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Quality Characteristics of Bread Containing Sourdough Using
Various Grain Flours

Kyung Sook Lee - Geum Soon Park’
Faculty of Food and Technology, Catholic University of Daegu, Gyeongbuk 712-702, Korea

Abstract

The principal objective of this study was to evaluate the effects of the addition of sourdough to various grain flours in bread, specifically,
in regards to the physicochemical characteristics of bread dough, sensory evaluation, and bread storage. As the incubation time of
sourdough increased, the total titratable acidity increased. Viable yeast counts of sourdough increased consistently until the third day,
while lactic acid bacteria counts increased until the second day. The weight of breads containing sourdough made with rye flour, strong
flour, and Korean wheat flour were higher than that of the control. However, the height, volume, and specific volume of control were
higher than those of the groups with sourdough made with various grain flours. The pH of breads containing sourdough was lower than
that of the control, while the total titratable acidity and moisture content were higher than those of the control. In analyzing the visible
mold colony during the five days of storage at 30°C, mold growth in breads containing sourdough made of Korean wheat flour, barely
flour, and rye flour was retarded. In the color measurement, the L values of the control and bread containing sourdough made with
barley flour were higher than that of the other groups after five days. The a value of bread containing sourdough made of rye flour was
higher, and the b values of breads containing sourdough made of Korean wheat flour, barley flour and rye flour were higher than those
of the other groups after five days. The hardness of breads containing sourdough increased as storage time increased, where as breads
containing sourdough made of Korean wheat flour, Korean whole wheat flour, and rye flour revealed no significant differences with
control group. Sensory evaluation scores in terms of after swallowing, taste, and overall preference of bread containing sourdough made
of Korean wheat flour was higher than those of the control group.
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THEES g8 54, Edde] 88 5o AR
2027} AglE F=Alo|thAhn DH 5 2003). Aol A
olgfgt JAFFA H7HE thil Aa R} 2o A <
A, ), &34, FEAE, ARt AAES FA
7171 9130 sourdoughE AF&-3F3 ATHKim MY & Chun
SS 2009). ololl &g Fe] AFE AW HHA sourdough
A7) Bl (Hong JH 5 2000), 22| sourdoughe] AW
4 A9 (Rye CH & Kim SY 2005), &< o]&3
sourdough bread®] FZE4(Lee JH 5 2007, Lee JH &
2008, Kim YE % 2011), sourdoughE ©]-&3+ A|WE5A4
(Chung HC 2008), sourdough th#]7} WHe] F&EA4(Kim
MY & Chun SS 2008a) ¥ =84 EA vX& IF
(Kim SY & Hwang SY 2004), 54+#3} BT AH-S A}
8- sourdough®] W& E4J(Chae DJ 5 2010), probiotics—
a7 H&S 283 sourdough A™WEA(Chae DI &
2011), 98] ©]&3F sourdough S4(An HL 5 2009)3}
2ol ZAHEAo| 3k A7HAn HL & Lee KS 2009)
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(1) Sourdough A=

o FFES ©]83 sourdough Axe APAT
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Table 1, Formula for sourdough using various grain flours

Incubation time  Flour Starter” ~ Water

Samplesl) Day

(27°C, hr) ©” ) ®
SDO 0 0 100 - 100
SD1 1 24 100 200 100
SD2 2 48 100 400 100
SD3 3 72 100 600 100

D SDO=sourdough was incubated for 0 hr at 27°C.
SD1=sourdough was incubated for 24 hr at 27°C.
SD2=sourdough was incubated for 48 hr at 27°C.
SD3=sourdough was incubated for 72 hr at 27°C.

2 Strong flour, Korean wheat flour, Korean whole wheat flour,
barley flour, and rye flour.

) Starters using wheat flour, Korean wheat flour, whole wheat
flour, barley flour, and rye flour.

