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38) Go SJ.(2014). Nautral Fermented Bread. Leescom. pp. 32—33.
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Table 1. Formula and fermentation time of brown rice sourdough starter

according to fermentation time.

Ingredients(g) fermentation
brown rice )
Step brown rice time.
Strong flour sourdough Water
sourdough (hr)
starter

1 200 200 0 0 24
2 200 0 200 400 24
3 400 0 400 800 24
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W5 ol® S4stel 3)(mL)E VEhigic

3) WA W2 An] WEFC) pH 54
FA7] We @ul BEES] pHE AOACHWo| el dvl BEE 3

i

30 mLell ¥ar gAsto] 1 ZERS Ao A 30%7F WA g &

= >~
T
AN S FHdte] pH meter(Accumet 925, Fisher scientific, Hanover, USA)

AT dv] 2Ha5F 3 ¢S TFT
30mLel ¥Wil s|Aste] Ao 303 WA & FeAs ST
of w&ld F phenolphthalein XA ¢F 2~38+8-S Y31 0. IN—-NaOH= =3}
Qs Ae= 428 % NaOHO| 4o g v AlikAledl wel lactic

V X F X DX 0.009
AAAE (mg/100g) = S X 100

V © 0.IN-NaOH &9 #7448 (mL)
F : 0.IN-NaOH &le] 97}
D : 3|4 uls
0.009 : lactic acid A5 %k
A 5N FH =

40) AOAC.(1995). Official methods of analysis of AOAC Intl. 16" ed Method 943.02.
Association of official Analytical Chemists, Arlinton, VA. USA.
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A4A P FEFS o] LF QAo Az £ AFAE

dul TaFs ol &k A vk wigH] = Table 29 Ao, dj=+- 2%
2 7FEE 700 g, = 406 g, HE 28 g, o] ~E 14 g, A® 63 g, &~H 8.4

¢ ¥ Az vl BESS b Awe Av) wage) At g

10%9} o] 2E 11.2 g(A A8), A7) BaF 20%% o] 2E 8.4 g(B Al&),
Av] HFF 30%9} o] 2E 5.6 g(C A7), dv] HEF 40%2} o] 2=E 2.8
g(D A8)E stk AW Axs A vk 79 vidd vl &= 7I+2
2 3o WY, g 79 vl agetar, "rbFe 39 10%
= At 7 g E FEs
HE U G AY, o|2E) Eo HIME AA ST

A HaFTS HUe R =SS 2 A 59 EFUHE AlFste w57
(5KPM5E, Whirlpool Inc., Michigan, USA)E o] &3] A &0 2 18, 50
243, 14507 287 YAy 2% 27C, X 75%°1A 4587 14

SRS 1A WA B WES 60 g8 B 4PF b, A7)0

.

_14_



Table 2. Baking formula of steamed bread with brown rice sourdough

starter.
Samples" control A B C D
Strong flour 700 672 637 602 567
Sugar 63 54.88 47.88 40.88 33.88
Salt 8.4 8.4 8.4 8.4 8.4
Butter 28 28 28 28 28
Yeast 14 11.2 8.4 5.6 2.8
Watre 406 363.3 328.3 293.3 258.3
Brown rice
sourdough 0 70 140 210 280
starter.
UControl : Brown rice sourdough starter. 0 g +Yeast 14 g
A : Brown rice sourdough starter. 10% + Yeast 11.2 g
B Brown rice sourdough starter. 20% + Yeast 8.4 g
C : Brown rice sourdough starter. 30% + Yeast 5.6 g
D Brown rice sourdough starter. 40% + Yeast 2.8 g
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41) Campbell AM, Penfield MP, Griswold RM.(1979). The experimental study of food.
Hounghton Mifflin, P.459.
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6) dAv] TEFS ol&3 Ao o ¥ dHAE

|\

)

Fu] g Es o] &3k xwko] ¥ t)x "7 2H(D300s, Nikon, Japan)
= % ST s S A2l 1A g & s AE
2 ¥t 2 dw % (SV-32, Sometech Co., Seoul, Korea)2 &3] 400 &=
Sig F 71ee A7iet FHE S48 Th

gakel LONAE), a(HH%), b(FNE) 3he SRt

HAn) HFES o] &3 Fnguhe] xA 71| xjolE =A35H] Y3 Texture
Analyzer(TA—XT2i, Stable Micro System Co., Surrey, UK)ZE o] &3}
TPA(texture profile analysis)®2 543} th Al5E AxE W] FAHE
S 2%X2X2 cm®] AHUA RGO w A E
& Table 33 2o 574 & A% force—distance curve=ZH-E % W9
o

7d % (hardness), ®r#H X (springiness), 53X (cohesiveness), HZHA

(gumminess), A3 A (chewiness)? H3HS 3519}
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Table 3. Operating condition of texture analyzer.

Classification Qualification
Instrument TA—-XT2i(Stable Micro System Co.)
Test mode Measure force compression

Option Return to start

Pre—test speed
Test speed
Post—test speed
Distance

Calibrate probe

1.0 mm/s
1.0 mm/s
5.0 mm/s
50%

P/45

9) & TEFS ol ¥l dsAAl

Al 5H EAS wwsty] 8 2elvet geh)A 15
™
A

= ko] 3 e MRS

1~2% Ad 5o 02 ARE FIES ATk B FHe A

(taste), 3Fm](flavor), 98 (appearance), &7+ (texture) % A A

(overall preference)o|™, Z+2+e] EAL2 154 line—scale® H7}s3 o™, 14

o us EX Y, 157 WS

Foh'= B
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Al 5 A Ar] BEFS o]&F AW A F FAWs 4

1) o] sk
An] g FS o] &3k Wuko] A V|7F T FEEHS 105C A4rtdE A

3]
2 i) ol gete] 4T

2) el pH 3 A A4

An BRFE o83 e A% 7+ T pHe AW T4l 8t
o E37](HMF—100, Hanil Electric Co., Korea)Z o] &3] Zo =z 287 1]
AeHA E st F8S wEdn AW £ 3 g5 575 30mLol ¥ A
2ol A 3043 HEEE Thg, 3000rpm o2 3043F AR & & AT
F3le] pH meter(Accumet 925, Fisher scientific, Hanover, USA) = =743}
Sk e A 7 T AAAAEE S AW 28 3 g8 7T
30mLoll ¥aL Aol 4 3023 awkE v, 3000rpm e 2 303 A&

