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Research Title: Utilization of rice flours and legumes flours in making gluten-free bread
Researcher .Dr. Naphatrapi Luangsakul
Faculty: Faculty of Agro-Industry

ABSTRACT

In the recent years, there has been growing interest in gluten-free bread products. There have been
various ingredients in making gluten-free bread. The objective of this work is to study the characteristics
of the bread made from rice and legume flours substituted to wheat flour in order to screen the rice and
lequme flours which are suitable for further study of making gluten-free bread. Fifteen bread recipes were
prepared with three types of rice flours (Jasmine 105, Pathumthani 1, and Suphanburi ) and five types of
legume flours (Pigeon pea, Cowpea, Red kidney bean, Greengram and Blackgram) substituted to wheat
flour 50% ( /). The ratio of rice and legume flours was 1:1. Bread prepared with Red kidney bean flour
provided the significantly highest specific volume, while bread with Pigeon pea provided the lowest
specific volume. Jasmine 105 rice flour bread resulted in the lowest hardness bread crumb. The effect of
two hydrocolloid  (Hydroxypropylmethylcellulose, HPMC and xanthan gum) and three emulsifier
(Diacetyltartaric and fatty acid esters of glycerol, DATAM, Sodium- stearoyl-2-lactylate ,SSL and
Distilled monoglycerices, DMG) on the quality of the bread was further studied. Xanthan gum provided
the significantly highest specific volume. HPMC resulted in the softest bread crumb. SSL did not make
bread with a bitter taste. The optimum formulation of gluten-free bread make from rice and legume flours
by Response surface methodology, RSM was using Jasmine rice flour 16.97%, Red Kidney bean flour
29.92%, water 80%, xanthan gum 2%, HPMC 0.5% and SSL 0.5% of total weight.

Keywords: Gluten-free, Rice flour, Legume flour, emul ifier
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2.1
(Family) Gramineae ~ (Oryza) 25
2 Oryza sativa
Oryza glabemima
(-, 2549)
80
(Thumrongchote, 2012) 2 (Amylose)
D-glucose (Amylopect ) D-glucose
Oryza sativa L.
(Amylose)
3 (
, 2555)
211 (Low-amylose type)
20
212 (Intermediate-amylose  type)
20-25
? 23 | 60
2.13 (High-amylose type)
25

(Sookdang, 1998)

(Juliano, 1985)
(Jangchud ,



2004; , 2555)
( , 2555)
200 80 mesh
3 (Dry milling)
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(gliadin)
(glutenin)
(Lysine) (Cagampang ,
1966)
2.2
(grain - legume) family Leguminosae  family
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Minosoideae
sub family Papalionaoideae sub - family
Tribe (Polhill- van der Maesen, 1984 Hymowitz ~  ingh, 1987)
20-30
221
(Greengram) (Blackgram) family
Leguminosae, sub-family Papalionoideae tribe Phaseoleae, sub-tribe Phaseolinae
Vigna radiate L. Vigna Ttiungo L.
specie free dipeptide
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free dipeptide Y"glutamylmethionine ( ,2533)



2.1 free dipeptide (a), (b)
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(b) http:/fwww.chemspider.com/ImagesHandler.ashx?id=5373147&w=5008&n=500

2.2.2
(Red kidney hean) Phasecolus vulgaris
L.
“kidney bean” 22 56 13
(Hu ,2002)
( ) (Sathe, 2002)
(protein body) 150-250
avicilin, 3
vicilin, Yvicilin-— legumin
2.2.3
(Pigeon pea) Order Leguminosae
Cajanus cajan (L.) Millsp.
40 22
38

methionine  cystine ( ,2531)
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2.3
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50
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2003)
1980; Xu , 2007)
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23-25 b7 13
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,2533)
( 80
)
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(Eliasson  Larsson, 1993; Lasztity, 1995)
10
30 Hydrophobic
(glutelin)
(Pomerranz, 1988; Don
(MacRitchie,

(,255%)



(A (B) )
Y, Glutenin (A), Gliadin (B) ~ Gluten(C)
- https://bondingwithfood.files.wordpress.com/2012/05/dough-stretch3.jpg w=300&h=204
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(Hydrocolloids) , (hydrophilic)
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solid-like properties (network)
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(Collar , 1998; Barcenas  Rollsell, 2005) xanthan gum 0.5
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Sabanis  Tzia (2011) 1
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]
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]
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Crockett ~ Vodovotz (2015) 3
High methoxy HPMC, Low methoxy HPMC ~ xanthan gum 2,3 5
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311 105 (Jasmine nee; Oryza sativa L)
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3.2
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321
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2 PB3002-L Mettler toledo
4 ML204 Mettler toledo
NFF-16PS Huangpu China
YXD-10A Huangpu China
Minolta CR400 (
Texture analyzer — TA-XT Plus
Scanner  9000F Mark I Canon

scanning electron microscope ~ JSM-5800LV

fermipan
(xanthan gum) Brennteg
(HPMC) Brennteg
(DATAM) Brennteg
-2 (SSL) Brennteg

(DMG) Brennteg
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3.7.2
3.721

15

( )
Van (1992)

2)

3122

45

( 3 ) (AACC, 2000)

2)

