J East Asian Soc Dietary Life
24(6): 883 ~895 (2014)
http://dx.doi.org/10.17495/easd1.2014.12.24.6.883

883

= X = % 5 iz
gRuj2-4 HAYEZT AYo| JIRE Yol P2Y Muwo| EW SN
AT DMFET 0|5 e s

Teigtn ze|etd, MR A5, AR g 947 @, Al

Quality Characteristics of Korean Wheat Bread prepared with Naturally Fermented
Blueberry-Rice Starter and Purple Rice Flour

Sang-Ho Choi', Sang-Jin Ko”, Seong-Byum Lee’ and Hyo-Suk Kim*

'Dept. of Culinary Science, Honam University, Gwangju 506-714, Korea
2Susubori Food Co., Ltd, Namyangju 472-835, Korea
*Dept. of Food-Service Management, Semyung University, Jecheon 390-711, Korea
*Daesun Flour Mills Co.,Ltd, Seoul 100-801, Korea

ABSTRACT

This study investigated quality characteristics of pan breads prepared with 0, 10, 20, 30 and 40% purple rice flour and
naturally fermented blueberry-rice starters. RVA (Rapid Visco Analyzer) analysis showed that wheat flour retrogradation was
not retarded by addition of purple rice flour. Using amylography, gelatinization tem. perature of purple rice flour samples was
higher than that of the control, whereas maximum viscosity temperature. and maximum viscosity of purple rice flour samples
were lower than those of the control. Weights of pan breads containing purple rice flour were lower than that of the control,
whereas volume, specific volume and baking loss rate were higher than those of the control. The anthocyanin contents and
antioxidative activites as measured by DPPH radical scavenging activity of breads increased as the concentration of purple
rice flour increased. The moisture content of pan breads containing purple rice flour decreased as storage time increased. The
pH of breads containing purple rice flour was higher than that of the control. Color L value decreased, whereas a and b values
increased significantly, as storage time increased. In texture analyzer measurement, hardness of breads containing purple rice
flour significantly increased as storage time increased. Breads containing 10~20% purple rice flour showed acceptable sensory
properties, such as mouth feel, appearance, flavor, texture, taste and overall acceptability.

Key words : Naturally fermented blueberry-rice starter, purple rice powder, Korean wheat bread, quality characteristics

N e

Z 2 A3Fe g3l vest FAVE SHE L, 7154 A
off gk &mjrpe] FAafo] szopel mhe} o glojA e 2]
A2 AERd B 5o 9 7l Ael BekE

Y N SR T O AAMLE TR 75 Al
Z7FskaL Ath(Choi ID 2010). 7154 Aol
< ngstste] 7l E SdistAd, 71 2
o] YA FE 2L EZE 7t e AEAA

|
& % WPE A5ad ALE BE

I © o

o

X

[o
=)
0% ©
o
Lﬁ%
1>
o
o
o
offt
Jo
ml
il
()

* Comresponding author : Sang-Jin Ko, Tel : +82-10-3901-0400, Fax :
+82-2-6280-3253, E-mail : sjnaturalfood@gmail.com

& FFE Ao FAA, AL, A G o] 2 Thg
% EAAA el = g

2] zd
HIER, Exs it 535 ohd data olo] 35 &
Aksl 5ol &7 QA FEA 7]5S Mk, Wy
< ASAA wshiA] 2 Arlo g7} Q1 E o] 2] ES)
Ho@ o] 877} =& Ao HE 3 ¢t Choi & Oh
1996, Wang H et al 1997). ©]&13+ FAujo] &3t AT2E
7157 o] gatel g3 2 FY2HE giAL el B33 A
T-(Jang YJ 2004), 210 ogte FEEo] gitsl 24 A



884 A4 w7

o](Nam SH et al 2003), A+4-ZH —%% o] ikl F3KChi
HY et al 2005), 241 QFEAloPd P4 A7 (Yoon M et
al 1997), Au] FZE-9] 3akg} %m 2 okx) 3 A A A &}
(Park SH ef al 2007) <] A&l &gt Haur) ok
*“Ulé o]-§-g+ thFet A F el B3 AFEEE A
A ef 247 fAm| S o] ot AEE Al x3 ¥, o3t
gbd B4 2 #5d EAS Blwdk A74Kim MS et al 1999),
AT A7F fake] ] A3 A (Lee YS et al 2002),
GABA 3o] =2 24 {§-4n|Z o] g3t 2} 7 (Kwak EJ
2010), F-Am)(F9 415%5) 71H22] AWA 7 E(Kang & Nam
1999)¢} S| 7} 2who] F2 54 A(Lee KS ef al 2005,
Im & Lee 2010), +20] M7}y ggiio] e 3o
Z2 EAJol] #3t A75Shin & Lee 2004), 521 M7} T4
£4 E(Moon BK et al 2008) 5°| th
HZ AW A HRpe] A7te el AAzIstA ol
A7A A Q] A =-f(sourdough) "ol thEk THsE A -9}
FEISPE R k. o2 g A== AlellA] &R
) %%}11191 = %ﬂl 2sMg, dFE, A= 2 A
] % 1\“4<Kim & Chun 2008a). H=F
< 34 59 A= Jd& A%
2= 3 91£H% Rl %E 553 gty kg Al A
Zo] BEAJo] /| HE] (Lee UG 1995),
o] A&} (Shin & Kim 2001), A&
A4 AA G371 Aok ok(Lee