]_

£

Oft

A dS AtEet~Tof upebdl 5 phenolphthalein A A kS 2~34WHS
, 0.IN—NaOH= <3} AA3H. AAANEE 285 NaOHS ¢o =
th& A2 o] whet lactic acid(mg®)E F A 8F T}

o]
i

Oiffu
o

V X F X Dx 0.009
= (mg/100g) = S < 100

N
ol
N

V © 0.IN-NaOH &9 #7448 (mL)
F : 0.IN-NaOH &le] 97}
D : 3|4 uls
0.009 : lactic acid A5 %k
A 5N FH =

42) AOAC.(1984). Official methods of analysis, 14" ed. Association of official Analytical
Chemists, Washington D.C. PP.31—47.
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3) Aol =4

A = AMuko] EA1& Table 3. Operating condition of texture analyzer

A6 4d BAAY

B ooAqro] A¥ A= SPSS(Statistics Package for the Social Science, Ver.
20.0 for Window, USA) TR I1MS o]&3to] BA 3t £ A 3

B}, #4183 Duncand] BHEMS 43S AAFAT
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Table 4. pH wvalues change of brown rice fermented

fermentation time.

starter

with

Fermentation time (hr) pH
0 7.58%0.01%
12 7.04+0.02°
24 6.38%£0.01°¢
36 4,9440.01¢
48 4.44+0.01°
60 3.95+0.01"
72 3.9440.01f

All values are meanxSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 1. pH values change of brown rice fermented starter with

fermentation time.
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Table 5. Titratable acidity change of brown rice fermented starter with

fermentation time.

Fermentation time (hr) Titratable acidity(mg%)
0 0.084+0.02¢
12 0.1140.02f
24 0.14£0.02°
36 0.2840.01¢
48 0.34%0.02°¢
60 0.4740.00"
72 0.51£0.02%

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 2. Titratable acidity change of brown rice fermented starter with

fermentation time.
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dAunl AFo] G g OAIZHAO  3.27°Brixo|lar, 12A]7HA <
3.20°Brix, 24A]ZbAlel  3.17°Brix, 36A|ZFAJe]  3.13°Brix, 48A]7HA| 9
3.10°Brix, 60A1ZF#lel 3.07°Brix, 72A17F#lo] 2.83°Brix 0. & YEbREaL, @
FBAZ el #-of g Zfeo] 7t hd e, wa A zte] dojF]of upe} 7HAs)
BEs BT HJ5(2012)9049) Aol A g ool ujfr] o] A AEr=
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7k FAIL 39ARE AY gashs 2S o

Olt
rr

A WE NS 3UAAAE B AT go] S| sk, 449 1(2012)

o] A¥%E Ta 50 WEF F(2014)9 HF LFE AL A= F
&

2°45(2012)52 714-99)(2012)59) WEF F(2014)950 AT AL AL
Bl a7k obet wjopAIgie] So1gel whek Bst S0k 394, 19

A ol Frasts AW BYon Kim $(2008)5) 2Alzke] 71o]Ho
w2} 2}

RS} FAE e WETO| FHFUA FRL Yol sho] W
5}

-
A A ZFo] xgrol] whe} B3 An]sQly] o2 A

49) HAA35.(2012). AA =%, P.39.
50) 712293.(2012). AA =%, P.13.
51) %3 298, A524.(2014). AA=E P.1899.
52) #HA5.(2012). Wﬂ%%’;, P.39.
53) 114:93.(2012). AAx=5, P.13.
54) MEF, ALH, d-A.(2014). AA =, P.1899.
55) Kim MY, Chun SS.(2008). op.cit, 18(1):87—94.
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Table 6. Sugar content of brown rice fermented stater with Fermentation

time.

Fermentation time (hr) °Brix

0 3.2740.06°
12 3.2040.00%
24 3.17£0.06%°
36 3.1340.06"
48 3.1040.00
60 3.0740.06°
72 2.8340.12¢

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.

_28_



35 7

30 -
x
= 25 A
=x}

2.0 A

15 1 | 1 1 | 1

0 12 24 36 48 60 72
Fermentation time (hr)

Fig. 3. Sugar content of brown rice fermented stater with Fermentation

time.
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g Ao WE A HFE o] &g dr| T Fy= Ea 0AHA
3 mLo]ATh HE 242 7HA) o]
= 35.73 mL, 36|17t o = 44.67 mL, 48X Aol = 34.47 mL, 60A] 7HA
o = 39.00 mLo| 3L, W 72A7HA| o= 22.37 mLo|% o™, Hg A 7bol| )
2} 9%k 2ol 7} AT 1Al = Ea 1247k = 5438] S7Fsttt
7} o] 3 frAete AEFS Hlom, 2kA ef 3l A= ZH2t 4843, 724
U7HA sk 4%&e Bloh ] 5(2013),560) A& 5(2011)57 <
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AL, 2 ATl 2447, 48417 A o] HIMF9F &5 FH bk § A
st7b S7FE elv7E 7HAe] kol wiRA o g W, Sk vrE fhAa
St B2 2 ATk Bl Al vElwth o] 23k Ay B g ATko] A atet
5 Hb5o] 2R 3tE Q18] sourdough startere] ®rEEH o] ZHAJIATHE
Chea 5,58) Freund W.2]59) A2 38} % fALSE A2 raA|glo] Ao
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56) ¥Au], o] &N, JAF, 3], &Aaf, &2.(2013). “Far @0 A& FAE o] &
s gl Az H Fd 547 T Eg s A, 26(2):208.

57) AEA, o]FA A7]&.(2011). "2EFE 2 A28k Probiotics— & X WSS E8]she] ARk
Sourdough A|W-EA" el 3E318+3] %], 43(1):48.

58) Chae DJ, Lee KS, Jang KH.(2010). Fermentation Characteristics of Flour Sourdough
using Mixed Lactic Acid Bacteria and Bifidobacterium longum as Starters. J East Asian
Soc Dietary Life, 20(5):743—750.

59) Freund W.(1995). Baackerei—Konditorei Management V.: Verfahrenstechnik Brot und
Kleingebdack (in German).
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Table 7. Volume change of brown rice sourdough stater with

fermentation time.

