5-2010 J7 =M E KB K T i
IR TN S8 sk & ARy 4 FRTEDR HH 7K 4 K9
NP AR
1.3.2 [-#FAEST T @ B AR 6 R AT

FETRRIG LAY, B 300g Tk (IA e -7
TR B0 N 0.5%- 1.0%- 2.0%- 4.0%- 5.0%) ,
INGE K CHBIFRE L 500FU A7) , e
#l, #K#E GB/T 14614-2006. GB/T 14615-2006 A1 GB/T
24853-2010 J5 ¥EBEAT £ THUKD H] A4 o et - B fepRe o
BIACRFPEI 2, FC AT IC SR T 28 . e il 28
Atk ze, HETHSSH, i p-HEMx 4
RIS IR AR P A S O,
1.3.3 #IEHH7

PRI B 3 IR, ISR H SPSS 13.0 it 24
RGHATH 081, FIH Origin 9.0 BAFEE

2 HBREHH

2.1 EMEREARERRLER

M 1 alsn, ARARTERY . PR . A TR A
Sk Ry 4 FhER ER R A K E N 8.78%~10.70%, K473
9 0.37%~0.42%, RIAIH N 24.31%~32.46%, EHTA
8.13%~12.51%. X2 ANOVA ZrHr& M, 4 Frimy )&
BHAE KR AR &R ZE T RE (P<0.01) , KoKk

1 {SF A% Low-gluten flour

HREREZERARE (P>0.05) o AR ERF7K
ZSENIFN, R 4 R EORHE 60°C TR E S KR
BIHE 5% AT 4

x 1 TEEHRBEEARER L

Table 1 Comparisons of basic components of different flours
%
Tk R BIKE K5y LT 3 HER
Flours Moisture Ash Wet gluten Protein
() 8.78£0.62%  0.42£002 24.31:1.50°  8.13£0.78
Low-gluten flour
——
. ) 10.29+0.41° 0.35+0.03 25.72+1.41°  10.15+0.72
Medium-gluten flour
T 9.84+0.82°  0.38:0.02 3246£1.17° 12.51£0.65
High-gluten flour
3L FR
Chinese steamed 10.7040.54°  0.37+0.04 26.14+1.06°  10.45+0.83
bread flour

I NFE/NEFREa, by ¢ RIRTE 0.05 KFEREE.
Note: a, b, ¢ indicates significant at 0.05 level.
2.2 ek L-AIBRVEXEH BREFIERIFE
B 1a 5 5RRWY, ARAHICRY . PO IROR . A TR A
8L AR HITROR R pi(%o) B HeZ2 p- 11 SRS I
xi(Yo) I N T SR AESE K, AR N
»1=3.233x,+56.19 R* = 0.996 (DO
1,=3.387x,+60.22 R* = 0.998 2
y3=3.567x5+58.08 R* = 0.993 (3
y4=3.567x4+58.08 R*> = 0.993 D)
RATReRE T p-H SRR RAFWRORPERL K B8 S m
5 T 5 D A R A R R A1 7 AR LA P o 1 3 2
YNV ETEE Gt

77 T Medium-gluten flour

BX w5 i I High-gluten flour B3 1% 3k HJH Chinese steamed bread flour
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Note: * significant at 0.05 level between the NC and the other groups, ** significant at 0.01 level between the NC and the other groups.
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Fig.1 Effects of oat f-glucan on farinogram parameters of four flours
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TE RS (R IE s ISR 5.0%K0F, 4 ik i T
TERUS A 23 58 420 7.2 7.5+ 4.1 min. BEEHEZE -4
PRSI IO, AR A (4D THD AT S N () 1 38 o 5
HH 3 THD K73 AR s A5 T A 14D THD T B T ) 2 - o s PRI
4.0% 8 NI 43 A B B KAH 10.4 F110.7 min, 5.0%¥%
BEEEE, 2B 9.0 F19.2 min; 183k FR TR 4]
FROE B AIFE 0.5%~4.0% A8 &AL A (P>0.05) ,
AINEA 5.0%F, WFHEZE 8.5 min (& 1e) o MRAHTHF
HHE TR e A DR 1) 55 A0 FE I S B SRR A N
3G T PR, TSk FR 55 40 B S 5 1Y 5 S
SR, 2.0%NMER BRI HAME (B 1d) o TR
Vi) J5 e T AT T 757 D) 4% () T oo 55, R i T AR 55 4 255 )
S T [ e S AU R e 0 T, MESE B R RE
REf s 4 PRIk AR TURRPE, (HMCERRE SRR
b R TR FREAR G, RIS B OGRS 4, K
AR 22/ 75 2.0% 8 e, A0 A TR X% e 5 T KD 7 4.0% ¥
e, ESkERMT 2.0%RINE. SRR ZE R TR