20
analyzer P/25
hardness

(Area 2)
cohesiveness

1(Area 1)
3)

20
Digital analysis (

Texture analyzer

22

90
190 20
(Van , 199)
0 )
()
Kieffer dough (A/KIE)
2 (proofing)
( )
0
3
Texture Profile Analysis Texture
5 / 40%
cohesiveness
2
AACC 74-09 method (AACC, 2000)  hardness
0
(Image analysis)
3
scanner
, 2553)
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4)
?
1 3
Texture analyzer hardness cohesiveness
3.71.3
31 3 Factorial in CRD
(3 105 1
) (9
) 3 Analysis ofvariance (ANOVA)
Duncan’s Multiple Range Test %
SPSS Version 16
38
|
3.7

Hydroxypropyl methycellulose (HPMC) ~  xanthan gum
Diacetyl tartaric acid ester of mono and
glycerides (DATEM),Sodium.stearoyl lactylate (SSL)Il - Distilled.monoglyceride (DMG)T
50:50
90 100
3
Control ( )
HPMC 1%
xanthan gum 1%
HPMC1 %+ DATEM 0.5%
HPMC 1%+ DMG 0.5%
HPMC 1% + SSL 0.5%
xanthan gum 1%+ DATEM 0.5%
xanthan gum 1%+ DMG 0.5%
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9. xanthan gum 1%+SSL 0.5%

10. HPMC 1%+ xanthan gum 1% +DATEM 0.5%
11, HPMC 1% +xanthan gum 1% +DMG 0.5%

12. HPMC 1% +xanthan gum 1% +SSL 0.5%

13, HPMC 0.5%+xanthan gum 0.5%+DATEM 0.5%
14, HPMC 0.5%+xanthan gum 0.5%+DMG 0.5%
15. HPMC 0.5%+xanthan gum 0.5%+SSL 0.5%

381
1) 2 (proofing)
( )
2)
!
45
]
( 3 ) (AACC, 2000)
3) ! 0
! I 3
20 ! Texture Profile Analysis Texture analyzer
P/25 5 / 40
hardness  cohesiveness  springiness chewiness AACC
74-09 method (AACC, 2000)
4) (Image analysis)
3
20 scanner
Digital analysis ( , 2553)
382
3.8 3 CRD
Analysis of variance (ANOVA)
Duncan’s Multiple Range Test %

SPSS Version 16
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412
42 105
(2544), (2547)  Chitrakom (2003)
105 1 12-17
26-39 Bibi (2011), Singh
(2006), Akinye (1987),  Moongngram (2013)
20.06-22.26 32.9-35.6
318 20-29 34.85
4.2
( )
105 16.9040.32
1 19.4310.22
38.43+0.48
31.09£0.56
22.73+0.37
36.7620.61
32.50+0.12
28.9610.72
413 (proximate analysis)
43 3.15
105 0.45
1 80.76  80.32
2.54 3 11.57-11.66
6.54
26.89 3
6.28-6.79 3 357.07-359.69

373.55



0.6
0
43 (proximate analysis™
()
(%) (%)
(%)
105 045 80.50 116 1157
1 031 80.76 099 1166
031 80.32 095////1163
211 69.37 211 6.54
251 64.89 18 957
3 62.63 il ANy
261 66.17 241 133
315 60.35 254 107
4.2
42.1

4211
44
4345

105

6.32

6.28
6.79
19.21
2118
2357
2142
26.89

22.23

(Kcal/100g.)
351.72
357.07
359.69
313.55
360.93
357.48
31259
3711.82

29

22.86

(Kcall00g.)
1044
891
8.55
18.99
16.65
13.68
2.23
22.86

105

(%)
0.07
0.12

0.60
0.48
0.7
0.61
0.52
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44 !

105 4345+0.14A  17.84+010G  18.36:0.15B% 18.33:0.12Ba 18.87:0.13B

1 38.2240.13A0  1453+0.1200  16.87+0.11Bb 17.27:0.12B 16.00£0.13®

3191120.12h  1445:0.120)  142310.13¢ 15.14+0.11Bh 15.53:0.128

ABC
(p<0.05)
afic
(p<0.05)
4212 2(proofing)
45 105
2
6
2
35
45 2(proofing)

( )

105 6.00:0.04&  550:0.10B0  5.17+0.05B 350:0.020x 4.00:0.03@
1 5.50:0.03A4  550:0.02A&  550:001A4 3500.02G  4.00:0.03B

5300024  550+0.024  530:0.03B 350:0011 4.00:0.02G

(p<0.05)
abe’
(p<0.05)
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422
4221 ]
4.6
105 , 260 3
114 3 105
Pongjaruvatim ~ (2014) 105 1520
30
46 (3 )

! 269:0.02A  213:0020  211+0.04G  118:0.02&  15240.03x
1 2661003/ 21240028 2.09:0.01®  1.15+0.02B ~ 152:0.02D»

2.6410.024 21010028 2.06:0.03C¢  114:0.01F = 1.1940.020:
ABC
(p<0.05)
doe
(p<0.05)
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4222

1) Hardness

4.7
105 hardness
' 105  hardness

Sanbanis  -Tzia (2011)
hardness
hardness

47  hardness 0

Hardness ()

