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Abstract

The antioxidant activity and quality characteristics of bread made from waxy black rice flour(WBRF)
and green tea powder were investigated. The bread was manufactured with 1% of green tea powder
and 10, 20, 30 or 40% of WBRF(w/w). The group of 40% of WBRF and green tea powder significantly
showed the highest bread weight and volume. Lightness(L value) and yellowness(b value) decreased, but
redness(a value) increased with increasing WBRF contents in mixture. Hardness, gumminess and
chewiness were the lowest in the control group, but springiness was the lowest in the group of 40%
of WBRF and 1% of green tea powder. The sensory scores of appearance, external and crumb color,
grainy in the group of 40% of WBRF and 1% of green tea powder were the significantly lowest. Overall
acceptabilities of the groups of 10% and 30% of WBRF with 1% of green tea powder were not
significantly different from the control group. The group of 40% of WBRF and 1% of green tea powder
showed the highest DPPH radical scavenging effect and TEAC content. Thus, if the mixture of green
tea powder and WBRF would be used, it might be proper to use 1% of green tea powder and 10%
of WBRF mixture considering the quality and antioxidant activity of bread.
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{Table 1> Formulas for loaf breads prepared from wheat flours with green tea powder and different
amount of waxy black rice flour(relative percent ratio of flour basis)

ingrecionts Grow” ol GBO GBL GB2 GB3 GB4
Wheat flour(use for bread) 100 99 89 79 69 59
Green tea powder 0 1 1 1 1 1
Waxy black rice flour 0 0 10 20 30 40
Water 60 60 60 60 60 60
Yeast 4 4 4 4 4 4
Sugar 6 6 6 6 6 6
Salt 2 2 2 2 2 2
Butter 4 4 4 4 4 4
Powdered skim milk 3 3 3 3 3 3

Y Control: wheat flour 100%, GBO: wheat flour with 1% green tea powder, GB1~GB4: wheat flour with 10, 20, 30,
40% waxy black rice flour and 1% green tea powder.
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{Table 2> Texture analyzer conditions for measuring
textural properties of bread with green tea powder
and different amount of 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 mm/s
Test speed 1.0 mm/s
Post test speed 5 mm/s

Analyzer(TA-XT2, Stable Micro Systems Ltd., Eng-
land)Z o] &-3lo] (Table 2)9F & ZHo g A
89| 731/ (hardness), BF=/d(springiness), 5343
(cohesiveness), /d(gumminess), 43143 (chewiness)
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Wt Fo] “Z(residual mouthfeel), B+l 715
S(overall acceptability)e]ich. #sH 7= 9%
715 Ao R siglon, tieks] Fof dhrh= 9
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2 Stete] FAEATH

AT

4) EA=2M

ZAb| A Aojzl BE 28 & SPSS win 10.0
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2HEA(ANOVA)ZF Duncan's multiple range test
(¢=0.05)% o= AS3IA
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{Table 3> Loaf weight and volume of breads
prepared from wheat flour with green tea powder
and different amount of waxy black rice flour

Sample”  Weight(g)***? Volume(mL)***
Control 382.00+2.009% 2096.67+20.82°
GBO 386.67+1.15" 2090.00+20.00°
GB1 387.33+1.15° 2063.33+25.17°
GB2 390.00+2.00° 2053.33+20.82°
GB3 390.00+2.00° 1810.0036.06"
GB4 394.00+2.00° 1675.67+ 4.04°

Y Control: wheat flour 100%, GBO: wheat flour with 1%
green tea powder, GB1~GB4: wheat flour with 10, 20,
30, 40% waxy black rice flour and 1% green tea powder.

2 significance as determined by ANOVA test according
to age(***p<0.001).

¥ Mean+S.D.

% Means with different letters within a column are signifi-
cantly different at ¢=0.05 level as determined by Duncan's
multiple range test.
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<Fig. 1> Loaf shape of wheat flour bread with
green tea powder and different amount of waxy
black rice flour. Control: wheat flour 100%, GBO:
wheat flour with 1% green tea powder, GB1~GB4:
wheat flour with 10, 20, 30, 40% waxy black rice flour
and 1% green tea powder.
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Control GBO

GB1

GB3 GB4
<Fig. 2> Section of wheat flour bread with green
tea powder and different amount of waxy black rice
flour. Control: wheat flour 100%, GBO: wheat flour
with 1% green tea powder, GB1~GB4: wheat flour
with 10, 20, 30, 40% waxy black rice flour and 1%
green tea powder.