Fermentation time (hr) Volume (mL)
0 18.80£0.10°
12 41.9741.55
24 35.73£0.40¢
36 44.67+1.89%
48 34.47+0.98¢
60 39.00£0.50°¢
12 22.37%£0.21°

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 4. Volume change of brown rice sourdough stater with fermentation

time.
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An| HFS o] &3 dAv BaT Ha"s SHsH] fste] EaA it

& 3dn Hdade pHE SAS A3+ Table 8 # Fig. 59 Zt}.

2 dv] daFo] pHe SaE oAl 5.7201%0 3, WaE

4.08, 24 A7 = 4.01, 2E 36X Aol = 4.28, E 484]
a 60AI Ao = 4.14, 2ra 72X 7ol = 4.020.2 LJEFSE

o, T Agtel whel Fol gk xpol 7t AATE AEK F5(2011)2]60) Aol A

e
W =5 24478, 484l H7EE 1@l pH Frbetvrt fHaetes 22 A
gro] BT o< 5(2015),61) o] AF(2007),62) &78F(2000)2]63) Ao
M Za7|Z F2F ONIHEE 19 274A] pH7F 5438 FHAskal, 1 9o
ehts] ZHashe Aol & Aot Hlszdk B ko] yEhue, g Fo] TaSs
A== A2 ethanol, acetic, lactic acid, ethylacetate 5.2 o] 5o A]
acetic, lactic acid 5= pHE FF .64 o]t Ay= dn| HaFo] g
Akl dojH e whe} sourdough Woll EA13l= Aake] T4 o= <lsh
715ke] Adol Frsk Y] WEow AZE T

Jo

60) AEx, o34, F71E.(2011). A=, PP.47-48.

61) o1 4%, ME4.(2015). “TheFs 359] Sourdough A7FeH Awbe] FAEY @A
Zxg)3s3s] A, | 31(3):268.

62) o] AE.(2007). AA =T, P.20.

63) TAHEZ.(2000). ‘B 7FFol A 7 EEs Enterococcus sp.9} Lactobacillus sp.& #singk
sourdough”} K] 2% Bl fepho) v X & w2 soldigtu gy vkr}she| =, PP.
27—28.

64) Corsetti A, Gobbetti M, Paoletti F, Russsi L, Rossi J.(1998). Sourdough lactic acid
bacteria effects on bread firmness and staling. J. Food Sci. 63:347—349.
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Table 8. pH wvalues change of brown rice sourdough stater with

fermentation time.

Fermentation time (hr) pH
0 5.7240.04%
12 4.08+0.01¢
24 4.01+0.01°
36 4.2840.02°
48 4.03£0.00°
60 4.14%0.02°
72 4.02%+0.01°

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 5. pH values change of brown rice sourdough stater with

fermentation time.
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dAn] AFS o] 83 dn HaFo daws SHs7| Hshe] LAt
mE v FgFo] JAAHLNEE SHI A= Table 9 ¥ Fig. 63 2},
daA g e du FaFe] AAHLMEE Ta 0AHA 0.21 mg%ol S
0.85 mg%, 24X 7= 0.92 mg%, & 36X 7HA

o= 0.66 mg%, WE 48A1 A= 0.91 mg%, TE 60AI A= 0.79
mg%, 'TE 72A1 A= 0.92 mg%h o2 WEs o, Ta A ftol| whef o
gk xFo] 7} 2l Qlth o] A< 5(2015),65) o] A& (2007),66) TAE(2000)2]67) <
TME 1927HA] 438 71ttt 292 H = F3] S7FskiTh. A
3 5(2011)9]68) AFol A= 15A17HA = 543 7k A R, 1%
Al -
Al S7Vshe Aol Hol A9 24X, 487k RS B AlE
Aol A4 A7t WolA ), 36417, 60A M RE] SEF7bE AlFo] B oA
o} nj=3k o] ATt Ha e pH 2 AAHALES F7FH= sourdough

WZo] wEe, gluen 2o, AE B o GHe Fho)

Hu Nt

BY 7Z+AE 3, =3 probiotics®} &5 (S. cerevisiae)= T 3h

65) o] A<, M. (2015). AA =, 31(3):268.

66) o] AF.(2007). AA = P.20.

67) AE.(2000). AA=%, PP.34-35.

68) &R, o]FA, A7 a.(2011). AA=E, 43(1):48.

69) Corsetti A, Gobbetti M, Paoletti F, Russsi L, Rossi J.(1998). op.cit. 63:347—349.
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Table 9. Titratable acidity change of brown rice sourdough stater with

fermentation time.

Fermentation time (hr) Titratable acidity(mg%)
0 0.21+0.03°
12 0.8540.02°
24 0.92£0.022
36 0.66+0.02¢
48 0.91+0.03%
60 0.7940.03°
12 0.924+0.03%

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Fig. 6. Titratable acidity change of brown rice sourdough stater with

fermentation time.
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dAv] g Fo HrrEFs dElste] Axs AW 5] pH B AAGAEE
=43 A3E Table 103 7o},

=79 pHE 5.2701Q3L, AA ROl A= 5.14, BAl RO A& 4.94, CAl&
N = 4.87, DAIF A= 4.74 0.2 Yyt om, Az 3o 93 2ol 3l
AL, HE9H2007),70) o] AF(2007)Y7D) AT E dj=T X7} 5.90,
5.78% 71 ol ¥ A9} vl dk A3o] yebwth H44$(2012),72) A<
%9(2012),73) 71-20l(2012)2]74) Aol A= pHO| 3|7} EA 9] 4| ¢} ot
2A b AI T, AR AlE AR o gk Afol= S Ao R AWA] v
o] pH#kel| whef i el 7k Hfeo] pH 5.5 Fd A= bg A o)A,
pH 5.00]3tell A= ofstevtal B w75 gle Wol Z A+ pHFA7}
ME & 2ol 7t Hl52dk A 3ol YE skt

A gk=o] A E S5 Ay, djxT9] AALEE 0.63 mg%hol A
3L, AA Bl E 0.78 mg%, BABEAAE 0.93 mg%h, CAZENAE 1.09
mg%, DA F ol A= 0.85 mg%h o= e o™, A|51tbel| #2ol 3k X}l 7t 9}
At o] A< 5(2015),76) o] AF(2007)2]77) Al M= hRTF £ 7} 7
A vet 2 ATtel vl dk A 3ol ek ow, MR A1l {9 §F Ao
]_

70) AFW, A, o BAL(2007). & Wi olel Aol oF Wwel AL B A
2 F g Fatets| A, | 36(5):618.