JRIPR R : 4 FPTHORY BB B T e S S AR B
M2, i -8 M 51X 4 Fhim e FUR 2R 5
TER 2 T T AR 28 25 40, thrT BE2 p- R pE A
B TV 1000 JC 458 A7 VX) 2 &5 ) A T 755 2 10 2608 HE 471 L3 e
FARYE, T RGHT T A R 2% a1l

M 2 aTLLEH, SHES. H . mEmRER,
TR K2 THIT T st a) I AR e i TR) 5 -7 T b
WINE 2 A 2 IEASEME (P<0.05 8% P<0.01) , §9fLfE5S
BRI RN N 2 [ 2 HAH M (P<0.01) 5 (HX1EkE
FARHIR B K BT SRS N AN 5 LR 7K 6 B T (41T i i
) 2 ) 2 IEAE I (P<0.01) o MR Fig. EimRe
W EATS BRI Y R R T AR e A 554k R
Z 8], BIEAHSMEE A M (P<0.05 8% P<0.01) ; Ifi
T8 S R ARy, DT AR e B 1) 5 L 55 40 B 2 ()
B BEFHMTRME (P<0.05) , HAMH RS H Ak
AEZE (P>0.05) o &GRS S8 Himfim
W3 FREH R B S (MR B T AR A O
PE, X ETRE 5183k % R I R LU R 35 R s A T
W IRy N A 0, 18 Skt PN vh 8 2 A THI R £
R,

®2 X p-ERBENRTMESREAVHM RS REREXMY

Table 2 Correlations between additions of oat -glucan and farinograph parameters of mixed flours

Pearson HH5¢ R
T JER ZH Pearson correlation coefficients
Flours Parameters SR TERE TN I MK % T 7% R () [lEE Sy 94
B-glucan content Water absorption  Dough development time Dough stability time Weakening degree
5 HR W v i B2
PRSI 1 0.998" 0.978" 0.955" -0.930”
f-glucan content
7k % Water absorption 1 0.982" 0.954" -0.922™
PN oD . .
A T4 WL | 0.904 0855
Low-gluten flour Dough development time
T A1 A5 1 1) -
Dough stability time ! -0.989
5516 % Weakening degree 1
HR W R i = . . . xx
PR I 1 0.999 0.948 0.932 -0.962
p-glucan content
. 7k % Water absorption 1 0.949" 0.943" -0.964™
it A e ) . *
Medium-gluten . 1 0.942 -0.877
1 Dough development time
our R
T A1 A I 1] 1 -0.9317
Dough stability time ’
5516 % Weakening degree 1
HR 3 R - . ok * o
PR N 1 0.997 0.973 0.900 -0.981
p-glucan content
7k % Water absorption 1 0.982" 0.914° -0.990™"
= SE TR T 1T B i) . -
High-gluten flour Dough development time ! 0.933 -0.991
T A7 5 B i) -
Dough stability time ! -0.957
5516 % Weakening degree 1
RN I - .
BRI 1 0.997 0.989 0.695 -0.745
f-glucan content
%7K #% Water absorption 1 0.985™ 0.657 -0.698
L A i
Chinese steamed ¢ . 1 0.642 -0.764
bread flour Dough developmgnt time
T R 2 0 X o853’

Dough stability time
940 Weakening degree

E: *0.05 /K CRD  ERFEADE, *40.01 K D EREK.