15 986.35t10.12kc  1607.40£10.210x  1863.60:10.11G 2322.90+11.23A 2018.81+10.00B
1 1367.60+10.0000 ~ 1718.31£11.000  2275.60£10.00A 2264.2212.01A 2148.81+10.008)
101543£10.00B  1998.62£11.00G  1904.81+12.10°  2158.62£12.01A  2199.61+10.02R:

ABC
(p<0.05)

(p<0.05)
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48  Cohesiveness 0

Formulation cohesiveness

105 0.937+0.04A 0.553+0.100n  0.567£0.05G 0.487+0.02& 0.6370.03B
1 0.657+0.03A 0.583:0.020y  0.5530.01Dy 0447+0.02B 0.6270.03B
0.727:0.024  0.523+0.020x  0.537£0.03C 0.437:0.01 0.626+0.028

AlU
(p<0.05)
abe’
(<0.05)
2)  Cohesiveness
cohesiveness|
cohesiveness
2 48
105 cohesiveness
4223 (Image analysis)
49 '
3
55.16-577.16 6258-65.33 | .

405.75-416.33
45754716 | .
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555.16+0.134
577.16:0.]3A
560.16:+0.144
364.66:0.1302

339.66+0.11(
382.830.12/84

351.33+0.15G
327.91:0.13Dx
357.16+0.12Gx
41541+0.130
416.33+0.11B
405.75+0.028

3095.83£0.15BCh
370.00£0.13Cx

422.4110.128:

(Image analysis)

L
62.56:0.04A
65.33+0.015
64.33+0.04/
41,08£0.03Cx
38.41+0.02@x
43.16+0.04B3
39.83+0.05G
37.08+0.030
40.41+0.02G:
46.83:0.03B:
47.16£0.028
45.75+0.04B

44.75£0.05B20
41.91+0.03Cc
47.83+0.026

0.52£0.060x
0.460.05B
0.51£0.020x
0.80£0.05B:
0.77£0.02B3
0.7520.028
0.740.058
0810018
0.75£0.028)
0.65+0.05()
0.65£0.0200
0.71£0.02B3
0.6920.05G
0.7240.01Gx
0.63£0.02ah

0.74£0.04Gx
0.73:0.01@
0.75+0.040h
1.26+0.036
1.32+0.05B:
1.30+0.058!
1.19+0.0582
1.45+0.038
1.3240.028
0.99+0.03ch
1.04£0.050
1.16+0.05B3
1.1920.058
1.30+0.03B:
0.97£0.02¢

(n<0.05)

()
0.70£0.03Ca
0.65+0.03b
0.69£0.040x
0.83+0.03h
0.81£0.0382
0.80£0.028:
0.79£0.05B3
0.82£0.038:
0.79£0.02B:
0.76£0.03Gx
0.76£0.030x
0.7820.0283
0.78£0.05Gx
0.79£0.03Gx
0.75£0.02Ga

33.36£0.04B:
31.53+0.0261
33.84+0.0260
33.5310.028:
30.63+0.03B
33.2140.04B3
30.24+0.05G:
31.15£0.03B
31.37+0.02Gx
31.74+0.02B3
31.87+0.03%
33.21+0.04Gx
32.02+0.056
31.89+0.03x
30.86+0.02G:
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cohesiveness '
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cohesiveness
3
]
cohesiveness

42  Hardness

5

42, 43

hardness

0,13 5 hardness
hardness 00 6 66
hardness
44
hardness
4546 AT
cohesiveness
105

3



44 Hardness

45  Cohesiveness

46  Cohesiveness

5

5

5

105
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4.7 Cohesiveness
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4.8-4.10

5

37



3

410 () ()

&z a ¥ o o ¥ - = & 1 ¥ o £ L83 14
wnanstiluenasnanulidmsunisidnuiens@nwirindy ldeugnlviluldusslemisunisen