71) o] AE.(2007). AA =, PP.53-57.

72) HAA5.(2012). AA=E P.56.

73) A4:¢.(2012). AA=E P.24.

74) 71 o °H (2012). "Grl RS g Ao} EA TR Le] H It wE Aol FAEA" Folst

oL e AAFEE9] =1, PP.18-20.

75) Kim, H. Choi, C.R. and Han K.S.(2007). Quality characteristics of white pan breads
prepared with various salts. J Korea Soc Food Sci Nutr. 36(1):72—80

76) o<, BFE.(2015). AT, 31(1):269-270.

77) ol AE.(2007). A=, PP.53-57.
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Table 10. pH and titratable acidity change of steamed bread dough

with various levels of brown rice sourdough starter added.

Samples pH Titratable acidity(mg%)
Control 5.2740.01% 0.6340.01°

A 5.14+0.03° 0.78+0.02¢

B 4.94+0.05° 0.9340.01°

C 4.8740.05° 1.09£0.01?

D 4.74%0.04¢ 0.85+0.02¢

URefer to the legend Table 2.
All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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dAn] dgFol WIS delst AWS Alxshe g T LaATH
2 A ko] HyuE 543 A3 Table 11. ¥ Fig. 7. 3 2},

07 79 ¥ 54.87 mL, AABolAE 54.63 mL, BAI RO A&
54.10 mL, CAl 8ol A= 52.40 mL, DA Bo|A = 52.43 mLolH, 2& 158
A= thETA 82.87 mLE 7FE I A Fu7F F7}8k9 L, DA RO
56.87 mLZ 7} A F-37} S71etd k. 2R 30 A7 A = BE A&}

k)

2

TEs] F7Fekd AL, wE 458 Ao B A7) 136.87 mLE 7HE A4 §-9)
7} S A4S B o AXE, CAE, DAEE 2a 602474 =
3] =718kttt Wa 758 A o= BAIE7} 166.20 mLE 7HE 24 3971 =

7helhe= AEe BElom, DAEZF102.00 mL=E 7 A A 37} F7Fekad
oh A59(2012)978) Aol A= hxET21 0% H7Hksol 7hd wrart 7t
F o, 25% 7tiEA da o] HY WA ygkon, S 12

78) 7149 .(2012). AA=E P.24.
79) Kim MY, Chun SS.(2008). Effects of Sourdough on the Quality Characteristics of
Rye—Wheat Mixed Bread. J Korean Soc Food Sci Nutr, 37(5):625—632.
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Table 11. Dough volume change of steamed bread dough with fermetion

time.
. fermenta
fermetion .
—tion
time  temperat  Control" A B C D
. ure
(minute) (C)

0 27  54.87£0.60°" 54.63+0.57"" 54.10%0.46"" 52.40+0.46"" 52.43+0.31°"
one E E E E dE
fer 15 27  82.8740.40° 60.07+0.50" 66.17+£0.57°% 60.07+0.50" 56.87+0.51
met
_ 30 27 111.5740.49%° 70.6740.38"" 99.37+0.40°" 81.00£0.30°° 62.13+0.57°"
10n

45 27 126.27+0.25"® 84.00+0.30% 136.87+0.40%® 101.77+0.59 73.37£0.51°
two
fer 60 32 109.50%+1.50°° 106.70£1.81% 114.90£0.79° 113.40+1.04*® 81.40+0.46%
met
) 75 32 159.304+1.08"* 153.2043.02°* 166.20+1.20* 163.20+1.59** 102.00+0.60*
10N

DRefer to the legend Table 2.

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test. *"™Means Duncan's multiple range test for different addition (column). * *Means

Duncan's multiple range test for storage time (row).

_42_



200 -

160 -

140 -

—

[

[=]
1

Volume(mL)
g

80 -
40 -
20 1
—&— control —=—A ——B ——C ——D
0
8] 15 30 45 60 75

Fermentation time (hr)

Fig. 7. Dough volume change of steamed bread dough with fermetion

time.
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A= Table 12 7t}

o] K= BA g A 205.20 mLE 7F4 kAL, 1 thS 02 CA 59
A 191.44 mL, tZFoA 184.14 mLol o™, DAl &4 167.80 mL, A
Aol A 175.00 mL2 7H wekom, Algxtel 723k zto]7F AU

o] H)-§-4-2 BARONA 3.34% 7P 9kar, 7h7be] AlgelA g Azt
of W& frojgk xfol7t AT HE W 5(2007)]80) AT A=t =
8.3%, 11%, 18%°] £ wa XS H7te A3 =77 71 99 1§
Aol Agtom, 18%°] £ g Hrig v= Fu @ H|&Ao] AYd A
A vk 2 Ao A7 T8 {9 s 2ol vt AATh A5 (2012) 28D A
NHE HETF, 25%, 50%, 75%, 100%, 7FapaA vtgES 3713 bk
z=rc 2k ¢ Aot PRk & Ao Ao} fogk xfolvt
AR om, vlgAolgt wo] WEF YeRH H]&Ao] A JPPa F oy

Wol glu, Sowl xushy wug WS ek

of wrgo Jes T dr|EaFol HUtEHS dEls el By ul&
e ZAT A3, BARS B o] 2ERE o] &3 vzl Ha| Au
wyjeh u]gAo] fojdow kA ek, DA 4 dAs W 2
oF H| &4 & Hlsd, ol Had WY Aty a5 Aot HUkE o
~E7} e wad Je T wEolda Aztar

80) HEew A, o] 54 .(2007). AA=E, 36(5):618—6109.

81) 1499.(2012). AA =%, PP.25-230.

82) AL, 2FA, A95.(1999). TAFAEHE}, | vARXNL=, P.79, PP.111-112.
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Table 12. Volume and specific volume of steamed bread with brown rice

sourdough starter.