o

LRl ot nlAE o)
g 03?‘5&2: wom 3] ity aRUt %ﬁﬂl*@gi/ﬂ,
W 52 o] F njAEo] wEd F8sle] AR =S B
AR = FoZ dHA o, el HEE B A7t o
27 ghti(Chung HC 2008). AF %=-$-0] J&L A T2 E sour-
dough %7} He]awol &3k A+ (Ryu & Kim 2005, Hong
JH et al 2000), sourdough thA|7} whe] 2 & J(Kim & Chun
20082) F EE|d EAC vlX = Jgo T AFHKim &
Hwang 2004), --2H13} ¥] 36 272 AF8-3F sourdough®] 2
EE5*J(Chae DJ et al 2010), Probiotics- &% H]-&S &e|d}
o] A %3} sourdough A" 5-4J(Chae DS et al 2011), T= &
NES gk 2wl 3 AG4(Kim YE et al 2011, Lee
JH et al 2008, Lee JH et al 2007) & $-2] 2S5 o] &3} sour-
dough stater 54 % 2o Z2 EAdof| T3 A7(An HL
et al 2009, An & Lee 2009), 1 E= HALF NS o] &3 A
THKim & Chun 2009, Kim & Chun 2008b) S| )
wbs] B oA HHE(Choi SH 2013, Choi & Lee
2014)o A Az AATF NS o] g3lo] HA BETS 7
Eol yeast Al H7IskaL 71574 FAmle] dER1 A3

7S tAE elE E929 olskeha 543 oA E ol

ol - A= HOoFA o} RATHEETE

g3le] Az Auke] 7|AA B4 4 #eE 5L 435
04 A&} 7154 Aste Sl W A xs] 98 1%
A8 5 Algstaal sk
ME o dhy
1. A=
AQuaest 4w Az AHgR BFH(EE 3
20, B A, AR, (HALAD), EHF A

) 4

+, &), FEIR7FREAD), B e, A9’

EEAYR)E AF

AAA A2 FEA]
gl M Al

FHA &), ol
Fele] AMgaieT). favl 3
25 7 AgnE UEE 9%

Al
EE Pl A3

1) E 2 H|z|-4+ i-loquLéO_hlzg_ M=
B e 20% H7F S5
A=)

2013)3 & 140% %
AR Aol 71 2

A E A (Choi SH
A7F 2 AALFN(Choi & Lee 2014)°]
Sasljomz o] F HAWL NS 0] 85
o & Hﬂﬂ-’é‘ AANFNS Az} = 545 300 g,
A=t 60 g, EFHIE 300 g, & 420 g Fo] wRkgk U2, 27C
incubatorol| A 547t viFEE & 60 mesh A= o] F}sle] Al
st A AR NF-S Freund W(2006)2] multiple-stage™
< AP Azt 0€-2 21 300 g2 7]
HAL g 300 g2 EF3F T, 192 27Tl A 2447 vl
shar, 292 12} mi ke BFu e %}z& 600 g 5
300 g& F3sto] -2l 600 g2t & 600 g EF3t] THA
27CoA 24413 v gstai on, 39 2= 23 v 22
AA FEF 1,500 g T 600 g= FH3sle] 21 1,200 g2} &
1,200 g& &3tate] 27Co|A 241752 A=) vl ksto] AL
&3k

Mofgts

2w A Zol] A
7FE 100%2 71E3td ZF A1 252 Baker’s percentZ
el on, EFuE- AT 22 50% Areta, 2 TE
7o 2 AFn] RS 10%, 20%, 30%, 40%= 3 71eke]
A 5k T tﬂ?ﬂ Hl——frﬂ(Model HZ, Hobart Co. Ltd., USA)

2) HAWEED XZo|E HYIs L2/Y Ay Xx
=i

oo
(ol
rE
HN
1o
=
ol
z
rr
s
=N
o
[
my 0
i)
i

o BE MRS 7 ¥ AKdA 2%, aselA 9%
et E %‘3}M olu] RES2=E 27CR Si9laL, 13k 2

L
R

AT 80%ClA] 3AIZF Bk BEAI7] TS 5

7¢C, =
4 28 F 52UV sto] AN 087 FEE A]

(IQ



24(6): 883 ~895 (2014)

Table 1. Formula for Korean wheat bread added with blueberry-rice starter and purple rice flour
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Ingredients (%) Samples”

SO S10 S20 S30 S40
Wheat flour 100 90 80 70 60
Blueberry-rice starter 50 50 50 50 50
Purple rice flour 0 10 20 30 40
Water 49 49 49 49 49
Butter 6.25 6.25 6.25 6.25 6.25
Sugar 10 10 10 10 10
Powdered skim milk 2.5 2.5 2.5 2.5 2.5
Salt 2.5 2.5 2.5 2.5 2.5

V'S0 : Pan bread added with 0% purple rice flour.
S10: Pan bread added with 10% purple rice flour.
S20: Pan bread added with 20% purple rice flour.
S30: Pan bread added with 30% purple rice flour.
S40: Pan bread added with 40% purple rice flour.

Atk ¥k=-& Y3t 38T, FUEE 85%2] LE|AA 2

1 UEE 3 F SE 2% 180T, ofE &%
190C& 9 2 E(FDO-7102, Daeyung Bakery Machinery Co.
Ltd., Seoul, Korea)ol] o] 25837F 7ol 747 2wk A
204 &3] WY T polyethylene vinyl bagell o] 25T
A 5L At A ARESRATh

3) detdw 24

AOACR(1990)°] whe} 232 105T 718,
B2 550C ZH 33, 29AE RS micro-Kjeldahl
HE AT RE AlEe

Tgkez Yehiith

4) 28tz =3
&3} Rapid Visco Analyser(RVA, Model 3D, Newport
Scentific, Australia)S ©|-&3lo] Z43}t}. $-2ld =} #}40]

