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Physicochemical Characteristics of Loaf Bread Added with Waxy
Black Rice Flour by Storage Period
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Abstract

To analyze the quality characteristics of loaf bread added with waxy black rice flour by its storage period,
this study stored loaf bread made of wheat flour added with 10%, 20% 30% and 40% of waxy black rice
flour for 4 days while measwring water activity, pH, chromaticity and texture. The results of the study are
as follows. Based on the results of measurements of water activity of loaf bread added with waxy black rice
flour by storage period, the control group and the groups added with 10% and 20% of waxy black rice flour
showed significantly low water activity from the 3,4 day of storage and the groups added with 30% and 40%
of waxy black rice flour from the 2,4 day of storage. As for pH changes over the storage period, only the
group added with 40% of waxy black rice flour showed significant pH decreases from the 3,4 day of storage
while the control group and the groups added with 10% and 30% of waxy black rice flour showed significant
pH decreases from the 2,4 day of storage. As for the pH of each group of loaf bread by storage days, the
loaf bread added with 40% of waxy black rice flour showed significantly higher pH compared to the control
group. Brightness decreased significantly from the 2nd day of storage and the yellowness from the 34 day
of storage. As for chromaticity changes by storage days, as the amount of added waxy black rice flour
increased, L values and b values decreased while redness values significantly increased. Over the storage
period, hardness, gumminess and chewiness increased and the waxy black rice flour added groups showed
lower increase rates compared to the contrel group. Especially, the groups added with 30% and 40% of waxy
black rice flour showed low hardness changes. Springiness level was decreased as the addition rate of waxy
black rice flour was increased, and the group added with 40% of waxy balck rice flour showed the lowest
springiness level, It also showed lower cohesiveness up to the 3rd day of storage compared to the day of
manufacturing. Therefore, it could be seen that the loaf bread made from wheat flour added with 30% of
waxy black rice flour showed better quality feature until the 3,4 day of storage than the other experimental
groups.
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(Table 1> Formula for loaf bread prepared from wheat flour with different amounts of waxy black rice flour

Addition amount of waxy black rice flour (Baker's %)

Ingredicats Control” Bl B2 B3 B4
Bread flour 100 90 80 70 60
Waxy black rice flour 0 10 20 30 40
Water 60 60 60 60 60
Yeast 4 4 4 4 4
Sugar 6 6 6 6 6
Salt 2 2 2 2 2
Butter 4 4 4 4 4
Skim milk powder 3 3 3 3 3
YControl : 100% of wheat flour

B1~B4 : Wheat flour added with 10, 20, 30, and 40% of waxy black rice flour (relative percent ratio of flour basis)
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{Table 2> Texture analyzer conditions for measuring textural properties of loaf bread with waxy black rice flour

Items Condition
Sample size 30x30x10 mm
Probe ¢ 30 mm diameter sylinder
Load cell 5 kg
Deformation 50%
Pre test speed 1.0 mnys
Test speed 1.0 mmy/s
Post test speed 5 mm/s
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{Table 3> Water activity of loaf bread prepared from wheat flour with different amounts of waxy black rice
flour dwring storage at 22°C for 4 days

DSample Storage days
0 1 2 3 4
Control @95 £0.02 20.94£0.00 %.93+0.01* R0.91 £0.01* ®0.88£0,00
Bl 0.93+0.01 %.93:+0.01 %093 +0.00° *0.924:0.00° R0.88:£0.00
B2 20.94£0.00 %0.93+:0.01 ’50.92+0.01° $0.92 +£0.00" 70.88:£0.01
B3 20.94+0.00 R0.93+0.01 20.92£0.00° 0.92:£0.01 $0.884:0.01
B4 20.94+0.00 €0.94+0.01 0.91 +0.00° %0.91+0.01° 50.88£0.00

“Control : 100% of wheat flour, B1~B4 : Wheat flour added with 10, 20, 30, and 40% of waxy black rice flour (relative
percent ratio of flour basis)
PQ-T : Means with different letters within a row are significantly different at 0=0.05 level as determined by Duncans's
multiple range test.
alues are mean + SD.
Ya~c : Means with different letters within a column are significantly different at 0=0.05 level as determined by Duncans's
multiple range test.
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{Table 4> Change of pH in loaf bread prepared from wheat flour with different amounts of waxy black rice
flour during storage at 22°C for 4 days

DSample Storage days
0 1 2 3 4
Control B5.90:+0.06" ®5.86+0.01° R5.7340.18° $5.52+0.03° $5.52:£0.05°
Bl 9%.04:£0.07° ®s598:+0.01% 55,84 +.0.04" 5576 +0.13* 8571 +0.01°
B2 5.93:+0.08% 5.93+0.09% 5.80+021% 5.80+0.01° 5.79+0.08"
B3 %.01+0.07" ®595+0.06" Rs 86£0.02" 55.69+0.00% $575+0.07"
B4 6.05+0.08" ®6.00+0.05 %.06 +0.08" R85.92+0.02° 55.86+0.01°

YControl : 100% of wheat flour, B1~B4 : Wheat flour added with 10, 20, 30, and 40% of waxy black rice flour (relative
percent ratio of flour basis)
2)Q~T : Means with different letters within a row are significantly different at 0=0.05 level as determined by Duncans's
multiple range test.
alues are mean = S.D.
Ya~¢ : Means with different letters within a column are significantly different at 0=0.05 level as determined by Duncans's
multiple range test.
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{Table 5> Change of Hunter L, a, b values of crumb color in loaf bread prepared from wheat flour with
different amounts of waxy black rice flour during the storage at 22°C for 4 days