(Freund W 2006)2] multiple-stage™-2 H& 3} Table 1
I o] AzATh Al 19AE FFE 100 g7 &= 100
gs TS T 4 L Eekny &) 23 F4E =<ET
Al Eobr 2% 27°C, FHEE 90%2] HE7|olA 244]
F HEEAT Al 2@ A A= 1A RBESo] /7 100
g7 E 100 g2 Yol Y3 oA thA] 24413 FoF
gtk 3PAAE 28 Ale] WSl tofdt IRE
100 g & 100 g& Yol & 42 ts oA 2443 &
QF &3t sourdoughs A|Z3ATE BE AlSE 244
7t SR AAFH S Aol ARSI

() pH 2 AH A= =4

pHe AE 5 gl S/ 50 mLE BaL o343k of¢
pH meter(PHM 210, Radiometer, Lyon, France)E A}
o ZA3Aa A e AR 10 g2 sl F
2 108 34AZ1 % 0.1 N NaOHZ pH 8.27}#]
o ARE Y& lactic acid(%, wiw) FHOZ 3Hiksto]
HABNE%, wvE EABIAT. EE AEE 33 vk
S5t B = YUtk

3) Bkt 8l am 4 54

Sourdough®] &4Ht2 Lactobicillus MRS agar(Difco,
Becton, Dickinson and Company, Sparks, NV, USA) H}|A],
Y& Potato Dextrose Agar(Difco, Becton, Dickinson
and Company, Sparks, NV, USA)E Z}Z} AMg-st3ct 9
A AE 1 ge 3 F 9 mL saline &4l 108] 34
T} homogenizer(T18 basic ULTRA-TURRAX, IKA
Works, Inc., Wilmington, NC, USA)E ©| &3t #A3}
AR & BaFrhiel oal FFo® Zb wiF|elA =
Dste] 30°ColA 48417 v ket o UEbd ZH7 24k
o3 &% 3IHF colony 57} 30~3007) YeRh= HH
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4 A= =4

Sourdough®] A== A 2}A|(CR-400, Minolta Inc., Tokyo,
Japan)E ARE-3IY L(HE)F, a(FA5)3k, (& =)
33 WHE =4, O HAHoE YepITE oW ARS-S
EF BB L, a, b A2 94.61, -0.02, 2.76°] AT

2) Sourdough &7} Altk Hx 2l EM

(1) Sourdough #7} 2w A=

2 2| Zol] ARE-RE WFSo] wij el &2 Table 29} 22
v A3 G4(Chae DI 5 2005)2 a3t Fig. 13 2o
PHoZ Azt AW Az G2 Finny KF(1984)
o S FAHE 2 NS E AT AW A
25 AT e DS 100%E 7]Este] 2 A
2535 Baker’s percentZ YER T UZ2FES 7|Fo 2
sourdoughE 30% F7letd A=xsict. WA w57
(VM-0008, Daeyung, Seoul, Korea)°ll §A|& A3t =&
AEE A Q3 AHLoA 28 T & SFHFEA
of FA& kst 1&olA 8E 2t EFsHATE olw)
WEe T = 27°CE 3k 12} A(BP-40, Daeyoung
Co., Seoul, Korea)= 27°C, F&EE 80%°IA 603t
BANZ o 180 g A 335t TEEVIE 3 F A
oA 207F FXPLEE SHATE o] BISE 180 gx38 %
st A3 FE= 38°C, AsE 85%2 A~
Al A E o] 1 emZb 2wl 74| 23} &S o]
o tZTS Hd 558, sourdoughS ¥ W= HF
8049 Algte] ARth HaE F SIE 2% 180°C, oFElE
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Table 2, Formula for breads with sourdough using various grain
flours

Ingredients Samplesl)
(%) SBO SBl SB2 SB3 SB4 SBS

Strong flour 100 100 100 100 100 100

Yeast 3 1.5 1.5 1.5 1.5 1.5

Sourdough 0 30 30 30 30 30

Sugar 8 8 8 8 8 8
Butter 3 3 3 3

Non fat dry milk 2 2 2 2 2 2

Salt 1.5 1.5 1.5 1.5 1.5 1.5

Water 63 60 60 60 60 60

" SBO: bread with yeast (control).
SB1: bread with sourdough using strong flour.
SB2: bread with sourdough using Korean wheat flour.
SB3: bread with sourdough using Korean whole wheat flour.
SB4: bread with sourdough using barely flour.
SBS5: bread with sourdough using rye flour.
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L% 190°CE = 2 E(LTD FDO-7102, Daeyoung Bakery
Machinery Co. Ltd., Seoul, Korea)ol] 2o 30&3F 7tk
T2 e Hox <kHds] W F polyethylene
vinyl bagoll Ho] 25°Col|A 5U3F A7stHA] Ao A}
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(@) Aol 7o, 23 g mgH 2%
F A4S A