Lidnsdllag vy BnnsiudlidauUaaiion uazdaadnddsivesenarsnnassiinisunluly



hardness

43
431

HPMC

HPMC
0.5

proofing
105

105 ,
5 hardness

xanthan gum

39

105



Control

HPMC 1%+DATEM 0.5%

xanthan gum 1%+DATEM 0.5%

HPMC 1%+xanthan gum
1%+DATEM 0.5%

HPMC 0.5%+xanthan gum
0.5%+DATEMO0.5%

411

HPMC 1%

HPMC 1%+DMG 0.5%

xanthan gum 1%+DMG 0.5%

HPMC 1%+xanthan gum 1%
+DMG 0.5%

HPMC 0.5%+xanthan gum
0.5%+DMG 0.5%

xanthan gum 1%

HPMC 1%+SSL 0.5%

xanthan gum 1%+SSL 0.5%

HPMC 1%+xanthan gum 1%
+SSL 0.5%

HPMC 0.5%+xanthan gum
0.5%+SSL 0.5%



432 2(proofing)
4.10 xanthan gum
2 (proofing®
2 xanthan gum
4.10 2(proofmg)
Proofing (
Control 3.5660.057¢
HPMC 1% 3.516+0.028°
xanthan gum 1% 4,9330.057a
HPMC 1%+DATEM 0.5% 4,003+0.005"
HPMC 1%+DMG 0.5% 4,006+0.01 1d
HPMC 1%+SSL 0.5% 4.010+0.017"
xanthan gum 1%+DATEM 0.5% 4,996+0.0053
xanthan gum 1%+DMG 0.5% 4993+0.0L1a
xanthan gum 1%+SSL 0.5% 4.996+0.0053
HPMC 1%+xanthan gum 1% +DATEM 0.5% 4.833+0.0577
HPMC 1% +xanthan gum 1% +DMG 0.5% 4.866+0.0577
HPMC 1% +xanthan gum 1% +SSL 0.5% 4.433+0.057°
HPMC 0.5%+xanthan gum 0.5%+DATEM 0.5% 4.006+0.005"
HPMC 0.5%+xanthan gum 0.5%+DMG 0.5% 4.006+0.001d
HPMC 0.5%+xanthan gum 0.5%+SSL 0.5% 4.016+0.007d

41

HPMC

(p<0.05)



433

411
xanthan gum

xanthan gum 1 0.5

411 (3 )
Formulation

Control

HPMC 1%

Xanthan gum 1%

HPMC 1%+DATEM 0.5%

HPMC 1%+DMG 0.5%

HPMC 1%+SSL 0.5%

xanthan gum 1%+DATEM 0.5%

xanthan gum 1%+DMG 0.5%

xanthan gum 1%+SSL 0.5%

HPMC 1%+xanthan gum 1% +DATEM 0.5%
HPMC 1% +xanthan gum 1% +DMG 0.5%
HPMC 1% +xanthan gum 1% +SSL 0.5%
HPMC 0.5%+xanthan gum 0.5%+DATEM 0.5%
HPMC 0.5%+xanthan gum 0.5%+DMG 0.5%

HPMC 0.5%+xanthan gum 0.5%+SSL 0.5%
afc

xantham gum

(3 )
1116400024

1.1160.003d
1.17620.0044b
1.136+0.003°
1.130+0.001°
1.133+0.002°
1.180+0.0013
1.170+0.003"
1.176+0.00iab
1.180+0.0023
1.170£0.003p
1.176+0.001 b
1.130+0.003°
1.130+0.001°

1.131+0.002°
(p<0.05)

42



434

hardness
springiness

DATEM
cohesiveness

412

hardness

HPMC

hardness

xanthan gum

43

2 HPMC  xanthan gum

HPMC* 05 !
xanthangum 1 05
0



4.12
Texture
formulation A
Control

HPMC 1%

xanthan gum 1%

HPMC 1%+DATEM 0.5%
HPMC 1%+DMG 0.5%
HPMC 1%+SSL 0.5%

xanthan gum 1%+DATEM
0.5%
xanthan gum 1%+DMG 0.5%

xanthan gum 1%+SSL 0.5%

HPMC 1% +xanthan gum 1%
+DMG 0.5%
HPMC 0.5%+xanthan gum
0.5%+DATEM 0.5%
HPMC 0.5%+xanthan gum
0.5%+DMG0.5%
HPMC 0.5%+xanthan gum
0.5%+SSL 0.5%

&

i

0

Hardness Springiness Cohesiveness Chewiness
66410121312 07367+0003%%  03000+0003%  160950+101.12°
43300265420 07200+0000% 0400040004 1373734112.00°
6050430417 0876T:0001° 0523340002 270458+122.14°
062350418752 07267+0003% 0340040001 678.60+6720"
J0T00L42S  07LH000™ 03u00+0008 7233800277

f f

335743417000 0/6867+0004°  0.3667+0.002° 7886148209

3980008+20036° 0816740008 0.400040004°  1431.264132.60%

5530033403323 0853340004 05433:000% 240069415422

55507.34+241.12°  0.8667+0003"  05533+0.003°  2780.714133.09°
5506.03+21152° 0873040001 0.4997+0.008%  2400.23+142.19"

d

16238004231.12% 0730040003

04053+0002"  137052+151.48°

4666.069+245.14d 0.7723+0.001bed O.4213+0.001d 1522.94+142.74"

4532.1010+251.02d 0.8023+0.003abc 0.4203+0.002d 1526.71+122.18"

(p<0.05)



45

435 (Image analysis)
413 xanthangum  HPMC 1
xanthan gum 1 + DMG 05 ,

HPMC 1 +xanthangum 1 + 55L0.5 , HPMC 0.5
+xanthan.gum 0.5 +DMG 0.5 HPMC 0.5 +xanthan gum 0.5

+SSL 05

HPMC 0.5 -fxanthan gum 0.5

+SSL 05

HPMC 1



413

Control

HPMC 1%

xanthan gum 1%

HPMC 1%+DATEM 0.5%

HPMC 1%+DMG 0.5%

HPMC1%+SSL 0.5%

xanthan gumI%+DATEM 0.5%

xanthan gumI%+DMG 0.5%

xanthan gum 1%+SSL 0.5%

HPMC %+xanthan guml|% +DATEM 0.5%

264.33+2.006bc
294.3345.176a
283.333+3,0064
223,643,176
251.3342,036(
252.33¢4.176¢
23,6644, 215f
271,332,136

217.0044,013g
236.00¢5.246e

130.33£3.01%
133.00£3.074a
128.33+4.036a
101.00+4.076d
113.33£3,021t¢
114.00+4.176bc
105.6745.276G1
122.67+4.0158
98.00+4.072d