S8 h YR 65 goll ARgm] ZHR(E7HE A 10%, 20
%, 30%, 40% H7het THRTE T AN 450 mLE bowl
o €3 IAEE 75 ;ppmOE 25T 252 30£02TE %=
As}aL, 25TolA 95C7HA] 1.5T/mine] HI & & S22 A5
AZIHA HEstE Stk SHMAIRE 25THE A

Helo] saINLE, AndEes 2 HndE 52 24

= S3te] Aol FuE Fakich H]-8-H(specific volume.
A= el kit =

7] S %S T F oA st Aol 29
L=l

)
rlo
X
o,
i
1>
oE
Lo
4

. _ _ 7] A Hl==o] B =] RviAs) % A ol o 2 A 7fe] AlE
7HE B 3.5 goll SR 25.0 mLE HUlete] dgdE zed S :‘T# A < 1JJ—°]’M‘_—4’ 2171 o & Al 79 Al
& 2330 BRFS ol Agalgon], §7] £uge o

TE Z 1R 5T S5 25Tl 95T/ 7t g ot
o, TAl 123 5TR 95TellA 50C7HA] W2atsich. sshl
Aok, HuAE, Huds Fo Yehve AARE, Hud
ToX HA =S W 32l breakdowndt HEAE, FH=HA
Tolld HA H=E M Fhel setbackS ZAFSIATH

5) Amylograph &3
Amylograph 54 =42 AACC "'H(2000)° w2} amy-
lograph(ASG-6, Brabender Co., Ltd., Germany)E A}8-3}<

w2l Ao Faigitt

Baking loss rate(%) =

(Dough weight—Breadweight)

- X
Dough weight 100

A
P S F4 HCL=85:13:2, viv/v)
2 48713t A stk W



886 s - 237 -

om PEAOPIS FEIAGL FEAE T2 ol
F ol 2ol 3081 WA, 35 ] FREE 5
Akl % 3 2w 4

8) DPPH Radical &~7= &4

DPPH radical®l] th3F 27242 Blois2] #H(1958)=
=33tk 2 AR 6 goll 70% EHe 24 g & ¥
Qb A £, 3,600 rpmel| A 30 B U4l s
Aol AJAIZ T A3 1 mLol| S/ 9 mLE 4
Al&E THEo], Al& 3 mL9} 80% DPPH €9 2 mL
£ 78l 42§ gaolA 308 B9 HESAIZ] & Spectro-
photometer(UV mini 1240, Shimadzu, Japan)E ©]|-8-3}] 517
nmol| FFEE SAsI o, oo A& ALttt o]
W] 70% LSS A ATl FRES UETE )

K

—orh

Ll
o

325
MN @ ML

aﬂmﬁ
rlo mlm

ol

DPPH radical 424 %5(%)=

AEHATY EBE
= grae w100

9) M| ME7V[Z & FE HSH25T, 52)

610, Kett Electric Laboratory, Japan)
3 F 3 BIRE olgsrk

(2) pH &3

pHE 21%-2] crumb F8 10 g& SFF
B3 FAS @ T SED PAY O, 42
(Model PB-10, Sartorias, Germany)= 33] &
T E YeEpfiRdt.

50 mLof] ¥ 5
Z-Z pH meter

24 3)e]

AZ & MEZA(CR-300 series Minolta Co.,
Japan)E ARgste] 43I, 2 AR L(EE), a(AA
%), b(FAE)aks 33] S5t HagteE JeEhlen,
olwj A}-8-¥ calibration plate™ L: 94.50, a: 0.3032, b: 0.3193
oth

(4) Texture &8
21o] texture &7 texture analyzer(Model TA-XT2i, A
ZAFY, England)E AHE-ate] 2wha A2oA W7zt & E

HOoFA o} RATHEETE

ofgldl o] Wy 59 FoF AL(257)0A BHash, A%
(hardness), BF2]d(springiness), -5-%/J(cohesiveness), H??j“é
(chewiness), % 2Md(gumminess)= S350t SHZAL tes
speed 1.0 mm/s, distance 10.0 mmy/s, trigger force 10.0 g, pro-

be diameter 10.0 mm It}

10) TH=HI}

23] A7y Ae 9 Bl - AL 3] AEl &
AEHE 2] 377t A F dAleldich #edAl &
AL ugA L A - 307, o34 - 207, BEE
27.54)) 509 Aol 2w A A7) (7x7x
et A Aol "ol Al gstdia, ¢ o] AlRE

WAl AER YJokS 7 e ARE HIBEE 81

\S}
)
i

o}t A E Ml ES wlE AIES T8 2 10~114,
L5 2~3A] Atelell F Aol AA Hrlstslon, o, &,

L2217t AnkAel 7135 S 90f HEWOoR Vet &
P

2
5% e 458 FES A0 : e Qo Bk, 59
3

(ANOVA)Z} p<0.05
EAA goHe A

lo M &
2orf g W
w2
>
Ne)
K
il
]
o
rulo
>,
ofo
o
£
ol
o)
©
o
38
v
X HE

HU

1. Xj2to|o| 2dtMdE EA 3l DPPH Radical &M=

Apgn] 74 dubgdE 9 DPPH radical 27%S 7%
gt A= Table 291 2T} 23] 7FFo] kil 2 8.48%,
Z3| 5 0.487%, FEITFHS 12.12%2 YEFEC ™, DPPH ra-
dical 2% < 88.78%% =7 et Nam YJ(2007) A
Toll A Agm)e] kA 8.96%, 23| 1.66%, TE-3HE
15.34%% YEIY T4 2fo]E H oY, DPPH radlcal AA
T2 88.60%= frAFSHAl UFERSITE 18] a 2 Aol ARE-gh
LB L e 2ehlA 11.76%, Z3]5 0.444%, TR 13.5%
At