Weighing ingredients
l

Pour all ingredients into vertical mixer

l
Mixing
(2 min. at low speed and then 8 min. at high speed, 27°C)

l

Fermentation
(60 min., 27°C, RH 80%)

l
Dividing into 180 g
l

Rouning

l

Bench time
(20 min. at room temp.; 25°C)

l

Moulding & Panning

l

2nd Fermentation
(55-80 min., 38°C, RH 85%)
l
Baking
(30 min., upper temp. 180°C, dowm temp. 190°C)

Fig. 1. Experimental procedure for breads with various
sourdough,
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Baking loss rate (%)

(Dough weight - Bread weight) 100
= X
Dough weight

(6) Aol 9} WRF=

2o} 92 T A D7t EHMV900F, Samsung, Suwon,
Korea)2 &Jstom, W RTx= A3 AW-S -85°C
deep freezer(DFU-128E Operon Co., Seoul, Korea)olA]
FAANZ & FAARIE o|&st] 2443 T HEA
At 54 1A% AlSE gold ion coatingS. &2 3] E3F &
FAHAAA T H(SEM, Scanning Electron Microscope S-
4200, Hitach, Tokyo, Japan) & 5, 10 KV 7} 2 gta] A
200081 = it HE3HT

(7) 2o A7 T FEWS}

@ pH, 4= 2 ZFE‘@'% =4

o}eFslk 25 sourdough 7} 2)Mke] pHE 2] crumb
BE 5 ¢S SFS 50 mLoll ¥ar 583 #43) §& F 5§
b RS oS A4S N9S pH meter(pH 210, Hanna, Cluj-
Napoca, Romania)Z =743} 3 274 A=+ sourdough]
2744kl s WHo R 33 b Sk Bk
o2 YepAth RS AW 1 ¢S S o 9
A FEZ%7](moisture  determination balance FD-600,
Kett Electric Laboratory, Tokyo, Japan)E °©]-&3lH o™ 3
3] WHE SA AT

@ Fgol WA 24

2] A F Hgole] A EE S¢tow dEst
7] $18te] dAZE =71(5%5%5 em)2 AHRE Aw-g 370

2 polyethylene vinyl bagell 2o 30°CollA XHIA3}HA
AAE FEolE 55U 4%t (AR FEste] A%
7V 713He vlaskd T

ChoFgt 357 9] Sourdough S 713t Ajwpo] FAEA 267

gt 2 sourdough 7} 21Me] MZi= sourdough
e 243 A3 R oR S5 oH 33 v =
Joto] HFgro 2 YehiAT

212 texture %—Xé% Ao A 2417 WS As
EZejolgdal Mol Y31 5Y 5 F2(25°C) oA Bash
Rheometer(Compac-100, Sun Sci. Co. Ltd, Tokyo, Japan)
E AR83t] plunger diameter 10 mm, table speed 60
mrn/min, sample height 10 mm, load cell 2 kg®] Z71o

2 A5 Ase EHE AAsta AT =)
(5x5x3 em)Z Ze} SA3IHN o™ 7 Z(hardness), B4
(springiness), -5-%“d(cohesiveness), %3 *d(chewiness), &
AR (brittleness)= 33| WHE SAste] I HAFo=E
YR AT
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A7t &H A9l 7Z =5 Hrlslgth Hs
=74 WO JEnT) 5E8FE & A
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3. SAIXE|

2jko] o]5letE B4, 71AIA EA, A A
EAHEA(ANOVA)FH p<0.05 =4 Duncan's multiple
range testol] 93] o)A HAAES Ao =ZE FAA
S+ 374 package SAS 9.2(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA)E A}-&-3}
At
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1. Sourdough?]| O|3}std EM