106.67+3.076C1

0.088+0.003°
0.109:0.002hc
0.098+0.001C
0.095£0.001C
0.0910.002C
0.088£0.003C
0.1150.002

0.083£0.003C

0.104+0.002tc
0.104+0.001kc

0.1000.00

0.131+0.003a
0.1160.002a
0.110£0.003a
0.128+0.00ia
0.0960.002a
0.119+0.00ia
0.147+0.003a
0.133£0.00ia
0.1360.002a

()
0.297+0.0022

0.327+0.002a
0.307£0.003a
0.310£0.002a
0.297£0.003

0.2980.002a
0.337£0.003a
0.285+0.00ia
0.321£0.002a
0.318+0.00ia

11.75£0.1134b
14.98+0.120a
12.99£0.1254b
10.31+0.110

10.7520.160n
1049+0.133

12.69:0.124h
10.2240.123h
10.51+0.110n
11.44+0.111a0



HPMC1% +xanthan gumI% +DMG 0.5%
HPMC1% +xanthan gumI% +SSL 0.5%
HPMCO.5+xanthan gum0.5%+DATEMO0.5%
HPMCO0.5+xanthan gum 0.5%+DMG0.5%
HPMCO0.5+xanthan gum0.5%+SSL0.5%

252.0044.076d
256.0042.026

217.07+3.0138
217.004.015S
217.333.0238

113.67+2.036hc
115.67+4.022c
101.00+3.176d
102.00+2.074d
106.333.006

0.090+0.002°
0.100£0.001C
0.104+0.001kc
0.1790.001h
0.299:0.00ia

(p<0.05)

0.125+0.00ia
0.135£0.0023
0.119+0.002a
0.133+0.00ia
0.131x0.002a

()
0.295+0.0023

0.311+0.00ia
0.304+0.00ia
0.31140.002a
0.318+0.0013

10.7920.110b
11.91+0.1044b
10.50£0.120b
9.6740.1600
10.50+0.113



436
412

xanthan gum 0.5

HPMC

1

xanthan gum
xanthan gum

412

xanthan gum

HPMC 05

48



HPMC 1%+xanthan gum 1% HPMC 1%+xanthan gum 1%
+DATEM 0.5% +DMG 0.5%
HPMC 0.5%+xanthan gum HPMC 0.5%+xanthan gum
0.5%+DATEM 0.5% 0.5%+DMG 0.5%

412

HPMC 1%+xanthan gum 1%
+SSL 0.5%

HPMC 0.5%+xanthan gum
0.5%+SSL 0.5%

49



springiness
hardness

DATEM DMG
2

xanthan gum
SSL 05

50

xanthan gum

xanthan gum hardness
xanthangum ~ HPMC

DATEM hardness

HPMC 05
(Response Surface Methodology; RSM)



44 3.7
38
Methodology ; RSM)

(Response Surface Methodology ; RSM)
1 hardness

4.14
lack of fit
(Coefficient, R2
4.15

441
1411 I
(<0.05)

(p<0.05)
4412  hardness
hardness

(p<0.05) 4.4

ol

(Response Surface

box-behnken

(model)

0.71-0.88

414 413

(p<0.02)
hardness
414



414
Source

Model
A-Legume
B-Rice
C-Water
D-Hydrocolloid
AB

AC

AD

BC

BD

CD

A2

B2

Lack of Fit
R2

F VALUE
Specific volume ~ Hardness

2.56* 46,03
0.067 35.52*
0.28 119.21*
132 2163
2.40 174
145

0.63

351

156

0.15

0.95

9.30*
18.12*

127

186

0.33r 2.14"
0.7187 0.8847

Significant at (p<0.05). **Significant at (p<0.01). rsNot significant

415

Y= 1.68-0.03*A+0.065* B-0.14*C+0.19 *D-0.25*A*B+0.17*A*C
-0.39 *A*D+0.26 *B*C+0.080 *B*D+0.20*C * D-0.50*A2-

0.70* B2-0.19 *C2-0.22*D2
hardness 0 Y =437253+1904.05*A+3488.01*B-1679.10*C+421.35*D

A
C

B
D

52

R2
0.7187

0.8847



specific volume Specific volume
137791

sadamt jo 934371

A legume

A" legume
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5

4.1.2
4.16
hardness 0
(Optimization®
23.67 10
80 2
(Desirability)  0.817 1.00-0.80
417
4.16
Response variable Optimization of drying condition
Goal Lower ~ Upper — Weight Predicted Desirahility
Responses
Specific volume maximize 0 2419 1 10822 0821
Harcness minimize 161901 11747 1 2266.95 0.984
411

Legume Rice  Water Hydrocolloid ~ Specific volume - Hardness - Desirability
1000 2367  80.00 2.00 1.084 227311 0.817



56

5
105 proofing
105
hardness
105
5 hardness
xanthan gum
2 xanthan - gum
hardness springiness xanthan gum  HPMC
hardness
DATEM
hardness
DATEM  DMG
(Response
Surface  Methodology, RSM*”
105 23.67 10 80

xanthan gum 2 HPMC 05 SSL 0.5
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11
(ethyl
1
15