2. HOILEZT XYo|S HIIE Awel BN S4

EFu2]-4E2 Agn] A7) vEse] RVAQ] 93 5315
AL Table 33 2t} TIPRA == tHEF7} 68.25TC, =
1] H7FTEL 86.50~91.30C W= e, 23] 30%



24(6): 883 ~895 (2014)

A A} el B4 54 557

Table 2. Proximate composition and DPPH radical scavenging activity of purple rice flour

Moisture Crude protein Crude ash DPPH
Purple rice flour (%) 12.1240.10 8.48+0.12 0.487+0.011 88.78+0.85
Korean wheat flour (%) 13.50+0.20 11.76+0.20 0.440+0.021 -

Table 3. Rapid visco analyzer(RVA) on Korean wheat flour fermented with blueberry-rice starter and purple rice flour

Samples” Pasting temp. Peak viscosity  Holding viscosity  Final viscosity Break down Set back
P () P (RVU) H (RVU) F (RVU) P-H (RVU) F-H (RVU)
S0 68.25+0.20°2 1,498.0+1.4° 967.0+1.2° 1,998.0+2.3° 531.0+1.5¢ 1,031.0+1.0¢
S1 88.05+0.03° 1,678.0+1.0° 1,001.02.6° 2,093.0+3.7° 677.0£2.1° 1,091.0+2.8°
S2 91.30+0.05* 1,443.043.2° 857.0+2.0° 1,899.0+4.6° 586.0+1.8° 1,042.042.0°
S3 90.45+1.10° 1,252.0+2.5¢ 689.0+4.3¢ 1,730.0+5.0° 563.04+2.4° 1,041.0+1.7°
S4 86.50+0.08¢ 1,216.048.4° 678.0+6.2° 1,860.0+3.6% 538.0+1.3¢ 1,182.049.2°
F-value 22,667.2°" 4306.917" 5,907.62°"° 4,52821°" 4,736.59"" 67573
* p<0.001.

D Refer to the legend of Table 1.

D 2~¢ Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).
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Table 4. Amylogram characteristics of Korean wheat flour with purple rice flour

Samples” Gelatinization temperature (‘C)  Maximum viscosity temperature (C) Maximum viscosity (AU)
S0 61.8+0.4°2 91.1£0.1° 855.0+1.5°
St 62.1£0.1° 90.2+0.2° 745.0+2.3°
S2 62.0+0.5 90.1+0.4° 648.0+1.8°
S3 62.3+0.2° 89.8+0.2° 616.0+4.8"
S4 62.7+0.6" 89.9+0.1° 602.0+2.0°
F-value 2.14N89) 15.40™ 4,638.26™"
™ p<0.001.

Refer to the legend of Table 1.

2)

» NS Not significant.

w
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Table 5. Weight, volume, specific loaf volume and baking
blueberry-rice starter and purple rice flour

multiple range test (p<0.05).

HZET7(8.00%), A37] 30% 79} 40% H7H= felF
Ql Aol7h gldar Ag1] 10% H7HH7.00)9F 20% H7H*
(7.90)= tZ&FETE LE3UTHp<0.001). AHF0E H7Hd4=
w7l A& 7RI e, WertRe Sk Ao ¢
2] 2wl A = (Lee HS 2001) F-Al = H7heo] 71845
w7 £dEo] F7kete] B A7Aze} kst

4) otEAJOl- ZHEE 9 DPPH Radical &M=

EFE-AE A0 7S HUReE Awhe] QEEA|o}
J =8 2 DPPH radical 2A%S 52413t A3} Table 6
¥ 2k 2] EAloPd S 35.09%%0 o1, AHg]
7= 36.03~54.79%= VERSLTE Apgw] A rteko] St
45 dEAM FEFe Frtste] A 40% M7
7S E3tH(p<0.001). Z0)= el wel anthocyanin
kol o3-S v XM (Hiemori M et al 2009), Gl thalx &
vl wA kAol ol Aoz AFH vl JthYoon IM et al

loss rate of Korean wheat bread prepared with fermented

Samples” Weight(g) Volume(mL) Specific loaf volume (mL/g) Baking loss rate(%)
SO 464.0£2.0? 1,580.0+3.0° 3.39+0.01° 8.00£0.10®
S10 450.0+3.0° 1,560.0+4.0° 3.46+0.01° 7.00£0.20°
$20 462.0+1.0° 1,735.0+1.0° 3.75+0.01° 7.90+0.10°
S$30 395.0+2.0¢ 1,350.0+2.0¢ 3.41£0.01° 8.00+0.20"
S40 425.0+3.0° 1,190.0+3.0° 2.79+0.01° 8.20+0.05

F-value 473177 1,7536.5" 1,944.73" 32.49™

™ p<0.001.

D Refer to the legend of Table 1.
2 274 Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).
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Table 6. Residual anthocyanin contents and DPPH radical
scavenging activity of Korean wheat bread prepared with
blueberry-rice fermented starter and purple rice flour

g A7k 2wl

Samples” Residual anthocyanin (%) DPPH (%)
S0 35.09+0.57% 8.38+0.48°
S10 36.03+0.63° 36.80+0.12°
$20 40.65+2.49° 37.25+0.27%®
S30 41.55£1.01° 37.49+0.41%°
S40 54.79+3.73 37.89+0.43
F-value 42,53 3,679.95™
™ p<0.001.

D Refer to the legend of Table 1.
? 27¢ Means with the same letter in column are not signi-
ficantly different by Duncan's multiple range test (p<0.05).