N steamed bread steamed bread
Samples
Volume(mL) specific volume(mL/g)

Control 184.14+0.41°¢ 3.021+0.02¢

A 175.0040.48¢ 2.86+0.06¢

B 205.20%0.20% 3.34+0.02°%

C 191.44+0.38" 3.114£0.02°

D 167.80x2.20°¢ 2.721+0.06°

URefer to the legend Table 2.
All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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dAn] HaEFo AUlES dElste] Axd Ao A5 % FolE
A= Table 139 #t}.

Auko]l &8 BAgo|A 88.11% 714 £k, DA gOA 79.04% 7}
wokow, Alggtel folg ko7 St

o] ol giRTrol| A 43.830.2 71 =93, DA RO A 41.87% 7}
ostkar, AlE kel gk xfol7b AU

Aol 5(2003)¢]83) F7HFe} W7 EE A7 Qo] AapoM = It
F 30% THA, BE7FEE 10% 704 bl = 7o gk &fol7F AAIRF 11
o]’ Feo] H7k= AFH wol7t Holx= ARt vpom, 7120} (2012)2]84)
WEsl e 1.5% H7he A5 vlA Aol 7Hd A7]= shdley kol v
Aol vls) Fastal, Aol AAE A3 vk

oj¢} & A= Table 129 o] §-3] 5l nH|&A oA o] Axe} TAgH
Aoz ko] Fyjo} v|§H o] 45 Ao X5 =ol7f A YERY

= =42 war
83) Arel, &4¥.(2003). “BR&AE A% FUFFok BerbE T 47 AL

6—1]’?3‘?] , 8(_)35
84) FLof.(2012). AN=8 P.21.
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Table 13. Diameter and height of steamed bread with brown rice

sourdough stater.

Samples” steamed bread Diameter steamed bread height
Control 84.5440.55" 43.83£0.26°

A 81.44+1.35° 42.91+0.72°

B 88.11+£0.32% 43.75+0.40%

C 85.49+0.97" 43.81+0.24°

D 79.04+1.11¢ 41.87£0.42°¢

1)Refer to the legend Table 2.

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.

_47_



5) dr LrFS o & e ofH H o

(g

Tz

a

v dagFo] HArtgS GEste] Az "ol o3y gk
A3}= Fig. 8.3} 7t}

o] o)L Table 129 Aol upzt7HA| 2 BA RS H-3]7F 71 A
UERSESL, DAl se] F-9]7F 7 2] YERR

Ago] g 2E A Ay, Fueh vjgHo] 7H A VERY BA R
o] 7]Fo] 7b A3 2] Aol A LEE O] AUTE T AA

|y
o
rol
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o2 gh=o] sbgstE Qe Rise] wg o] vtolxl wjFolgta A7bE )

&3] 5(2012)9185 Ao A= djxT o H]3l] A7FF2 A Z=¢ SRB-2,
SRB—3, SRB—4+= F-#A2 £X| @AIRE 7]Fo] ddstA Ve em H2of
(2012)92186) AFAN M= 0.5%,1.0% EALF7HE Abololli= A A 2Fo]7F YA
BHANE, 1.5% BA 7oA E FHsH 7180] A% AS A = 3

At

85) A3, ol 4, 4 ev), MAIY.(2012). "RY T R A Q5 Aobell AT A WY
FA W reEAEeEA, | 25(2):257 258,
86) H-0l.(2012). A A=, PP.33—-34.
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Fig. 8. Using brown rice sourdough stater steamed bread of external

appearance and section structure.
URefer to the legend Table 2.
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Table 149} 7t}
Aol [k izl 71.200.2 7H SEekal, DAJRolA] 76,5522 7}
=%kow, Alggbel] folgk xfol7} At
Aol azke oA —2.45% 7FF Gokal, DAIZ YA —1.49% 714
=%kow, Alggbel folg xfol7F At

ug-o] pite- BAIEONA 10.328 71 Wekar, DA =olA 11.980 = 7+
=%kow, Alggbel folgh xfol7F At

A8 5(2008)87) L#kS AXE A wad 5.0%°] 34.899] RO = agk

o

S AT A HFgH 10.0%0] 4.58% Lpgrom pgto] AXE A dg ol
10.0%7} 13.22% 7} =4 U A& 7kl 7238k #Fo] 7} YElRt) &

r;'ﬂ

ALl(2012)2]88) Ao M= LS R} 72.279] 3O 2 aptS &
as 1.5%7F 8.31 #ho]l yhskom, pi= T Falas 1.5%7F 50.1400. =
7V =4 usteh. A2 Lo ® amE sl s 1.5%7F 705202 agho] thx
T7F 77902 bgkol hET7) 48.64%2 7 A vk A 87Fe] 2%l
o) 7k gllom B Aol 78 5(2008)2]89) Ao} thEA Ve

| HaFTe] M el wE M) Lk ulE2TRo Ml e
B B At Ae] Bujof njgHo] F4E vk AS B
A=, o= AW Fig. 19 @29 Ao} mpzhrA 2 73] 33 o w
2 2 7)Fo] Litel 9FS v Aow AztATh Awe] azke dAn) whg
o] A7 ol FESFE = YEbR AL, ek Mol Ryl v gF o] F
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87) AEE, A+A.(2008). “AXE HA Ha NI Sourdoughs o] &3 T Ewo] =2
Ex” FE.o]_}\]o]_/\lxg:d—Bl—Qx] , 18(1):92.

2o} (2012). A A=, PP.31-32.

A, A52.(2008). dA=E, 18(1):92.
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Table 14. Hunter's color data

sourdough stater.

of steamed bread

with brown rice

Samples" L a b

Control 71.2040.36° —2.4540.32¢ 11.3940.67"
A 75.08+0.38" —1.7140.25% 11.77+0.21%
B 72.57+0.19¢ —1.75+0.40% 10.32+0.21¢
C 73.7340.53¢ —1.87+0.23" 11.0140.23¢
D 76.55+0.41% —1.4940.33" 11.98+0.21%

1)Refer to the legend Table 2.