10

20

2.2

(ethyl alcohol)
1

(acetic acid)

20

(Juliano, 1971)

alcohol)
9

9

M, M, =

(amylose from potato)
1

100
1234 5

(acetic acid)
15

(816243

100 (

1

100

40
(sodium  hydroxide)
10
100
100
1 02040608
2
100
620
40)
)
(sodium  hydroxide)
10
100
100
100
620



2 (Proximate analysis)

2.1 (AOAC, 2000)
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22 Kjeldahl (AOAC, 2000)
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2.3 xlet (AOAC, 2000)
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2.4 (AOAC, 2000)

- - (%)
25 (AOAC, 2000)
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Abstract

Bakery products has been originated and consumed as staple food in the western, however,
nowadays, it is popular and well-known throughout the world. Wheat is traditionally used as
the main ingredient for making hakery products. It has a lot of functionality relevant to the
quality of bakery products, such as, appearance and so on, depending on the types of product
(bread, cake, etc.). In Asian country including Thailand, wheat is imported from abroad. This
causes a great economic loss each year. In addition, the gluten-intolerance issue, which is
the disorders in which gluten has acverse effect on consumer’s body, is more prevalence.
Therefore, the substitution of wheat flour with other flours (gluten-free) that are cultivated in
Thailand is the interesting perspective. Rice and some legume flours are chosen. This
research is aimed to study the effect of rice and legume flours substitution to wheat flour at
50% ( /) substitution levels on qualities of bread. Fifteen bread recipes were prepared with
three types of rice flours (Jasmin 105, Pathumthani 1, and Supanburi) and five types of
legume flours (pigeon pea, cowpea, red kidney bean, green gram and black gram) substituted
to wheat flour 50%. The ratio of rice and legume flours was 1:1. The results showed bread
prepared with red kidney hean flour provided the significantly highest specific volume
(p<0.05) and the best loaf shape. Moreover, red kidney bean flour bread showed the
significantly highest lightness bread crumb while the bread containing cowpea flour had the
darkest crumb. The bread prepared with green gram flours provide the significantly lowest
hardness values (p<0.05). Breads made with cowpea flour tended to show the
significantly-higher cohesiveness value (p<0.05) than breads made with the other legume
flours. Jasmin 105 rice flour bread resulted in the softest bread crumb at 0 day and during
storage.

Keywords: Rice flour, Legume flour, Gluten-free, Gluten-intolerance, Wheat flour

1. Introduction
There is increasing interest in gluten-free products as the prevalence of celiac disease is
increasing.  The prevalence is estimated to be 1-2% of the world population (Gallagher et al.,
2004). Celiac disease is an intolerance to certain amino sequences found in the prolamin
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fraction. These kind of prolamins damage the mucosa of small intestine leading to
mal-absorption of some nutrients. The only effective therapy for these patients is a strictly
lifelong adherence to gluten-free diets.

Gluten composes of gliadin (prolamin) and glutenin. When these molecules are joined
together due to a chemical reaction, they stretch and harden, allowing dough to form a light,
airy loafwith a chewy texture.  As a result, these proteins are commonly found in flour and
other bakery products such as wheat, rye and barley. Therefore, regarding the development of
gluten-free products, especially bread, it is an challenging issue needing the intensive
scientific study to create the acceptable gluten-free products. In recent years there have been
significantly various researches on gluten-free bread, involving a diverse approach of
different gluten-free ingredients in making gluten-free bread. Phimolsiripol et al. (2012)
reported that the Jasmine rice flour yielded better bread quality with higher loaf volume and
softer crumb texture compared to the high amylose rice flour. Minarro et al. (2012) studied
the characteristics of bread recipes prepared with chickpea, carob germ and soya flour.
Chickpea bread obtained the highest specific volume and also showed the softness bread
crumb. Rice and legumes are the agricultural products that cultivated a lot in Thailand.

Rice contains the main constituent of carbohydrate. Legume is high in protein. Therefore, the
application of rice and lequmes in making gluten-free bread is the interesting perspective.
Therefore, the objectives of this study were to study the characteristics of the bread made
from rice and legume flours substituted to wheat flour in order to screen the types of rice and
legume flours that are suitable for further study of making gluten-free bread.

2. Materials and Methods
2.1 Materials
Rice used in this study were 3 different types: Jasmin 105 (amylose content 16.90%),
Pathumthani 1 (amylose content 19.43%) and Supanburi (amylose content 38.69%). Legume
used in this study were 5 different types: red kidney bean (amylose content 21.09%), green
gram (amylose content 22.73%), black gram (amylose content 16.76%), cowpea (amylose
content 18.96%) and pigeon pea (amylose content 22.50%)

2.2 Preparation of Flours

The preparation of rice flour, rice is pulverized to powder with hammer mill and pin mill
machine to the particle size less than 0.25 mm. The preparation of legume flour, first: soak
the legume in the water then peel the skin off and do the drying-up then pulverize to
powder to the particle size less than 0.25 mm.
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2.3 Breadmaking Procedure