Fo] nz2A BEHol gl S B F U =
Ak F71eE 2w} 3ot 9 En) 719E 10%
HA7ler Awe] Aox= tzpst 2 2jo]S Ho)
2] ekokt). =x)s} 3hA En) JLE 20% 2 H 7)ot
kel ZA$= 7139 ezt dA R ddah,
Fejk fA =Y 7130 FHrt 23 AR Ag
QP g;om —‘Lx}g} g7 B 7bE 30%E 3
7122 Fel7h A Ayl
%}D ; &5 01011:}. =2k A E0) 7S 40%

EHT = 20,00 kv W= 13mm Mag=

GB3 GB4

<Fig. 3> Scanning electron microphotographs of
bread crumb prepared from wheat flour with green
tea powder and different amount of waxy black rice
flour. Control: wheat flour 100%, GBO: wheat flour
with 1% green tea powder, GB1~GB4: wheat flour
with 10, 20, 30, 40% waxy black rice flour and 1%
green tea powder.
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{Table 4> Hunter color value of bread crumb prepared from wheat flour with green tea powder and

different amount of waxy black rice flour

" Color value

Sample L***Z) . .

Control 66.87+1.01%*) -2.66+0.22° 8.08+0.59%
GBO 53.81+0.54° -3.65+0.20" 15.47+1.04°
GB1 45.16+1.86° 1.30+0.30" 9.66+0.09"
GB2 35.27+0.77° 3.8620.47° 9.01+0.64™
GB3 27.05+1.05° 5.26+0.34" 6.93+0.27
GB4 16.60+2.54" 7.32+1.06° 6.98+0.72°

Y Control: wheat flour 100%, GBO: wheat flour with 1% green tea powder, GB1~GB4: wheat flour with 10, 20, 30, 40%

waxy black rice flour and 1% green tea powder.

2 significance as determined by ANOVA test accoring to age(*** p<0.001). ¥ MeanS.D.
% Means with different letters within a column are significantly different at @=0.05 level as determined by Duncan's

multiple range test.
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{Table 5> Texture of bread crumb prepared from wheat flour with different amount of black glutinous

rice flour and green tea powder

Samplel) Hardness***? Springiness*** Cohesiveness Gumminess*** Chewiness***
Control 122.47+ 0.457% 0.92+0.01° 0.59+0.02 72.83+2.49° 66.99:+2.74°
GBO 130.60+ 9.63% 0.91+0.03* 0.6020.01 78.155.45° 71.08+7.46™
GB1 146.70+ 7.65° 0.88+0.01° 0.59+0.00 85.8624.15™ 77.60+1.89°
GB2 139.00+ 4.84% 0.84+0.01° 0.58+0.00 81.05+3.21% 67.44+4.93°
GB3 161.53+10.83" 0.83+0.01° 0.57+0.02 92.25+3.70 76.63+4.37
GB4 194.40+ 3.75% 0.79+0.01° 0.59+0.01 114.47+1.53° 90.49:2.40°

Y Control: wheat flour 100%, GBO: wheat flour with 1% green tea powder, GB1~GB4: wheat flour with 10, 20, 30,

40% waxy black rice flour and 1% green tea powder.

2 significance as determined by ANOVA test accoring to age(***p<0.001). ¥ Mean+S.D.
“ Means with different letters within a column are significantly different at a=0.05 level as determined by Duncan's

multiple range test.

TS AHEE 7§~°r°ﬂ—”4 =akel Zm] 40%E 3
7het o 114.47, 5319} B) 30%S H7HE
°] 92.25 2. q]z%/} w=31ke A7)ek 2R
o =& 24

J2 UERA 2ATH(p<0.001).

%14 (chewiness) thxT7} 66.99% 71 o*

Ane g, SANS PR 2o §

9] z}o] S Holx| ¢Fgit) Hatel En] SE

S AFR3E T S E Ha19 o] Eu] 40%

= ARl o] 90498 7P Eekow mxtel &
20%5 ARER o] 7w AP =

[e]
o} dxetg o, Im & Kim(1999)2] 03_?011*1%
A= y}-s g v o] dhksiAE
235 Botta gl Sn)e} =53k 3 ALS-
e Awe] Arrt SUkithe 282 S
3 s Sl
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=T |
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=apet o) 7HRE E8ete] 7IgE Ao
942‘?&, A gk zA7E S W3k B} 2
= (Table 6,3} 2t} &2 H7} & o)A
2] 9] (p<0.001), 2]+ (p<0.001), - (p<
0.001), YA TLA(p<0.01) AH A 7@*
(p< 0.05)= AlEZel] fre]#Ql zto]E Hel
H, 2] & delldel =4nt =243, Bt zﬂ
3 Apge] Slgte] ek 7| s EE 2Tt fo
2 Apol& YEhHA Skt
2ol ojg ) o fA e o 27} 27t 7,559