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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ko]l AL DA ROA 0.75 kg 2 7H =9k, BAIZE oA 0.34 kgl
2 7hd wWekowm ) Almztel| folgk Afol7t ST

Aol ere g e CA R A 0.982 71 =9ka, DA R A 0.942 713
wokow, Alggtel Folg ko7 ISl

Aol SHUAL B AR C Al87F 0.55% 7H4 %¢kal, DA BOA] 0.53
o2 7 dokow A g3k Folg xpol7k Uit

ko] Ao DA|FA 0.400.2 7HF =9kal, BA A 0.2020.2 7}

ol A 5290) Auko] tzol7} b = 2 Ao Auy, A 2 NI
o] 714 Sl Lheh} 2 ele} A s 1w
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252 247 394

ro,
2
ol
o
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N

F(2007)99D) AFelME A=, S84, @A, "AAAA2 HlgH o] 2 Al

V52 grste dut B A7 AA 5

iy

90) Jeon YS, Kim MW.(2010). Quality Characteristics of White Pan Bread Added with
Sunsik Powder. J East Asian Soc Dietary Life 20(2):299—306.
91) o] AE.(2007). AA=E, PP.62—64.
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Table 15. Mwchanical characteristics of steamed bread with brown rice

sourdough stater.

) Hardness

(ke) Springiness Cohesiveness Gumminess Chewiness
g

Samples’

Control ~ 0.46£0.05" 0.96+0.01" 0.54£0.01* 0.25+0.03" 0.24+0.02°

A 0.50£0.06" 0.95+£0.01° 0.54%0.01°> 0.27+0.03" 0.26+0.03"

B 0.34£0.02° 0.97+0.01" 0.5540.01* 0.20£0.03° 0.18+0.01°¢
C 0.37£0.03° 0.98%£0.01* 0.55%£0.01* 0.21£0.01° 0.20%+0.01°¢
D 0.75+£0.07* 0.94£0.00¢ 0.534£0.01¢ 0.40+0.04* 0.37+0.03%

1)Refer to the legend Table 2.

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.
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Table 16. Sensory evaluation of steamed bread with brown rice

sourdough stater.

D Overall
Samples Color Flavor Taste Appearance  Texture
preference

Control 10.23+1.10° 8.43+0.86° 10.87+1.23° 11.02+1.34° 12.04+1.12" 10.754+1.09"

A 11.01£1.57™ 9.60+1.08% 13.74+1.10% 10.39+1.47" 10.68+0.98° 11.27+1.28°

B 11.02£1.00" 14.22+40.91* 14.21+0.61* 14.05+1.99% 13.66+0.88" 13.44+1.00°

C 11.74+1.03% 13.0441.30" 12.05+1.02" 13.354+1.38% 13.31+1.14% 12.83+1.22°

D 12.53+1.51% 12.0941.26° 9.34%1.02¢ 9.03+1.09° 9.76%1.00¢ 9.10£1.08°

URefer to the legend Table 2.
All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test.

92) vrAgm], olddl, AFF, A3, Folaf, FFA.(2013). AA=E, 26(2):205.
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Table 17. Water content change of steamed bread with brown rice

sourdough stater during storage.

Storage period (days)

Samples”
0 1 2 3 4
Control  41.86+0.08** 40.66+0.18® 40.53+0.24°® 40.34+0.15*® 39.29+0.31°
A 41.00+0.12%  40.2940.04% 39.91+0.09° 39.59+0.37°" 39.28+0.18°
B 41.5040.34°* 40.65+0.09® 40.6140.16"® 40.52+0.23® 40.41£0.03%®
C 41.2940.10°* 41.1740.06"8 40.9240.07%¢ 40.674£0.04*" 40.55+0.38%°
D 41.76+0.11%** 41.5240.25** 40.70£0.06®® 40.55+0.17°® 40.4240.29%

1)Refer to the legend Table

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's
multiple range test. ® Means Duncan's multiple range test for different addition (column). *"°Means

Duncan's multiple range test for storage time (row).
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Fig. 9. Water content change of steamed bread with brown rice

sourdough stater during storage.

_58_



dn B agFo HU7MEFS delste] Az #W-S 20T incubatoro A 54
& AstHA pHe WetE S574% A3 Table 18 ¥ Fig. 10.% 2},
A7 1A #e] pHE 43 A3, dizFolA 6.2102 71 &%
i, DA ECA 57002 7F stgkom A 24 A, 3L = AR = olA 7}
7} 5.41, 5.32% 7P¢ H9kaL, 49 Aol = BAIEA 5.19% 7HE = Skth A
2 g wekar, A% 3AARE 4 A 712 o

£ fAwe AgAAe) A A el

4
N
N
N
Ol
O
MO
S
oo
o)
U
N
S
o
VN
o
[o
=
td
rr

AA717F o RE X 89 pHE A 19AFE A 247714 32 3]
259 a, A 2dAREE 9ws] 449 om B, C 9D DA =Y pH7}

AL nol @ BEF Y7t

g 2
& %7 Vbt 59U7bA o] pHERS Atk WMol glo] B ATsh B 4%

it

95) HEw, AL, o]54.(2007). AA=E, 36(5):619.
96) #/J2.(2012). AA=, PP.128—-131.

_59_



Table 18. pH value change of steamed bread with brown rice sourdough

stater during storage.

Storage period (days)

Samples”

Control  6.27+0.01** 6.21£0.02*® 5.0940.00° 5.00£0.01%° 4.89+0.01%

A 6.24+0.02%4 6.20+0.02%* 5.41+0.04*® 5.3240.03%° 5.1540.03°

B 6.20£0.04"* 6.1540.02"" 5.26+0.02°° 5.2040.01°® 5.1940.01%"

C 6.15+0.02°* 6.1440.01°* 5.2240.17°® 5.10£0.01%¢ 5.03+£0.01

D 5.9940.04% 5.70+0.05® 5.03+0.01% 5.024+0.01% 5.024+0.00

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's
multiple range test. * °Means Duncan's multiple range test for different addition (column). *"*Means

Duncan's multiple range test for storage time (row).
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Table 19. Titratable acidity change of steamed bread with brown rice

sourdough stater during storage.