Each 25% of rice and legume flours and 50% wheat flour were used in the study. Other
ingredients for breadmaking is shown in Table 1 The 100% of wheat flour was used as the
control. All the ingredients were mixed in a mixer (local type. Kittiwattana, 10 quartz) at low
speed 4 min, medium speed 15 min and high speed 1 min. The mixed dough was then
fermented in a fermenter at 30 °c and 85% RH  for 90 min. After the time was reached at
60 min, the dough was punched during this fermentation to expel the air. After the whole
fermention was finished, the dough was divided into 7 portion (185g/ portion), then rounded,
benched for 15 min at room temperature and moulded into loaf shapes. The dough pieces
were placed in baking pan and then let them proofed in a proofer, controlled at 37 °c and
85% RH for 90 min. Baking was carried out at 190 °c for 20 min. And then, the baked bread
was allowed to cool for 45 minutes at room temperature. After cooling two loaves were
examined for the properties of fresh bread (day 0) while the other loaves were sealed in
polyethylene bags and stored at room temperature until the examination of the texture profile
at the 1¢; 3rdand 5thday of storage.

Table | Ingredients used in.bread formulation

Ingredients Amount
feyi0Og
Wheat flour by
Rice flour 25
Legume flour 25
Yeast 14
Salt 15
Sugar 0
water 03
Shortening 5

2.4 Bread Properties Evaluation

2.4.1 Bread Specific Volume

Bread specific volume was evaluated after cooling for 45 min. The average specific volume
(cm3g) was calculated from the loaf volume to loaf weight ratio. The bread volume was
determined by black sesame seed displacement method. (AACC, 2000)

2.4.2 Crumb Colour Analysis

Crumb colour was examined by using a spectrophotometer (Minolta CR400, Japan) by
evaluating lightness = L* (0=black, 100=white). Crumb colour was taken from three
equidistant points to the center of the bread slice (Pongjaruvat et al., 2014).
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2.4.3 Texture Profile Analysis

Texture profile analysis was performed on breadcrumb samples using a Texture analyzer
TA-XT plus (Stable Micro system Ltd., Surry UK). The samples were cut into each slice
having thickness of 20 mm. The bread slice was compressed up to 40% of its original height,
a crosshead speed of 1 mm/s with a cylindrical stainless steel probe (diameter 25 mm).
Parameters studied were hardness and cohesiveness (AACC International, 2000).

244 Image
Image of slices were capture using a flatoed scanner (Scanner CANON 9000F Mark I,
Japan). One slices of thickness were cut into 20 mm. from the center ofthe loaf.

2.4.5 Shelf-life Analysis

The loaves were sealed in polyethylene bags and stored at room temperature until examined.
The shelf-life of bread was studied by focusing on breadcrumb hardness performed by
Texture analyzer (TA-XT plus) during storage time of 0, 1,3 and 5 day.

2.4.6 Statistical Analysis

The test was done i three replicates. Analysis of variance (ANOVA) was performed to
determine whether there was significant difference within bread made from rice flours
(Jasmin 105, Pathumthani 1, and Supanburi) and within bread made from legume flours
(pigeon pea, cowpea, red kidney bean, green gram and black gram) (p< 0.05) separately.
Variable means were compared by Duncan’s multiple comparison test by using the
commercial SPSS ver.11.5 (SPSS Inc., Chicago. IL) computer program.3

3. Results and Discussion

3.1 Bread Specific Volume

Table 2 presents the breads prepared with red kidney bean provided the significantly highest
specific volume values, while black gram bread with any types of rice flour showed the
significantly lowest specific volume values. Breads made with Jasmin rice flour tended to
show the significantly higher specific volume than breads made with the other rice flour
studied. The Jasmine 105 rice flour with intermediate amylose content, i.e.-15-20%, was
selected as preliminary breadmaking test showed that jasmine flour yielded better bread
quality with higher loaf volume compare to the common rice flour with higher amylose
content, i.. -30%. This results agreed with the study of Pongjaruvat et al. (2004).
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Table 2 The effect of types of lice and legume flours on bread specific volume.

\ A Legumes Red kidney bean Green gram Black gram  Pigeonpea  Cowpea
N (carlg) Senrg) (c.llSg) (cm3g) (0ip/g)
ices

Jasmin 105 2.61=0.04G 2.58=0.1<F  1.71£0.05"  2.20:0.0285 2.23=0.03%
Pathumtani 1 2.56=0.030x 2.32=6.02C 1,66=0.01"  21Gx0.Q2B '2.13tQ.03E
Supanburt 2.58=0.026* 2.21+0.020x  1.57=0.03"  2.20:0.018-  2.09+0.020)

Vtaldue?jvlwth dlffferentle ttersofA. B, CrD and E shownmthe same roware significantly difEeifi+(7<0.05)bet0T&eiithetypes of
studied legume flour

Values with different letters, of a. b- ¢.shown Hithe same column are sipnficantly different (p< 0.05) between tile types of
studied nee flour.

3.2 Crumb Colour Analysis

From Fig 1 it shows the lightness of bread crumb made from different types of rice and
lequme flours. The highest values of L* (lightness) of the crumb was obtained from the bread
mixed with red kidney bean flour and was also more lightness of bread crumb than the
control. The breads containing cowpea flours have the darkest bread crumb. Concerning the
different types of rice with counter path of legume flour, they showed no significant
differences of most samples. This may be caused by the color of red kidney bean flour which
is lighter than the other flours. Consequently, its bread crumb was performed the lighter color.
Silva et al, (2009) reported that colour of raw material related to finished product and colour
ofbread crumb was important for consumer acceptance.