Note: * significant at 0.05 level, ** significant at 0.01 level.
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S THORY TH 148 30 60 2 90 min &K 5, Xf H A
R TIE, WK 3. IR 3 ATLLE W, Bl & B R ]
PIEEK, LR g nS S, k. i
TR ~ o 9 T A % 7 Sk PR THT 41 7D K A BEL g Ak
R, EHERA R TREES. MR ER
CARGT=E: D

SRS - AR AR L, AR R
B[], R 55 TR 08 Sk R THI (41 7 5 K At B A2
fhiass AR, BIEEA 30 min (4T 1 KR B 1080
i % 60 1190 min T [ £ Kz Ao BEL 386 2K A A3 TR PRI T
A B KR BE AR a3 R 4 5 e ATTAE I BEEE & 30 min
AT (A1 $5e KB BE 738K L B & 60 T 90 min [H] [4] 5% K $
AHBEL A7) s T 5 TR BE % 60 A1 90 miin 1) T [ 5 A fif
BHJ SRR K (4.0%FINEFR4N) . BEK 30 min
149 THT ] i K B A8 BE JT E 0.5% ~ 1.0% 7 i & 1 38 K
2.0%~5.0%AN NI 8/ . SEAREE TR, HesdZ B SEAE

ISR, AR SR (0.5%INInEkRIM
S S FOR A THD AT A ek B P B s o 7 T o P
90 min [ TH ] L B SRR A R FRAR (0.5% N I =B
A, R 30 A1 60 min ¥ TH LM EETE 0.5%~2.0%
IR TF R 4.0%~5.0% I8 INE I . 5 R INFEZE g-
BRI HREEAR LG, 4 Fh Ik b (e fe & Rk B
T 3G N PR AR, 0.5%~1.0%3% i & B2 & 30 min (1]
TR« 0.5%¥8 It (1 BT A v 30 TR ThD A () B A g o
B4, BT ARSI R Re RN (R 3) . ]
(R RLARRE I TR T TR PR 65 e M I, 0 T AT 11 A e it 7%
BRKRIFmN, BAR A R RE W@ AR A R A
A T 54 T 575 P92 RS AR T [ P S Ao 210, (I AE — e A
JEEEA, X B LRI 52 68 s e, IR RER
BT T By R T A (P B B B A v . R B, 0.5%~
1.0% 78 115 i % 48 11 393 T T A R MR B2 1% Sk & F i
IR, 4.0%~5.0%N &2 E K (P<0.05 5§
P<0.01) 4 Ff Ry (1) 2 A

*®3 Ak p-ARENEER R RN

Table 3  Effects of oat f-glucan on extensograph parameters of dough

3 I =Nk il i) FIEAH Ry
il BRI Maxmium stretch resistance/EU Extensibility/mm Tensile energy/cm2
G gl tent/% . . e o o o o
roups f-glucan content/% fiE /% 30 min FEK 60 min BEKR 90 min BEKR 30 min /& 60 min & 90 min BEKR 30 min FEK 60 min & 90 min
0 381+18 554+36 614+40 14849 13949 138+9 81+5 105+7 119+8
0.5 439+29" 532435 545+35" 14649 136+9 13249 9246 10146 101+7"
(T 1.0 496+32"" 552436 593+38 14249 13449 13348 97+6 95+6 1006"
Low-gluten flour 2.0 479423 480+37" 524437 1198 121+8" 119+8" 8146 815" 8616
* Hk Hk Hk * * %k ok
4.0 438421 439437 472426 11247 122+8 1167 7345 7545 7745
* * * Hk * ok ok ok
5.0 44622 462436 514431 1016 1187 1087 7644 7745 7745
0 524+34 520431 632+43 154+10 14249 138410 10947 123+8 12249
0.5 469+30" 537435 64742 15710 152410 144=11 9946 12447 120+8
B TR 1.0 479+31 609+37" 691+45 16110 157£10 13649 10246 113+7 125+8
Medium-gluten
flour 2.0 4584307 630437 67043 170£11" 154+10 13449 1025 119+7 1188
* * * * * *k ok
4.0 422430 551436 628+39 15249 12349 1218 885 8946 967
* * * * * *k *k *
5.0 461430 597436 68342 13148 116+8 1178 855 936 10246
0 561436 67644 70646 15810 154210 15810 12448 13749 1439
05 642+41"  760£49"  791x51" 16311 159410 161£10 143+9" 153£10°  15610"
B TR 1.0 564441 679+44 690+51 156+10 14649 14349 12148 134+8 139+9
High-gluten
flour 2.0 483317 67744 76049 14449 13949 1379" 986" 187" 13749
*k * * * ok *k ok *
40 441432 57344 655+49 136+8 134+8 12248 836 987 1068
* * * ok *k * *
5.0 521434 704=47 778454 129+8 126+8 1137 936 1107 11547
0 477131 58438 61240 14710 12749 129+8 9146 936 10146
0.5 46030 59638 616240 13549 1178 1168 835 926 9116
83k Bk 1.0 465+30 61440 64742 13249 11648 106+8" 81+5" 9246 9246
Chinese steamed
bread flour 2.0 462+19 613+28 653+33 1319 106=7" 97+7"" 70+4™" 8045 845"
*k * *k *k * *k
4.0 461430 61241 65643 11247 10347 90+6 7044 7445 7345
* *k * *k *k * ok
5.0 42129 60640 633241 1077 10647 905 6244 7944 7845

e SXTIHAAL, *0.05 KFERERE, *#0.01 KFEREE.