1997). AF41]2] anthocyanin GA] Gol| ¢ ste] S 12
Fol = QtEAloPd 7HEgo] w2 Zoz AZHch

DPPH radical 34} £29] Atz 52 13) radical
| Aol Afe] e ApAo] GAE] = H 2 gHitkst
=3 sted g ol&5a th AAge el F4=
radicalell HAE Fofste] o] & SUAT|AY Al
TEo] A 7t kstE & Jeh B R, HdAbge] &
AE Zo] gPakslEe] HE 2 ALgE Wal opz) QA
WellAl =3k5 AAshe 2832 #o] Sl AR defA
UTHIm & Lee 2010). EFW2]- &3} A3 755 A7t
3k 2lwo]l DPPH radical £2A5S AHE 23y, dz27E
8.38%, AFEm] H7lES 36.79~37.89%= VEREoW, <13
vl H7}eFo] F71eFE DPPH radical 227 %5°] =4 UE}
WYoHp<0.001). 3071 7 D7 21%HOh YA et al 2001,
Jung & Eun 2003)3} & 2J#KIm & Lee 2010)°|A] Sn|7}5
A7} ¥l&o] 7 3ol v}l DPPH radical 4275 °] 57t
= Ao} RS Sn7bE ot A Aol A iks)
Z/do] EolA= olfr= 19| tEAJobdo] AW 2
NAE 83| EHZEo] DPPH radical &7 Ao 7|43}
7] W #olg}tal & Edl(Im & Lee 2010), 3 Aol =24
n| A7} vl &o] F7heel wet QFEAlold e FUlet
gomg ctEAloldo] DPPH radical &7 4o 7133 A
° & Atg 9t} Chi HY ef al(2005)9] Aol A 232w 3
ZEo] s o dFEH O vlel =2 itkst 2t ok
3 B3k vt Qlof, ARgm] TRl EE 2 Aeldd A
50| gtslgel Y-S nH Aoz Azt

<

fo rr ox o

oo Xt off

5) Atgo| &7t Aol MVt T FE #ist

4 54 889

(1) =2z A pH B3}

EFule]- A 2Rgn] 7FRE UK AW 25CollA] 5
AzF AN g viskE v E 23 Fig 13 2
th A% 1€elle 279 3ol 39.1%R 3, ARgH] 3
7htE 38.7~39.3%% WER, 2R34T 10%2F 20% 7
NETET o] wsken, A& s £
st sl A BHAth(p<0.001). Gi JL(2012)9]
TollA AL 2 S VHRE AU E A 7
o] fhadle] B Aol 22 AE Bt di2Te A
713ko] AR o] ] fdasiien, A
7 3do] AVAAN FE53HA aste e Kol A7
b Bt o] MskE B th(p<0.001). AHgH] A7

A% 594 Y S FREEFS BATHp<0.001). HRHA
o2 23] 10%$} 20% H7 e E2RFEY vgaA =AY
Frel A<l zpel 7t il o, Apdw| 30%2}F 40% A7 o
TR e FEEES Btk

EFue-2E T A3 7FRE AUEsE AuS 25T o)A
5UZF AASAA pH WHELE A E Ay Fig 29 2tk
A 1Y gz pHE 4460|031, A3 H7HE25.10
~5412 TR 24 Jelgion, 3] Mol 7t
45 pHE S8 WES2] pHE AlWA] o] ~EQ] ¥
F&co] 9GS nA 1, pHE H7HE B3 499 T,
A5 AE Ay Soll &S wretha sk thMoon
& Park 2008). 18] yeast®] ASF7L pH 5.0 F=o| 11,
LRI KA pHE A8 H, T& A pH A3t F ==
A8 vFo] ghE k8o g wrettn B aE Yt (Ma-

45 4
40 A
35 A

30 4

Moisture content (3:)

25 A

20

Storage period (day)

——C = 510 :cdhec 520 =—S==530 =M= 540

Fig. 1. Changes of moisture contents for Korean wheat
bread prepared with fermented blueberry-rice starter and pur-
ple rice flour during storage period at 25TC.

D Refer to the legend of Table 1.
? Mean of three determinations.
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pH
w
o
=1

1 2 3 4 5
Storage period (days)

—— =] =500 e 530 =——S40

Fig. 2. Changes of pH for Korean wheat bread prepared
with fermented blueberry-rice starter and purple rice flour
during storage period at 25T.

D Refer to the legend of Table 1.
? Mean of three determinations.

goffin & Hoseney 1974). gk AMHA] whseo] W&o} &
A7k B48 L pH 5.5 F2oxE eBg A o]A] vk pH 5.0
ofgtoll A= &R 2go] "ol 1L, 7k HFHo| ofshe
ot 3193 th(Magoffin & Hoseney 1974). & 7oA &3]
A7) Aol pH7F 5.1~5.41 =2 YeRY, Wl 233 pH
= 7H Zolgt & vk AR R AR Ed di2T
o pHE A% 3¢ ot Fagivrt gl S7lskl e, At
Aoz Z WskeE gtk 2Rgn] A7EE AR w1t
2 Wsp) o, A% 5Y 2T pHYt 4.47, A
A7V pH7F 5.11~5.49% Velsteh. 2Rgm] H7bke] #
=5 pHE w%em, ABgn] 40% H7H7F 7 =2 pH
£ Hth

(2) Mz

el AE T Zpgn) d7E Ae 25CellA 5Lt A
Aol Az Wals 243 A= Table 70 JERASITH
HE L 2771 65.710]19 1, A3 H7HE0] 52.16
~63.290]91 oM, =77t ARgv] AH7bE B Lake =
Al Yo (p<0.001) 230 E H71ekeE He L3k
a3tk A7Ize] AAdSE glx2Te] e Lakd
7¥etrt A7 3ol AvA tha Fadhe s B
W(p<0.05), 23] H7bate A7)zke] Aojd s ha
of 2174713kl whE o4 <1 Aol 7F AUAATHp<0.001, p<0.0
p<0.05).