$® '$$?”<E#
po

—ﬁ$ vl

E xRyt
L s
A&
(M

1AMl - g n

Fig 1 The effect of types oflice and legume flour on crumb L* color of bread

7 =Jasmin 105. mu = PathumthaniL »  =Supanbuii. = Control)
Values with different letters of A. B, ¢, D shown the significantly different (p<0.05)
between the types of studied legume flour.

Values with different letters of a, b. ¢ shown the significantly different (p<0.05)
between the types of studied rice flour.
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3.3 Texture Profile Analysis

3.3.1 Bread Hardness

Fig 2 shows the bread hardness of different types of rice and legume flours. It was found that
the bread prepared with green gram flour provided the significantly lowest hardness values.
The significantly highest values of hardness was obtained from in black gram bread.
Jasmine 105 rice bread tended to show softer breadcrumb than the other rice breads. Sanbanis
and Tzia (2011) reported the specific volume value related to hardness value thus bread
provided low specific volume relating to an effect on high crumb hardness.

MMSH

F» 1*
we T M ke

0 —Oi*r jEorgm
B *H IA mam

Pit \

¢ Qo

control — ! * ®Hear

ig,2 The effects of sypes of rice and legume flours on hread hardness

F
(L—J= Jasmin 105, 19 = Pathunithaml. = panburi, m - = Control)
Values with different letters of A, B, ¢, D shown the significantly different (p<0.05)
~ between the types of studied legume flour.
Values with different letters of a, b, ¢ shown the significantly different (p< 0.05)
between, the types of studied rice flour.

3.3.2 Bread Cohesiveness

Breads made with cowpea flour tended to show the significantly higher cohesiveness value
than breads made with the other legume studied. In addition, bread made with black gram
gave lower cohesiveness value when compared to the other legume flours (Fig 3).
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Fig 3 The effects of ofnee and legume flours QQbread cohesiveness

= Jasmin- 105, Pathnmthami, ES =Supanbun. 11 = Control)
Values with different letters of A, B. C. D shown the significantly different (p< 0.05)
between the types of studied, legume flour.
Values with different letters ofa, b, ¢ shown the significantly different (p< 0.05)
between the types of studied rice Hour.

3.4 Shelf-life Analysis

The change in breadcrumb hardness during 0, 1, 3 and 5 day Storage shows in All the breads
studied exhibited the hardness higher than the control bread. Figs4 (3, and
¢). During storage times, all bread showed increasing in hardness. The Jasmin 105 rice breads
(Fig 4 () prepared with black gram showed the significantly highest hardness values during
storage. The Jasmine rice breads prepared with green gram and red kidney bean implicited
lower hardness value than the black gram bread. Among Pathumthani 1rice breads (Fig 4 (b))
prepared with black gram showed the significantly highest hardness values, showing the
same result as breads with jasmine rice (Fig 4 (a)). Pathumthani 1 rice breads prepared with
green gram provided the significantly lowest hardness values during storage. Fig 4 (c) shows
hardness change of Supanburi rice breads, the breads with pigeon pea flour gave the highest
hardness value. Green gram bread provided the softest breadcrumb during the storage.
Supanburi rice breads were prone to show the higher hardness of breadcrumb than the breads
made from the other two of rices. This may be caused by the higher amylose content of
Supanburi rice (38.69 %)
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Fig 4 Shelf-life of bread crumb hardness made from Jasmine 105 (a), Pathunthanil (b) Supanburi (c)
(0=red kidney bean: G=green gram. A=black gram: x=pigeon pea, *= cowpea, o=control)
3.5 Image
Overall figures (Fig 5, 6 and 7) show the bread made from red kidney bean implicit the
highest and symmetry loaf volume and finer cell crumb while bread with black gram shows
the most inferior volume and shape and more coarse crumb cell.

Fig 5 Bread made from Jasmin 105 rice flour with five types of legume flours
(a=Red kidney bean, b=Green gram, c=Black gram, d=Pigeon pea, e= Cowpea)

5%



Fig 7Bread made from Supanburi rice flour with five types of legume flours
(a=Red kidney bean, =Green gram, c=Bladt gram, d=Pigeon pea, e= Cowpea)

4, Conclusion
The results showed bread prepared with red kidney bean flour provided the significantly
highest specific volume {p<0.05) the best loaf shape and superior cell crumb. Moreover, red
kidney bean flour bread showed the significantly highest lightness bread crumb while the
bread containing cowpea flour had the darkest crumb. The bread prepared with green gram
flours provide the significantly-lowest hardness values (p<0.05). Breads made with cowpea
flour tended to show the significantly higher cohesiveness value (p<0.05) than breads made
with the other legume flours, while black gram bread gave the lower cohesiveness than the
other breads. Jasmine 105 rice flour bread resulted in the softest bread crumb at 0 day and
during storage. Therefore, in conclusion, Jasmine 105 rice flour was prone to be selected
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for further study to making gluten-free bread. Red kidney bean and green gram flour  were
preferred than the other studied legume flour.
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