Note: * significant at 0.05 level between the NC and the other groups, ** significant at 0.01 level between the NC and the other groups.
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Bk A D Fev8 Sk & B Ry (0 T BRI AR R FE 38 BT B A
(P>0.05) , T H 3 Th0 K 1 T 4180 44 0 B DA A
(P>0.05) ; 4 FPTEH (2.0%~4.0%7 N5 A AR 5 1 H
T 4.0%3 I 1) v 5 TR BRRE A0 ) 1) THT 4] Bt e 8
PREFREE . RATE. ZWEMKEHE -1 RN
Inm FEAR TR . S IR (4.0%% N & R B
A0 R 8 Sk BBy R T FE [R] 2B B DR e S p-7 SRME 1 %
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(P>0.05) . TETHN FIRINKZE p-H 50 e 2 3% PR KT
3 B0 e e 2 M B AR B L I R 2 ALY, X ROR,
TEAR TR« HF A TR o A9 DR A% Sk BB AR s

TEEMMEE AR, ANILRETRANI Ry T & 47 4 AN
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W AK T Rt J i o2 T ek Ak 75 K 43, = R TE R
MUKW B BT B SR R B T R R IR 48 68 A TR T
R ZZHE,

TR WK 25, TV B (8] . AR e i 1e) . 594k
KRR Sy REAE . RHEE R BB REFRS
BE e 243 B SRR R 1 S B TR i B A R
Eiebr, ANHBRIEES N LRSS EKE, 810
38 FH R LR e 3 4 v 22 Yl A K [l A=A ) AR Ak 34, AR
TR« RTS8 Sk B R AR A R
1.0%~2.0%- 2.0%~4.0%- 5.0%- 2.0%~4.0%][{#% p-
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Table 4 Effects of oat f-glucan on pasting parameters of mixed flours

P! NE=| 1= ==y E, 2=k
] BTSRRI *ﬁi%t/{mﬁ T PRFFRLE ﬁ?z%ﬁﬁf FEPRE A A= {8 _
Groups f-glucan content /% asting _ Ppak ' Hold ) F_mal Setback Retrogradation
temperature/ C viscosity/(Pa-s) viscosity/(Pa-s) viscosity/(Pa-s) value/(Pa-s) value/(Pa-s)
0 71.90 0.4896 0.3202 0.8889 0.1694 0.5687
0.5 65.79 0.4432 03123 0.8724 0.1509" 0.5801
s T kY 1.0 70.06 0.4801 0.3351 0.8791 0.1450" 0.5040
Low-gluten * * ok
flour 2.0 66.78 0.6238 0.4123 0.9736 02115 0.5613
4.0 72.94 0.6073" 03733 1.1342" 0.2340"" 0.7609""
5.0 76.22 0.4870 0.3202 0.8377 0.1518" 0.5025
0 70.06 0.8491 0.3731 1.9873 0.4760 1.6142
0.5 71.90 0.2086"" 01127 04263 0.0959" 03136
S A 1.0 71.91 0.1686"" 0.0930"" 03381" 0.0756" 0.2451"
Medium-gluten ok ok *ok wok ™
flour 2.0 74.38 0.1742 0.1024 0.3592 0.0718 0.2568
4.0 74.78 0.4046"" 02041 0.8039" 0.2005" 0.5998"
5.0 72.30 0.2086"" 0.1132" 0.4196 0.0954" 03064
0 73.54 0.2764 0.1749 0.6041 0.1015 0.4292
0.5 72.53 02114" 0.1127" 0.4242"" 0.0987 03115
4 ST A 1.0 72.53 0.1676" 0.0933"" 03372"" 0.0743"" 0.2439""
High-gluten ok ok *ok wok ™
four 2.0 74.58 0.1742 0.1024 0.3588 0.0718 0.2564
4.0 74.58 0.4069"" 0.2041° 0.8021" 02028 0.5980"
5.0 72.94 0.2089"" 0.1132" 0.4180" 0.0957 03048
0 74.17 0.4879 02772 1.0322 02107 0.7550
0.5 70.79 0.3694"" 0.2290" 0.7924"" 0.1404"" 0.5634""
i’%%%ﬂzj*ﬁ k% * ok *k ko
Chincse 1.0 7327 0.3685 0.2288 0.7606 0.1397 0.5318
Steaﬂ;]ed bread 2.0 71.61 0.3910" 0.2466 0.8298" 0.1444" 0.5832""
our
4.0 74.16 03503 0.2358 0.7441 0.1145 0.5083
5.0 69.10 0.3290"" 0.2253" 0.6893" 0.1037" 0.4640"