Storage period (days)

Samples”

Control 0.13£0.00% 0.164+0.01°° 0.22+0.00°° 0.31£0.01*® 0.48+0.05**

A 0.15+£0.01°° 0.17£0.01°° 0.20£0.01*® 0.214£0.01°*® 0.22+0.01**

B 0.18+0.00° 0.20£0.00*® 0.20£0.01*® 0.2240.01°* 0.22+0.01**

C 0.18+0.00°® 0.20£0.01% 0.214£0.01°5¢ 0.23£0.01"*" 0.254+0.02"*

D 0.19£0.01*® 0.20£0.01*® 0.24+0.01** 0.24£0.01°* 0.25+0.01**

All values are meantSD.
Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's
multiple range test. * *Means Duncan's multiple range test for different addition (column). » “Means

Duncan's multiple range test for storage time (row).
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Table 20. Mechanical characteristics of steamed bread with brown rice

sourdough stater during storage.

Storage period (days)

Samples”
0 1 2 3 4
Control 0.46£0.05°® 0.68+0.07°° 1.08+0.08"" 1.1440.10°® 1.57£0.14%*
A 0.50£0.06°° 0.7440.02°° 1.1640.14"® 1.2840.08"® 1.83+0.10°*
Hard
—ness B 0.34%0.02°° 0.57£0.05 0.79£0.10®® 0.90£0.10® 1.17£0.19%
(kg)
C 0.374£0.03® 0.69+0.07°C 1.00+0.06® 1.12+0.17°® 1.39+£0.05*
D 0.754£0.07?P 1.15+0.07*° 1.67+0.12°® 1.82+0.16%® 2.27+0.22%*
Control 0.9640.01°® 0.9440.01*® 0.93£0.01°® 0.93£0.01*® 0.9240.01%
A 0.95+£0.01°* 0.94£0.01*"® 0.93+£0.01*® 0.90£0.01°° 0.88+0.02"¢
Springi—
R B 0.97£0.01°* 0.95£0.02*® 0.94+0.01*®° 0.93£0.01% 0.9340.01%
Nness
C  0.984£0.01** 0.94£0.01*® 0.934£0.01*® 0.9340.01*® 0.92+0.01*¢
D 0.9440.00% 0.89+0.01"® 0.8940.01"5¢ 0.87+0.01°P 0.87+0.02°°P
Control 0.544+0.01"* 0.5240.05** 0.47£0.01°® 0.46£0.03*® 0.46+0.01%"
A 0.54%0.01" 0.49+0.01°"" 0.474+0.02°¢ 0.43£0.00° 0.42+0.03"
Cohes aA aB aB aC abD
, 0.55+0.01* 0.51+0.01*® 0.49+0.01*® 0.47£0.01% 0.44+0.02?
—IvVeness
C 0.55+0.01%* 0.50+0.01*® 0.4740.01"° 0.474£0.01*° 0.4340.01°P
D 0.53+0.01¢* 0.46%0.00°® 0.4240.01°C 0.42+0.01°¢ 0.394+0.019

DRefer to the legend Table 2.

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test. * *Means Duncan's multiple range test for different addition (column). *"’Means

Duncan's multiple range test for storage time (row).
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Table 20. Texture profile analysis.

Storage period (days)

Samples”
0 1 2 3 4
Control 0.25£0.03°® 0.3240.02°“ 0.51+0.03>® 0.53+0.03"® 0.7340.07"*
A 0.27+0.03°® 0.37£0.01°° 0.55+0.05"® 0.55+0.04"® 0.7640.05"*
Gumm
iness 0.20£0.03°  0.29£0.02%  0.39£0.06" 0.43+0.04® 0.5140.06*
C 0.21£0.0°°  0.35%£0.03°C 0.4740.03® 0.52+0.07"® 0.58+0.04*
D 0.404£0.04® 0.53+0.03* 0.70£0.06°® 0.7640.08*® 0.89+0.08**
Control 0.2440.02°® 0.3040.02° 0.484+0.03"® 0.49+0.03"® 0.67%£0.06°*
A 0.26+£0.03°® 0.34£0.01°° 0.51£0.05"® 0.50£0.04"® 0.6740.05"*
Chewi D dc dB dB dA
B 0.18+£0.01® 0.27£0.02% 0.37£0.05"® 0.40£0.04%® 0.48%0.06
—INness
C 0.20£0.01®  0.3340.03°C 0.4440.04® 0.48+0.06°® 0.55+0.02*
D 0.3740.03*"  0.4740.02°° 0.63+0.05® 0.664+0.07*® 0.77+£0.07**

DRefer to the legend Table 2.

All values are meantSD.

Mean®SD with different superscript within a column are significantly different (p<0.05) by Duncan's

multiple range test. * °Means Duncan's multiple range test for different addition (column). *""Means

Duncan's multiple range test for storage time (row).
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Fig. 12. Hardness change of steamed bread with brown rice sourdough

stater during storage.
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Fig. 13. Springiness of steamed bread with brown rice sourdough stater

during storage.
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during storage.
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Fig. 15. Gumminess of steamed bread with brown rice sourdough stater

during storage.
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Fig. 16. Chewiness of steamed bread with brown rice sourdough stater

during storage.
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Table 21. Sensory evaluation change of steamed bread with brown rice

sourdough stater during storage.

Storage period (days)

Samples”
0 1 2 3 4

Control 10.23+1.10° 10.14+1.40° 9.93£1.04°  9.79+1.11° 9.79+1.22"

A 11.01+1.57° 10.77+1.44> 10.56+1.22> 10.43+1.16° 10.16+1.17°

Color B 11.0241.00° 10.75%1.02° 10.65%1.82" 10.4542.01" 10.21%1.66"
C 11.74+1.03® 11.61£1.61* 11.39+1.68® 11.20+2.02%> 10.83+1.83°

D 12.53+1.51* 12.49+1.79* 12.35+1.51* 12.15%1.83* 11.95+1.33"

Control 8.43%0.86°* 8.20£0.85° 8.06+0.82°" 7.9240.72°*" 7.5540.74°"

A 9.60+1.08%% 10.13+1.23% 9.33£0.87%¢ 9.03+0.95%¢ 8.68+0.98

Flavoy 14.2240.91% 14.4440.97% 14.0140.87%P 13.7740.87°*F 13.45+0.85%
C  13.04%1.30" 13.35+1.37™ 12.97+1.31" 12.62+1.35"*P 11.93+1.18"

D 12.09%1.26%% 12.34+1.28% 12.02+1.39°* 11.68+1.16°*" 10.85+1.16®

Control 10.8741.23%* 10.7541.07%* 10.2241.04%" 9.8140.98%¢ 9.25+0.78

A 13.74£1.10* 13.93%1.08% 13.40+1.24"8 13.14+1.17"*P 12.82+40.84"

Taste B 14.2140.61%*P 14.4140.58%" 14.2540.56" 13.98+0.52*8 13.76+0.72%"
C  12.05+1.02°* 12.3440.96"* 12.0240.76°* 11.7940.70°*% 11.37+0.57"

D 9.34+1.02% 9.45+0.98%% 9.02+1.01°*" 8.79+1.16°*" 8.33+0.92°"

DRefer to the legend Table 2.

