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Effects of Substitution of Wheat Flour by Drought-Resistant Crop Flours on
Pasting Behavior, Property and Quality Changes of Bread During Storage
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ABSTRACT

This study investigated pasting behavior of flour
blends of wheat and drought-resistant crops (DRC),
namely Job’s tears, millet, and chickpea, as well as to
develop a bread product from such flour blends. Wheat
flour was substituted with DRC flours at 3 different levels
(10, 20 and 30% by weight). Regarding pasting behavior,
DRC flour-substituting samples demonstrated reduced
peak, trough, and breakdown viscosities as compared to
the allwheat control (p<0.05). Adding Job’s tears or
chickpea flour resulted in a decrease in pasting
temperature as well as final and setback viscosities as
compared to the control. Meanwhile, milet flour
substitution did not affect such pasting properties. Upon
substituting wheat flour in a bread recipe with DRC flour,
the bread exhibited lower specific loaf volume than the
control (p<0.05). DRC flour substitution was shown to
pose an effect on color of bread crust and crumb.
Pertaining to textural properties, DRC flour addition caused
an increase in hardness and chewiness of either freshly
baked (Day 0) or stored bread samples. On the other
hand, freshly baked DRC flour-containing breads exhibited
lower springiness and cohesiveness than the control.
However, upon storage, springiness and cohesiveness of the
DRC flour-containing breads were similar to those of the
control. Based on monitoring starch retrogradation, it was
found that the breads with DRC flour had lower water-
soluble starch content than the control for which the
content became reducing with increasing substitution level.

Keywords: Drought-resistant crop, Job’s tears, millet,

chickpea, pasting, bread
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Table 1 Pasting properties of wheat flour (control), Job’s tear flour JT 100%), millet flour (ML
100%), chickpea flour (CP 100%), and flour blends substituting wheat flour with either Job’s tear,
millet, or chickpea flour at 10, 20, and 30% levels

Peak Trough Breakdown Setback Pasting
Final viscosity

Sample viscosity viscosity viscosity viscosity temperatur

(cP) (cP) (cP) (<P) (cP) e (°0)
Control 1526.00°£28.28  855.00°+9.90 671.00°+18.38  1873.50°°+26.16  1018.50+16.26  85.63°9+0.04
JT 10% 1303.50°+45.96  772.00%+25.46  531.50°+20.51 1755.50°445.96  983.50%+20.51 84.95%+0.00
JT 20% 1296.50°426.16  790.00°+14.14  506.50°+12.02  1755.50°421.92  965.50°+7.78 83.20°+0.07
JT 30% 1172.00%+8.49  738.50°°+12.02 43350%+354  1721.009+16.97  982.50%+4.95 80.087+0.04
JT100%  1079.50°%23.33  1034.00°+25.46  45.50%+2.12 1395.00+43.84  361.00'+18.38 77.95%+0.64
ML 10%  1375.50°+14.85 814.00°°+14.14  561.50°+0.71 1836.50°+6.36 1022.50°+20.51  86.13°40.53
ML 20%  1298.50°49.19  839.00%+32.53 459.50°+23.23  1912.50°+6.36 1073.50°P+26.16  86.13°+0.60
ML 30%  1191.50°+33.23 778.50%+37.48  413.00°+4.24 1908.50°+64.35  1130.00°+26.87  85.33%+0.60
ML 100%  822.00+19.80  784.00%+2828  36.50°+6.36 1750.00°421.21  964.50°+4.95 87.40°+0.00
CP 10% 1308.50°+19.09  779.00%+14.14  529.50°+33.23  1663.50°+49.5 884.507+19.09 85.25%+0.71
CP 20% 1165.50%+27.58  715.007+21.21 450.50%+6.36 1480.00°+35.36  765.00%+14.14 83.70°+0.57
CP 30% 1069.50°£9.19  695.507+19.09 374.007+9.90 1385.007+31.11 689.50"£12.02 83.23°+0.04
CP 100%  372.00%+5.66 354.00%+7.07 18.00%+1.41 509.50%+4.95 155.50'+2.12 91.85°+0.64