1) Sourdough®| pH 2! MAAIE H35|

oeFgt FRES o838t AZE3 sourdough®] HE7]
F &% pH % 4Hs WHEE S43 AF+= Table 33 2
o} A 2A % pHE EU7FF sourdough”} 6.422 71 &=
kL ZR 7 sourdough”t 4.692 71 Yo} A|531e]
FrolA Q1 2ol 7 AATHp<0.001). ZFEE sourdougho} &
Y7FF sourdought= L& 29UA| 7P 2 pHE EI S
o E 39 9A STk AEE EYYh e
sourdough, S 7}5 sourdough®t ZR 27} sourdough
= HaE7IZE 5% pHVF AEH o0& FHaste] HE 3AA
ZY7} 3.49, 3.48, 3452 A YERTE LEV|E S 2
£ sourdough®] pHE #4sdts A4S BAom Axz2
< pH7}F 7MUY UM sourdough”t R 3UA
3752 7 =4 UEFSTHp<0.001). L& 77} sourdough
(Hwang GH 5 2014)¢} S8 ©]83% sourdough(Lee JH
S 2007)° X = TEATEo] BASFE pHYL FoF o E
AotEo] B ATt fARE ARE BAith

Sourdough®] A% 2% AH == pHZF 7HE Sk
2R 27} sourdough”} 0342 7H8 =3%k3 pHZE 7
=g ZU7FE sourdough’b 0.1782 7FE REUThp<
0.001). B sourdough®] At=+= HE7|F B3 HE3] 5
7¥ste] ME 3YATE 7P =9ko #H 71 sourdough

N

(1.49), 72 sourdough(1.47), L7+ sourdough(1.46)
o2 FA dehd AE3Zke] fo% zolrb Atk
(»<0.001). Sourdougholl °Jste] L& F AHEH= 42
ethanol, acetic acid, lactic acid, ethylacetate 522 ©°]F
oA acetic acid, lactic acid 5°| A=E eA1712L pH
= WE0har dK(Corsetti A 5 1998). ©]23 pH A3}et
AT S BaEAA A Brkt Foll o8] AP
Fr714ke) STkl &3 AR AlmHTh

2) 2 U HARa HEL

Sourdough bread®] Bt} 3 Fo FH A4ty 88
o 2Js] 24} ethanol, CO7} FAFEZE sourdough
bread A|Zol Qo] ZAit# R E vi¢ A3 840]
THLee JH 5 2007). T3k 752 ©]&3F sourdough
o a7zt 3t ARFE FA3 A= Table 49+ 2
t} Az AZ sourdough®] EEFE 1x10°~7.5%10° log
CFU/gel o S7HF sourdough’t 7H¢ B2 B84
£ HYT EE sourdoughd] BEEF= U8 194 54
A oo 11 o3 2= gvtelA FUeheE AES
Btk 2E 394 TU7FE sourdough?} 1.54x10° log
CFU/ge &2 71 wokom ZHE7FE sourdough”t 2.3x
10" log CFU/gO.& 714 Ao aRSFE BT

Sourdough®] T&7|ZF &3t A TE ST A
(Table 4) ZiHtre Az A% ZHE sourdough”t
3.0x10% log CFU/go.2 714 293 32 7FE sourdough

Table 8, Changes in pH and total titratable acidity of sourdough using various grain flours during incubation at 27°C

Incubation time Samples”
F-value
(days) S1 S2 S3 S4 S5
0 44.85+0.01° 45.61+0.01° 45.5240.005° 24.69+0.005° 46.42+0.02° 7681.52""
i 1 B3.460.02° 54.05+0.01° B4.80+0.02° 54.26+0.01° 53.82:+0.02¢ 214222
P 2 P3.31+0.01° €3.50+0.01° €3.53+0.03" €3.54+0.01° P3.67+0.03° 98.53""
3 €3.4120.01¢ €3.49+0.02° P3.48+0.005" P3.45+0.02° ©3.75+0.01° 21449
F-value 6371327 13246.9" 8363.50 634827 8737.53"
Total 0 P0.23£0.005°  P0.19+0.005  0.20+0.005° P0.34+0.01° P0.17+0.005° 261.56""
titratable 1 ©1.15£0.005°  €0.62+0.005°  €0.33£0.005° €0.58+0.005° €0.90+0.003° 8855.70""
acidity 2 51.3120.00° B1.21+0.02° B1.1420.005° B1.19+0.00° $0.95+0.005° 42533
(W) 3 A1.47£0.01° A1.42+0.01° 41.46£0.01° 41.49£0.01° 1.09+0.00° 811.25™"
F-value 18729.3™ 5220.77"" 19427.4™ 21209.1°" 6513.78""