AT aghe 27 —1.20, AHBw] 7S] 0.25~
3.572 Agn] FArbrEe] xR o =4 JERdthp<
0.001). 23w F7Fgol wet AA % aglle S7Fete] Al 83t

S fo ol oY H

—_

oMo} fekiRa s

o] o148l xpol7} AUATHP<0.001). HEFE 77|70l
ANGFE AN gho] vroly om, 234n] 10~30% 7}
TEE AA7|3k0] Aojd 4= AA % agro] gk v, 2}

Fe Frhele] e AunE u

o
=
N
Q
X
21_:‘
N
T
=
Y
o3
N
L

Atk (p<0.05, p<0.001).
1A = bk AF3| A 7FH10.01~12.55)7F T 2749.33)
Hr} o A JeRETHp<0.001). A A717E ok thxTe] 3

9 bgke FelHel Holrk giglont, Age] HrkEe A
A712te] Ao A% FAE bkl ool A1 Bt
Faze] W3S

=
o] W3l= HYthp<0.01). ol& UI}F e AV}
of FnA1RE A ueld FuslRE AESE o
EAjohde] AApato] ZaA WA BAA o2 Aol o} g
A3 AMEs} SheTke 23ksh SARRHTHIm & Lee
2010, Jung DS et al 2002, Lee JH et al 2007).

(3) Texture

EFue]- a2 Apgn] A7b Aus 25CodlA 5U3E A
el texture H3}E =73 ZAI= Table 83 2t} A=
(hardness)= 277} 378.1011 31, Ap31] 7ol 324.8~
909.7% e, A431] 10% H7FE AlLstae 275
o AE7 H =30 (p<0.001), AHEH] Hrbko] BeE
e STV dxTe A47I3te] BHedrE A
7} Zold A% 59 645.1% 7HF B gL HATHp<
0.001). Apgm] H7MFE AA7|3E T A EH o2 Frfst
o A% 54A 7MY T AEE BATH(p<0.001). 07}
A7} Aol M(Im & Lee 2010) E0]7H¢ 7hefo] Sl
5 Axrt S7kste] 2 Aot AR 23S Bk A
o] Axe 9= & F dv 8Q10 R W] SR, o,
crumb 7182 W P Fo] glow, Jn| Hrike] S71et
of whe} Aol K37} haeta, WiR-e] 718 A717F =1
A A7t FolRltka S+ tHim & Lee 2010). E70%
A7t 21KGi & Jeong 2013)ZF AU FZ M7} 2" (Park
SH et al 2009)9X = F-AH8E 71842 A=rt S71619
on, o]z FAge] HrtEe] S7HESE 26 d4do] 2
aEo] Fu7F g o R ARrt FolAl HAva B
w3tk wkEe] T3 EA O w3t H st 7P Zd A
v 40% Aol A7t 7Y E=90t) 2-3 4 (cohesiveness)
< gZ2771 035901022, AR HI7REe] 0.244~0.4272
el 2Agn S 7S 33402 Ak thp<0.001).
7ot 2pgn] A7 BF A7l a8
/3& oA th(p<0.001). ©H=1d(Springiness) tZ7+0.772)
2} A=gm) 20% F7FHH0.790)7F | =9ka, ARgn| Aohe
o] W s v AAasthp<0.001). #7713kl A
s gzt gEALe WstE Ho A% 5Y 08412
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Table 7. Color of Korean wheat bread prepared with fermented blueberry-rice starter and purple rice flour during storage

period at 25T

Storage period(days)

Hunter Samples”) F-value
color value 1 2 3 4 5
S0 ABE5.71+0.852  AB64.20+0.65° 266.87+2.77° €60.80+2.23° B5C63.36+0.49" 5.75"
S10 BC63.29+0.46° 468.12+1.60° B64.75+2.74° BC62.87+1.46° €60.64+1.45° 7.86"
S20 BC57.93+1.08° 264.33+1.78° 560.59+1.23° €55.99+1.84"  5¢57.83x1.59" 13.24™
- S30 AB56 82+1.69¢ 260.06+1.77° B54.32+0.91° B54.38+1.85° B5535+2.36° 5.39"
S40 452.16£0.64°  *P51.00+0.06 451.47+0.94° 549.19+1.71°  P50.13£1.12° 3.64"
F-value 80.36™" 68.71"" 35.32" 25.92" 32.88™
SO A—1.2040.00° BC—1.34+0.07° *—1.2420.04° AB—126+0.02¢ *—1.4120.04° 10.18™
S10 £0.25+0.08¢ 50.11+0.04¢ 50.05+0.03¢ 50.11£0.01°  ©—0.16+0.10" 15.55™
S20 A1.36+0.21° A1.1340.31° A1.2240.27° A1.60+0.43° A1.2640.12° 1.17
! S30 AB) 36+0.16° 42.55+0.31° €1.92+0.08" B€2.06+0.23° B€2.070.10° 4.82°
S40 AB3 57+0.03° A3.6340.01° A3.70+0.17° B3.28+0.30° A3 83+0.17 3.98"
F-value 626.45™" 271.70™" 455.51™ 136.82"" 881.82""
S0 49.33+0.172° A8.72+0.12° 49.56+0.14° 48.32+0.91° A8.68+0.57¢ 3.19
S10 $10.01£0.79¢ A11.21£0.14° 89.79+0.13° 59.86+0.47° 59.610.24° 6.49"
S$20 A11.10+0.30% 211.28+0.37° 210.97+0.64% £10.23+1.24% 410.70+0.50° 1.02
° S30 511.94+0.16° A13.07+0.81° €10.83+0.10°  B€11.08+0.69®  5€11.35+0.18° 9.93"
S40 A12.55+1.17° 412.39+0.25° £12.43+0.36 A11.76+0.57° 412.26+0.32° 2.14
F-value 32.82" 4587 32.85™ 7.50" 38.45™

s

T p<0.01, ™ p<0.001.
D Refer to the legend of Table 1.