Mean+SD of three replicates

Means in the column with different superscript letters differ significantly at p=0.05.
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n1seuvesRIng1svuNdeuansde Table 2 du
Figure 1 lUSguiigudnuuzUsINguesiieg1auuy
H9 dmduiinmuenudu wulwuailmndedied
Umanruidulndifestu Taoddreglutaefesay
37-40 Tupuwismaiieniianuinvuudmndiegns
famaiueniiinnalAeaiu Inedia1eglugg 0.93-
0.95 \flosnmaineiuendiddldidusviizainy

*Corresponding author e-mail: thanachan.m@gmail.com

=

EDuINRULAL BT LAY aTIINYIVRINENTUI
9115 Aanunsnuastaaluvuadenieg
Wasanidies Wansiadn w3e Wansdignla 3

o w !

lufinadAgsonnuatssvesuuia
dmduauninniseu wudvundegns
AIVANEIANES USHINT wazUSunsiiniguas
fouruntlanniian luvaeifiimdnvestousu
Hadfiga nsidamanianfienundeiinaliaam
g9 U3u195 wazUSumsdumzveshouvuudadien

A1 NUSUIUNANISNALNUNLANTY 9

'adrunalula8neeng auging1mans IWANIaunInende, njuvmamiuas, 10330

Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok 10330



NIansnAluladnisens unninerdeasiy N 17 aduil 1 unsiay - dguieu 2565 19
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dnwnigngunila (viscoelastic) Fatelunsinifiu
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fisinafu ($esar 10-30) Laifinaseninugs Uuins
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ekmedi [19]

Table 2 Moisture content, water activity (a,), and baking quality of freshly-prepared (Day 0) bread

made from wheat flour (control) and those made from flour blends substituting wheat flour with

either Job’s tear, millet, or chickpea flour at 10, 20, and 30% levels

Sample Moisture aw Baking quality
content Loaf height Loaf weight Loaf volume Specific loaf
(%, wet basis) (cm) () (cm?) volume (cm?/g)

Control  39.13™:0.05  0938°“:0.011  860°+0.28 167.98°+3.36 652.50°+24.75 3.89°40.23
JT 10% 36.77°+0.27 0.946™+0.011  8.00™°+0.00  191.10°+3.04  552.50°+45.96 2.89°40.29
JT 20% 38.37°40.32 0.950"£0.001 7.25°+0.35 194.34°+9.52 507.50°+10.61 2.62°40.18
T 30% 39.19%°+0.16 0.948°+0.004 6.35°+0.21 191.30°+2.44 405.00%+7.07 2.12°+0.01
ML 10%  38.34°:0.21 0.950°+0.000  8.05°°+0.35 188.88°+3.20  595.00°°+42.43 3.15°40.17
ML 20%  38.907°°+0.51 0.944°°+0.003  7.75°°+0.35  186.13°+3.47 510.00°£35.36 2.74°+0.24
ML 30% 39.537+0.35 0.949°+0.001 7.25°+0.35 187.95%+4.78 500.00+28.28 2.66°+0.08
CP 10% 38.08%+0.22 0.934°94£0.002  7.35“+0.28 189.66°+2.30 487.50°+3.54 2.57°+0.01
CP20%  38.84°+0.29 0.933°+0.004  7.53°9£032  188.05°+2.41  535.00™+14.14 2.85°+0.11
CP30%  38.24“+0.08 0.927°+0.001  7.75°9£0.00  190.46°+2.25 525.00°+21.21 2.76°+0.08

Mean=SD of three replicates

Means in the column with different superscript letters differ significantly at p=0.05.

*Corresponding author e-mail: thanachan.m@gmail.com

'adrunalula8neeng auging1mans IWANIaunInende, njuvmamiuas, 10330

Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok 10330



N3asmAlulagnisemns wineduagiy TN 17 aduil 1 unsiax - lguiey 2565 20

Control JT 10%

JT 20%

Control ML 10%

CP 10%

Control

CP 20% CP 30%

Figure 1 Appearance of freshly-prepared (Day 0) bread made from wheat flour (control) and those

made from flour blends substituting wheat flour with either Job’s tear, millet, or chickpea flour at