e SXTHAAL, *0.05 KFEREDE, *#0.01 KFPEREE.

Note: * significant at 0.05 level between the NC and the other groups, ** significant at 0.01 level. between the NC and the other groups.
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Appropriate addition of oat #-glucan improving rheological properties of
dough

Pan Lihua'?, Xu Tingting®, Luo Shuizhong', He Yuankang®, Luo Jianping®
(1. School of Food Engineering and Biotechnology, Hefei University of Technology, Hefei 230009, China;
2. Department of Biological and Agricultural Engineering, University of California, Davis 95616, USA)

Abstract: Oat f-glucan, one of the non-starch polysaccharides, consists of long, linear chains of 30% f(1—3) and 70% f
(1—4) linked D-glucopyranosyl residues and has been widely applications due to its outstanding functional and nutritional
properties. One of its most important processing characteristics is the high water holding capacity and viscosity-forming
potential which can be used as thickeners, emulsifiers and stabilizers to improve the texture and flavor in the food industry. In
addition to the function as soluble dietary fibre, oat f-glucan has been associated with lots of other health benefits including
better regulation of blood glucose and insulin levels, lowering of blood cholesterol levels and reducing the risk of heart disease.
The potential use of S-glucans as texture improvers and fibre-enriching agents in bakery products to enhance consistency,
resistance to deformation and elasticity of dough and to increase health benefits of products, has been reported by different
authors. Chinese steamed bread flour and other 3 kinds of flours including low-gluten flour, medium-gluten flour and
high-gluten flour dough that differ in the protein, are popularly used to make the staple food, for example, Chinese steamed
bread, bread, dumpling and cookies, and have been recognized as the most efficient carriers for food special function
strengthening of food to eliminate the deficiency of food functional factors and to meet the demand of  customers. In this
paper, the effects of 0.5%-5.0% of S-glucan from oat on the rheological properties, such as dough farinograph, tensile and
pasting properties, of four different flour doughs formula, including low-gluten flour dough, medium-gluten flour dough,
high-gluten flour dough and Chinese steamed bread flour dough, have been examined. The results showed that the farinograph
water absorption rate of four doughs linearly increased with increasing contents of oat S-glucan. The addition of S-glucan to
the dough formula increased the development time and the stability time and decrease their weakening degree. The addition of
0.5%-2.0% of oat f-glucan enhanced the maximum tensile resistance of four kinds of doughs, whereas 4.0%-5.0% of oat
f-glucan reduced their maximum tensile resistance, extensibility and tensile energy. The addition of oat -glucan decreased the
peak viscosity, the hold viscosity, the final viscosity and the setback value of four kinds of doughs except the low-gluten flour
dough formula with 2.0% or 4.0% of oat f-glucan addition and the high-gluten flour kinds of dough formula with 4.0% of oat
f-glucan addition. The addition of oat S-glucan exhibited a significant decrease in the retrogradation value of all the dough
formula. The addition of oat f-glucan to the dough formula increased the development time, the stability time, the weakening
degree, the extensibility and the pasting temperature of the low-gluten flour dough, exceeding even that of the high-gluten
flour dough. The reason that the change of rheological properties of dough fortified with oat f-glucan may be related to the
high amount of water absorption and swelling of oat f-glucan subsequently forming of a net structure which increased the
formation of hydrophobic interactions and disulfide bonds of gluten and surrounded the starch granules thus lowing the water
the amount of water imbibed by the particles and preventing them from aging, which would help to extend the shelf life of
flour products, such as bread, Chinese steamed bread, dumpling, and so on.

Key words: viscosity; tensile properties; correlation analysis; flour; S-glucan; rheological properties
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