”Sample Storage days
0 1 2 3 4
Control | ®66.87+1.017  %9.82+1.06° $60.57 £1.64° 758.01+0.36" 756.12£1.85
B! 952,11 +0.96° 94936+ 1.88" *322£077° ®44.95+0.92° %42.44+236°
L B2 4003+ 1.44° 45.29 4 1.44° $34.17 £2.34° 53253 £2.28° 532,63 +2.43°
B3 ®7.76 £0.81° 37.95+0.79° R37.23 +1.69° £26.90+2.54° 25,68 +1.22
B4 S12.61+1.21° 91.90+1.06° D231+1.36° 920.66+2.96° 1749 £0.76°
Control R2.66+0.22° 5.3.83+£0.14° 2.1.79+0.68° 2.1.45+0.06° Q131035
Bl $2.26+0.36" QY 59£0.26% R4.01£0.94° £339£0.45° R3 82034
a B2 9521 +0.38° ®4.14+0.61° 95734057 % 34£0.79° %.60£0.29°
B3 5.84+0.43° 5.98+0.53" 6.23£0.44% 6.74 043 6.58£0.53°
B4 %9 04 +0.23 R734+1.60° 6.96£0.39° R723£0.12° R 04£024°
Control | %8.08+0.59" 9R.88+0.21° R757£0.50° R759+0.57 ®Re 14+0.30°
Bl *5.90+0.17" 9773+0.22° R6.58+0.71° R6.04£0.09° ®592+023°
b B2 5.65+0.56™ 6.14£0.56° 5.51+0.30° 5522017 5.57+0.30%
B3 Rs18+0.31° 5.6240.13% R5.07£0.16° Rs 50+0.32% R548+0.36™
B4 %624 +0.12° Rs 48 £037° 5485+0.16° 54.96£0.23° 5518 £0.06°

Control : 100% of wheat flour, B1~B4 : Wheat flour added with 10, 20, 30, and 40% of waxy black rice flour (relative

percent ratio of flour basis)

PQ~T : Means with different letters within a row are significantly different at 0=0.05 level as determined by Duncans's

multiple range test.

*Values are mean + S.D.
4)

multiple range test.

a~c : Means with different letters within a column are significantly different at 0=0.05 level as determined by Duncans's
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(Table 6> Change of the texture analysis of loaf bread crumb prepared from wheat flour with different amounts
of waxy black rice flour during storage at 22°C for 4 days

Storage days

1)Sample
0 1 2 3 4
Control | ¥122.47£0.457"  720820+£19.08"  287.90+1895* 330.53+1532" %455.13+14.46"
Bl Y108.40+3.41° 7189274866  %238.07+1649° %276.67+21.24° 9334.90+9.19°
Hardness) gy | V13004238 170674683 226234840°  R2547741238%  ©273.5047.00
(&
B3 122934117 S14547+£727° 5157331524 *19257+13.81°  ©264.00+3.75°
B4 T157.80+4.62° T213.63+1329° ®21630+13.48° £23883+18.48°  291.07+11.92°
Control 0.92+0.01° 0.89+0.00° 0.91+0.02° 0.91+0.01° 0.92+0.01°
Spring | BI 0.8920.01° 0.89+0.02* 0.88+0.01% 0.89+0.01° 0.86+0.05%
iness | B2 0.85+0.01° 0.89+0.02° 0.85+0.01° 0.87+0.02° 0.83£0.05°
(%) B3 0.78 £0.00° *0.80+£0.00° *0.80+0.03° R0.77£0.03° Q0 85+0.02
B4 0.79+0.02 0.74+0.02° 0.75+0.03° 0.77+0.04° 0.76+0.01°
Control 0.59£0.02" 0.58+0.01° 0.57+0.03° 0.54+0.03" 0.59+0.04™
Cohesive| Bl R0.58£0.01” %0.56£0.01° *%0.56+0.02° R50.56£0.02"™ 2.59+£0.01
ness | B2 0.59+0.01* 0.56+0.01° 0.55+0.01% 0.59+0.02° 0.62£0.05
(%) B3 0.57+0.01° 0.56£0.03" 0.56£0.03" 0.58£0.03" 0.57+0.04
B4 0.61+0.02° *50.53+0.02° %0.51+0.02° ’50.53£0.01° ®0.57+0.03
Control | 772.83+2.49" 5119.99+£954* *16349+10.19° *17933+474* 97028+ 1544°
Gummi | Bl Y63.22+2.36" 710535549 S13321+551° R155.18+10.63°  2199.00+9.61°
ness B2 Y66.36+0.82  T101.24+5.26° $512422+5.60°  *15137+8.17° 168371127
(2 B3 760.45+1.14° 581.69+3.514 °8761£217°  *11084+8.13  A50.36+11.05°
B4 %95.83+5.05°  ®112.70£2.65°  ®11095+3.68°  F12641+11.96  216645+1632°
Control | 766.99+2.74° 5107224881  *14796+6.65°  *16244:506"  ©247.66+14.53
Chewi | B! Y56.59+£2.50° T94.06+3.14°  *11747+638°  *13870+979"  ©172.29+16.63"
ness B2 756.29+0.29° %86.85+4.77°  *10536+3.08°  131.17+10.14°  °139.26+£16.55°
(8 B3 154.07£1.06° ST63.41£2.74° $70.03£437 85408970  U27.42+1040°
B4 $76.00 +4.90° R583.00£3.64° R583.64+2.80" ’97.95414.05°  2126.33+13.32°
"Control : 100% of wheat flour, BI ~B4 :

percent ratio of flour basis)
PQ~T : Means with different letters within a row are significantly different at 6=0.05 level as determined by Duncans's

multiple range test.

Values are mean + S.D.
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a~c : Means with different letters within a column are significantly different at 0=0.05 level as determined by Duncans's
multiple range test.
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