All values are meanzSD.

MeanxSD with different superscript within a column are significantly different (p<0.05) by Duncan's
multiple range test. * *Means Duncan's multiple range test for different addition (column). *“"Means

Duncan's multiple range test for storage time (row).
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Storage period (days)

Samples"
0 1 2 3 4
11.02+1.34 ] ) ) )
Control b 10.81£1.00° 10.54%1.48” 10.46%1.25° 10.23%1.10
10.39+1.47 ‘ , ) )
A b 10.15£1.40° 9.93%1.27 9.64£1.50 9.45£1.71
14.05%+1.99
Appearance B . 13.97+1.55% 13.77£1.46" 13.59+1.60° 13.14£2.02°
13.35+1.38 )
C 12.97+1.44° 12.99£1.83* 12.57£1.81" 12.33%1.42°

a

D 9.03+£1.09° 8.80+1.23% 8.55+1.10° 8.43+1.23° 8.23+1.10°

12.04+1.12
Control A 11.74£1.15" 11.63+1.05"* 11.25+1.27"*% 10.75+1.06°"
10.68+0.98
A N 10.65£0.94* 10.45£1.13°* 10.25+£1.00“*" 9.64+0.91%
13.66£0.88 R 5 B "
Texture B N 13.46£0.85" 13.35+0.86**" 13.05+0.81*"" 12.76+0.78
13.31+1.14
C B 13.04£1.19* 12.90£1.25**" 12.45+1.19**% 12.03+1.16""
9.76%1.00¢
D R 9.60+0.94*  9.43+1.00"" 9.02£1.01%*" 8.5540.94°"
10.75£1.09
Control pa  10.27+1.20°4° 10.11£1.24"° 9.7240.85""  9.55+0.83"
11.27+1.28
A oA 11.01£1.16"7 10.43+1.07° 10.38+1.07"*" 10.17£1.04""
I 13.44£1.00
Ofvera B o 13.53+1.00% 13.13£1.00%F 12.9420.80*F 12.55+0.94"
preference
12.83£1.22 R R 5 5
C A 13.04£0.75" 12.90£0.77** 12.71£0.90**" 12.08+0.64
9.10£1.08° ‘ ‘ ‘ ‘
D R 9.03+0.97°*" 8.64+0.84°*"C 8.35+0.89°%C 8.07+0.84C

URefr to the legend Table 2.

All values are meanzSD.

MeanzSD with different superscript within a column are significantly different (p<0.05) by Duncan's
multiple range test. * *Means Duncan's multiple range test for different addition (column). *“"Means

Duncan's multiple range test for storage time (row).
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Fig. 17. Color preferences change of steamed bread with brown rice

sourdough stater during storage.
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Fig. 18. Tastes preferences change of steamed bread with brown rice

sourdough stater during storage.
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Fig. 19. Flavor preferences change of steamed bread with brown rice

sourdough stater during storage.
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Fig. 20. Appearance preferences change of steamed bread with brown

rice sourdough stater during storage.
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Fig. 21. Texture preferences change of steamed bread with brown rice

sourdough stater during storage.
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ABSTRACT

Quality Characteristics of Steamed Bread with

Brown rice Sourdough starter.

Choe Dong Sun
Major in Food Service Management
Dept. of Hotel, Tourism and Restaurant
Management
Graduate School of Business Administratio

Hansung University

Making steamed bread from brown rice fermented starter, this research
analyzed pH, and TTA of brown rice sourdough stater was used, and
volume, specific volume, chromaticity, appearances, cross structure,
textural characteristics, sensory analysis, quality characteristics during
storage of the steamed bread to advance its quality considering
generalization and nutrition. brown rice fermented starter showed decrease
in pH, increase in TTA and decrease in Brix as time passed, meaning
significant difference. As for a brown rice fermented starter, it showed
decrease in pH, increase in TTA as time passed, meaning significant
difference depending on its fermentation time.

There was a significant difference in pH of TTA of the dough among
samples depending on proportion of the sourdough in steamed bread, and
sample with 20% of brown rice sourdough stater showed the biggest
increase in volume of steamed bread dough following its fermentation
time. As for its specific volume, sample with 20% of brown rice

sourdough stater showed the highest result in diameter, and control group
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was the highest in its height.

As for appearance and cross structure of the steamed bread, sample
with 20% of brown rice sourdough stater showed the biggest volume,
and as for chromaticity, sample with 40% of brown rice sourdough stater
showed the highest value of L, a, and b. As for its texture characteristics,
sample with 40% of brown rice sourdough stater was the highest in
hardness, gumminess, chewiness, and sample with 30% of brown rice
sourdough stater was the highest in springiness and cohesiveness.

As for the result of sensory analysis of steamed bread, sample with
40% of brown rice sourdough stater got the highest preference of color,
and sample with 20% of brown rice sourdough stater was the best in
overall preference including flavor, taste, texture and appearance.
Steamed bread with brown rice sourdough stater showed decrease in
moisture content from all the samples during storage, showed decrease
in pH as proportion of the sourdough increased, and accumulation in
TTA, meaning opposite inclination between pH and TTA.

As for texture characteristics, sample with 40% of brown rice sourdough
stater showed the highest result in hardness, gumminess, chewiness,
sample with 30% of brown rice sourdough stater showed the highest
result in springiness and cohesiveness, and sample with 20% of brown
rice sourdough stater showed the best result in flavor, taste, appearance,
and texture.

Analyzing overall preferences, therefore, sample with 20% of brown rice
sourdough stater was the highest, and sample with 40% of brown rice

sourdough stater was the lowest.

[Key Words] Brown rice, Brown rice Fermented starter,

Brown rice Sourdough stater, Steamed Bread,

Quality Characteristics
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