10, 20, and 30% levels
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(Fevaz 22.39) Wlaiivuiuiiadnuazgniies (Fevay
8.43 wag 10.75 auaisv) [21] JeinUfisend
dmaldunnit dnsvantisuiideluresuy
94 (Table 3) Inealunuinnisiunanifiadnd
masia?iﬁaiwuaasuuuﬂammﬁqm Tnglanizognada
M L* o +a* Sdenndosiudnuurusngiivus
Heipuransfiadaiaiiniauns (Fisure 1) lng
nssianansfiadavlfidoluvesunedien L*

al

anas lurauen +a* uag +b* Taniudu Tuvaed
nsiunansaneeeyilnileluvesuundedien L*
2 v a1 a X | A
anauantey wag +b* dAnfiuTu @ -a* @e))
Ldfinsidsundas daunisiuarisadgnlalaid
NAFIARADAT L* wag -a* uwavinliA +b* UeaLile
Turesvundadianiindu Medlaziuliindvenisly
vosunldlasudvsnaandvesingiudumen
Usunaansafiazansunlaaiuisaldidu
v A Q’lj a U s
Aulivansinsmnsinduvesansvluruni loy
Woan1suiinslninsiatuaziindunsiseiuy
senInluianaanseaenusslalasiaunmunus

nylansenFvesieiilaauasiaiilamniiu inn1sdu

luanal waztinlaseasIwuURaNvesanIsNdl
Tassasaildussideunaravanatilananas Figure
2 hanean1sasunlasveslsunuansynazaietn
Iolusregravundaniusnulingamgivesdu
1387 9 TU U TUNRARVUNT (U 0) wunvuuda
gnsmrvauivTutuanisynavateinlasesas
0.145 Feganiniegravundannaununaiidng

'y & A vy & X A &
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% aa a 6 ¥ 1 s
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Wasaagnla (Seway 33-44) [22-24] Tusening
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Table 3 Color of freshly-prepared (Day 0) bread made from wheat flour (control) and those made

from flour blends substituting wheat flour with either Job’s tear, millet, or chickpea flour at 10, 20,

and 30% levels

Bread crust

Bread crumb

Sample
L* a* b* L* a* b*

Control 57.90+1.82  12.98°+0.84  33.58%+0.11 78.51%+0.31 -0.809+0.10 9.51°+0.18
JT 10% 64.74°+0.84 9.12°+0.28 31.11°+0.52 78.61+0.73 -0.709+£0.02 10.09%+0.30
JT 20% 61.68°+0.71  10.60°+0.03  32.69%°+0.99 76.41%°41.99 -0.539£0.01 10.88%9+0.02
JT 30% 59234249  10.89°+0.96  32.78%°+0.29 73.40°+£0.94 -0.669£0.06 11.3340.80
ML 10% 56.80°+1.43  12.80°+0.89  32.31%°+0.74 73.22°41.39 1.79°+0.00 10.01%+0.02
ML 20% 55.48°+1.70  11.49%+136  28.15°+1.03 63.06%+1.17 4.22°+0.78 11.17°40.57
ML 30% 51.719%2.70 12.47°%+1.97 26.82°+1.51 60.62°+1.15 5.21°+0.25 11.33°£0.18
CP 10% 51.03%+1.00 16.79°+0.19 33.09°+1.32 77.72°+0.19 -0.579£0.08 12.60°+0.60
CP 20% 49.49%+159  16.25%+1.36  30.78°+1.20 77.70°+1.16 -0.689+0.04 13.20°+0.20
CP 30% 46.98°+0.47  16.54°+0.18  28.70°+0.49 76.80%°+1.53 -0.35%+0.13 15.62°+0.38

Mean+SD of three replicates

Means in the column with different superscript letters differ significantly at p=0.05.
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Figure 2 Water-soluble starch content of bread made from wheat flour (control) and those made

from flour blends substituting wheat flour with either Job’s tear, millet, or chickpea flour at 10, 20,

and 30% levels during storage at room temperature for 9 days
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Figure 3 Textural properties, i.e., (a) hardness, (b) springiness, (c) cohesiveness, and (d) chewiness,
of bread made from wheat flour (control) and those made from flour blends substituting wheat

flour with either Job’s tear, millet, or chickpea flour at 10, 20, and 30% levels during storage at
room temperature for 9 days
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