? 2~¢ Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).
A~C Means with the same letter in row are not significantly different by Duncan's multiple range test (p<0.05).

7kt o, A 30% H7HE A9l g Agn] Ao
S A7I3to] AoldeE Fadhe Ade Btk a9
AR 30% M7 A 47 et seA) &
7kste] & Ado] 7HE w7 e TH(p<0.001). A<l 4
(Gumminess)< 231 10% 2 7FE7F 0.1252 71 ko,
Zp33u] 20% H 77 029002 7 =9 tHp<0.001). A7
713ke] oS tzTe] A 2 Wbt giglod, A
Fn| A7bEe A7 Bt Fs] sk thp<0.001).
4137 (Chewiness)2 thZT7}F 1.1349 1, A31] 10% H7}
T7F0.958= 71 wEskom, 23] 40% H7H7F 1.795%
7P A dehd A A7kl BEs 7S
(p<0.001). tHE=T-9] AL 43713 Bt A 2ol
S HolA| @gkov, Agn| Ui AA7)3te] dojd
5 faste frel#el AkelE Bt (p<0.001).

6) ZHsEot

EFue-2E 2pgn] Ao Ao 7S w 7t A=
Table 99} o] et Ale] 70 thxTr T} 2p3n] 10%
A7V O Foha grtsislon, AlERke] foHQl Aol
2 BAtHp<0.001). 2JFo] 7|5EE ] 10%, 20% 2
7hre ti2Tt e oA 2bol 7t gl e, A3 40%
7H71 3.602-2 71 Sikth(p<0.01). S]] VEEE thE
T7F ARgR] bR O Ekouh o)Al Atol= il
o A7ke] NZ=E A3 10% 3 71H46.40), 20% H7H-
(6.20) o= =3k, AHm| Hrtero] F7kghel whel A3t
o] N3 %E A thp<0.001). Be] 713%E #43u] 10
% 71k 20% 7 242t 7.00, 65008 2 H5E A9
om, 2p3u] 30% H7H7F 32002 7HE Shth(p<0.001).
AW 71Tl Agr] 20% A7 A3 10% A

N
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Table 8. Texture properties of Korean wheat bread prepared with fermented

during storage period at 25T

o144

HOoFA o} RATHEETE

blueberry-rice starter and purple rice flour

Texture

Storage period(days)

. Samples" F-value
properties 1 2 3 4 5
S0 €378.1 9.6 5434.6429.1° A567.0+8.0° 5498.5+20.4¢ A645.4+5.1° 24361
S10 ©324.8 +24.5° 4476.3+23.3¢ 2482.4+6.3¢ P396.1427.1° 5436.6+18.7 58.62""
Hardness S20 B524.84£19.6° A536.3+20.8° A555.7+31.7° A576.2430.3¢ 4569.8+8.2¢ 34.52"
(g/em’) S30  P551.1 +29.3° 4626.1421.1° 4619.7+10.8" A686.9+16.17°  4623.4+30.1° 8.25™
S40 €909.7 + 4.1° 8967.5+12.3° €864.5+44.3" B955.1£27.8°  *1,112.0+20.6" 51.70""
F-value 839.70™" 370.86™ 137.15™ 261.13™ 592.67°
SO 40.359+0.023° 20.342+0.001"°  0.246+0.008°  0.230+0.007*°  0.212+0.005° 100.32""
S10 A0.42740.012°  0.372+0.029°  €0.269+0.018*  P0.218+0.005*  P0.195+0.007° 104.99™"
Cohesive- S20 20.408+0.016"  "0.324+0.029°  €0.241+£0.007°  €0.225+0.002°  P0.195+0.005°  86.45""
ness S30 20.298+0.018° B0.274+0.013°  ®0.279+£0.004*  €0.219+£0.015*  P0.191+0.003°  45.69™
S40 20.244+0.004* 50.19120.017¢  P0.211£0.018°  €0.137+0.016°  €0.115+0.003°  52.54""
F-value 66.34™" 33.78"™ 12.95™ 72.28™ 102.16™"
S0 AB0,772+£0.009*  *B0.795+0.009°  P€0.727+0.018*  B€0.725+0.003" 40.841+0.084" 4.16"
S10 40.756+0.026°  40.764+0.019®  B0.701+0.015 €0.630+0.005" P0.584+0.022° 5536
$20 20.790+£0.001°  0.745+0.023°  €0.692+0.009°  5€0.709+0.045*  P0.614+0.121°  22.59"
Springiness
S30 BC0.637+0.030° B0.681£0.106°  ©P0.573+0.033°  P0.555+0.031°  40.782+0.056*  19.93"
S40 €0.612+£0.013°  "0.754+£0.038  P0.697+0.016°  F0.417+0.014*  P0.526+0.018" 110.36™"
F-value 54.64™ 9.79™ 17.42" 74.15™ 24.29™
S0 20.135£0.012°  "0.150+£0.004°  20.137+0.018"  *0.114+£0.001*  *0.136+0.017° 3.1
S10 €0.125+0.001°  40.214+0.008"  £0.180+0.015 P0.078+0.001°  P0.084+0.012¢  113.04™
$20 40.290+0.014° B0.174+0.009°  P0.180+0.014° €0.128+0.021? €0.111£0.002*  76.53™
Gumminess
S30 40.17740.009°  0.148+0.020°  €0.092+0.001°  P0.071£0.005°  €0.100+£0.005%  51.64™"
S40 40.27240.020°  B0.186+0.147°  P0.181x0.015*  ©0.130+0.014*  €0.127+0.001™  47.35™"
F-value 81.10"" 17.22"™ 23.05" 17.29™ 12.03™
S0 A1.134£0.112¢ A1.192+0.078°  “1.085:0.087°  *0.895£0.029°  *1.186x0.219° 2.95
S10 €0.958+0.028°  “41.807+0.080°  B1.488+0.250° P0.533+£0.010°  P0.527+0.058°  66.89™"
. S20 €1.058+0.037¢  *1.399+0.105™  P1.194:0.056°  P0.808+0.015°  P0.740+0.033"  473.54""
Chewiness S$30 51.344+0.002°  *1.444+0.184™  P0.580+0.027°  P0.466+0.019"  €0.819+£0.051°  56.85"
S40 A1.79540.001°  ®1.534+0.186"  ©1.310£0.120®°  P0.54420.028°  P0.725+0.039"°  82.22"
F-value 473.14™ 8.10™ 19.80"™ 226.65™" 15417