73008 vEht s B EREE A6
otk feldom we b mglou w4l

e A7 23 #oAQ AfelE HolA &
Ak WA= 27} 7455 SAp-g A7t
T R EFES AREE TR oA oR =
e Uil fdake] #dAde izt 7t
2 =, 249 Z0] 40%E 18 ool 7
A vebdeh AAAQ VS ee Hakeh S|
10%, 30% H7bro] thxT-et foAQl 2jo]=
Holz] kth Hare} I S| 40%E et
T 9, oA, A, A A 3 AA
ARl 71wl A 71 Al vehg AEE 71
7F dAs] AstdE & 5 AU
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{Table 6> Sensory characteristics of breads prepared from wheat flour with different amount of black
glutinous rice flour and green tea powder

Sample? Appearance**+? iﬁTﬁl cf)zlr(;JrTE* Grainy**  Flavour ~ Mouthfeel  Texture Taste I‘E(?Eiﬂ?:tll acc(ej;;;:lrba;:li iy*
Control 7.55+1.28%)  7.30+149° 7.45+1.05° 7.05+1.19° 5.85+1.35 595+1.93 6.00+156 590+0.97 595+1.23 6.35+1.27°
GBO  655+1.73°  6.30£159" 6.35+1.18° 6.30+1.30° 470225 4.95+179 5154157 5154213 5.05+1.61 545+1.73"
GBl  6.35+157° 6.15+142° 6.30+142° 6.00+1.75" 555+1.39 6.30+1.45 6504157 565146 6.00+1.65 6.15+1.39°
GB2  5.70£163 580+1.77° 5.80+1.40° 5.80+1.40° 555+1.57 560+1.31 580+1.32 5.85+127 590+1.17 5.80£1.20"
GB3  550+1.64° 555+1.73° 5.85+153° 575+1.48% 530117 5704172 6354157 590+145 5090+148 5.90+1.52°
GB4  3.80£2.07° 420+1.99° 4.75+227° 500+1.81° 4.95+199 555+1.88 560+2.04 530+211 510+2.05 4.85+1.90°

Y Control: wheat flour 100%, GBO: wheat flour with 1% green tea powder, GB1~GB4: wheat flour with 10, 20, 30,

40% waxy black rice flour

and 1% green tea powder. 2 Significance as determined by ANOVA test accoring to age(p<0.05, p<0.01, *** p<0.001). ¥ Mean+S.D.

9 Means with different letters within a column are significantly different at 1=0.05 level as determined by Duncan's multiple range test.
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{Table 7> DPPH radical scavenging effect of
wheat flour bread with green tea powder and diffe-
rent amount of waxy black rice flour

Sample” DPPH***?
Control -8.52+ 3.439%
GBO 54.29+ 7.38"
GBL1 64.12+11.89°
GB2 66.73% 7.39°
GB3 65.00+ 3.88"°
GB4 84.17+ 1.67°

Y Control: wheat flour 100%, GBO: wheat flour with 1%
green tea powder, GB1~GB4: wheat flour with 10, 20,
30, 40% waxy black rice flour and 1% green tea powder.

2 significance as determined by ANOVA test according to
age(***p<0.001). ¥ Meant S.D.

% Means with different letters within a column are signifi-
cantly different at @=0.05 level as determined by Dun-
can's multiple range test.
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2) TEAC &€& =8

waksh Zu) 24RE A7l 2w a8 &
Z}E TEAC(trolox equivalent antioxidant capacity)
2 233 Aoh= (Table 8>3} 2t} B3} 7p2qt
A7 ek 2ol A9 117 mg, Hke} 34 Sw) 7}

{Table 8> TEAC of bread prepared from wheat
flour with green tea powder and different amount
of waxy black rice flour

Group” TEAC(mg)***? TEAC(%)***
Control 0.00£0.029% 1.13+0.62°
GBO 1.17+0.08° 25.56+1.55°
GB1 1.34+0.30™ 29.21+6.19™
GB2 1.490.22° 32.19+4.56
GB3 1.55+0.13" 33.45+2.57"
GB4 1.93+0.06° 41.33+1.21%

Y Control: wheat flour 100%, GBO: wheat flour with 1%
green tea powder, GB1~GB4: wheat flour with 10, 20,
30, 40% waxy black rice flour and 1% green tea powder.

2 Significance as determined by ANOVA test according to
age(*** p<0.001). ¥ Mean+S.D.

“ Means with different letters within a column are signifi-
cantly different at @=0.05 level as determined by Dun-
can's multiple range test.
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