 p<0.05, " p<0.01, ™" p<0.001.
) Refer to the legend of Table 1.

2 2~ Means with the same letter in column are not significantly different by Duncan's multiple range test (p<0.05).

A™D Means with the same letter in row are not significantly different by Duncan's multiple range test (p<0.05).
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Table 9. Mean preference score” of Korean wheat bread prepared with fermented blueberry-rice starter and purple rice

flour (N=50)
Samples”
Sensory properties F-value
S S10 $20 S30 S40
Mouth feel 5.20+1.09% 7.60+0.54° 4.80+0.45° 2.80+0.84° 4.40+0.54° 27.85™
Appearance quality — 6.20+1.30° 6.40+0.89° 5.40+1.14° 5.80+0.83° 3.60£0.55" 6.52"
Accepta- Flavor quality 5.60+1.51° 5.40+0.55" 4.80+1.30° 3.80+0.84° 4.00+£1.00° 2.72

bility  Texture quality 4.40+0.54° 6.40+1.34° 4.2040.44° 3.00+0.45° 2.6040.54° 17.84™
Taste quality 4.40+0.55° 8.00+0.71° 6.00:£0.45° 3.20:+0.83° 3.80+0.83° 15137

Overall quality 4.80+0.83° 6.00+0.70° 6.20+0.84° 4.80+0.54° 4.00+0.71° 6.84"

s

* p<0.01, ™ p<0.001.
" Hedonic scales (1 : extremely dislike, 5
D Refer to the legend of Table 1.

: neither like nor dislike, 9 : extremely like).

3 27¢ Means with the same letter in row are not significantly different by Duncan's multiple range test (p<0.05).

74el 715wt mskem, ARz foARl Afolrt 9UR

THp<0.01).

B AFol e HALEZTI FAm o] 8= Eolaat
yeasts tAlste] EFHE)-24F-2 H7lstal, A

L7HF oA 10~40% H7lste] S A2 ¥ 1 F4 5
S AT E STt Apgn] 7HRe] AN el 8.48%,
Z3)3E 0.487%, TEFFE 12.12%= YER ™, DPPH ra-
dical &271%52> 88.78% 2 WEFSTE &l e]- 253} A4
A7} Wh5o] RVACY o3k G354 A Agm]E Hrtes
5 S3PiAREE woAla, HuAE, HAAME, HHE
9 9] Je= Aaskth W] amylograph 5404 <
SN EE TR A3 H7HEel o #3%a, &
IR E 2xot HufdEe A H7H7EH 9l Y,
o AW AdS B A 277 d =%
0, Fujo} v]-82-e 253 20% F7HEF o =k 171
EHEE A THE ATt SRS ol AR
u] A7} 2] bEAlopd $HFE thx2771 35.09% % 2
A3 7S 36.03~54.79%2 Ve o ™, xlgn| H7hek
o] T7IEE dEAOI S S TH(p<0.001). DPPH
radical 2275 3% 23} 2T 8.38%, A3 H7lES
36.79~37.89%2 JERG oW, #3n] Hrlgo] ZrlerE =
Al RS THp<0.001). AP 7FE A7t 21wS- 25T oA 5
2 sl A RS Asks A A, g2 F7
ghero] 39.1%S1 3, AFgm] HIFEE 38.7~39.3%% UERL
AH] 10%2F 20% H7Hte g2 TRy eedgol Ete

u)
1>
oE
1o

o, 23S A7 E SRS skl o (p<0.001),
A7g713ke] Aojde= S| Fadte 4TS EAth &
30 7h A7F 2] pHE A3
= Fopxl o, AR B3t 2 Wk HolAl= ekt
S8M ARrE ANEeS HE L

agtd AT bk ST on, BE A

Zol thAh 7tAsle ATFS HPTE Texture =7 oA

N )
o o N f1 M J

o &2

il

=

g4 7has)
0% H7F-2F 2340 10% A7l 71557} o2+
o} fro] Al Afo| 7t gAYV tha EShth o] d o2 EFue
AFT AN E AL Ao £ EA4S A A,
o|g}etA, 71AA g #eA A AR 10%9}F 20%
77 g2 TR 8 540 $58te] A3 E Hrlket
of S22 Az Al Zgmle] HA H7P]E-2 20%7HA]
7} Astele} Ao

ofd Y 2
=
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