Ds Sourdough made of strong flour.
S2 : Sourdough made of Korean wheat flour.
S3 : Sourdough made of Korean whole wheat flour.
S4 : Sourdough made of barley flour.
S5 : Sourdough made of rye flour.

"¢ Means with the same letter in row (samples) are not significantly different by Duncan's multiple range test (p<0.05).
AP Means with the same letter in column (incubation time) are not significantly different by Duncan's multiple range test (p<0.05).

*5%<0.001

Al E ] ket e] 4] A 31 Al 35 (2015)
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Table 4, The count of yeast and lactic acid bacteria in sourdough using various grain flours during incubation for 3 days at 27°C

Incubation time Samplesl)
(days) S1 S2 S3 S4 S5

0 1.00x10° 1.30x10° 3.70x10° 5.40x10° 7.50x10°

Yeast 1 9.44x10° 1.16x10’ 1.73x107 1.95%107 2.39x107
(log CFU/g) 2 7.62x10’ 4.04x10 1.38x107 1.74x10’ 7.08x107
3 8.30x10’ 6.90x10’ 7.90x10’ 2.30x10’ 1.54x10°

0 3.00x10° 5.00x10° 3.80x10° 4.00x10 7.00x10°

Lijiferaizid 1 5.12x107 4.04x107 1.15x107 4.64x10° 6.16x107
(log CFU/g) 2 1.05x10° 5.20x10’ 2.80x10’ 2.70x10’ 1.31x10°
3 5.21x10’ 4.92x10 435%10’ 2.62x107 3.86x107

D Refer to the legend of Table 3.

A

7} 7.0x10° log CFU/go.2 71 Bith whg 1Y} 24l ZU7}HE sourdough?b 22} 235, 24002 =4 UERGS
e 5435 —‘7}0}ﬁ5}ﬂ 2974 lrl% 3] 7kt o 7 E sourdough”} -1.060.2 Sro} Al57ke] f-2]%
71 B At E eIt a3 diktre 2l Zpol7t UATHp<0.001). HEZ|ZF Tt AEHEH §
732 E sourdough”} 5 21x10’ log CFU/go 2 7P Eota U7 sourdough®] aghd Tha Zastg oy #Zxg

Z1 27} sourdough”} 2.62x107 log CFU/gO- & A 1} 7FE9l E-7FE sourdoughts= TR F718be] AlE3HE]
Eistth 2 g 394 AEE, eErkE, ZEEE 2 2ol & BATh bk A2AE 9227 sourdough”t
FU7L2E sourdough®] FHAFS= 71*0}95‘\24 47} 16342 7P %3 $E7HF, SU7HF sourdough 9

¥ sourdough= #&38] F71ete] o AH3Fs BYlt 2 2 =4 YEPFTHp<0.001). 7 sourdough= & 7|7+
R 7} sourdough7t ERF9} it BT 9 U S b Wst giley kR, ZRerRet
Elgt) whe] W go= ol o3 43I was} it SU7HE sourdoughv ThA F7bshe AFES BT &
ol o7 A4 art Al 28] whel FrE o 2 394 b@e FEU/HT sourdough, SR

IAZ1AL ol AR F74k Al S-S 9AIsk sourdough, T27}F sourdough =22 =4 UEIY Al
ol REZIZHE AFE FE Aol UtkLee JY & o] {olgk Apol7zt AATHp<0.001). EHEAIZE 01 VR iy
2003). iy W Az A Aikdd 3R] HEo] A = TE sourdough®] b#ke 7o} ZAE HHESIY O

A Bto]l AUAIAl SAEHH aRe] Afo] Al M BU7HF sourdoughE A|&Jtaes WA | E‘iPEE} 3
W2 R0 Arart Bow it ais E0E Axke] bare] © EUTH
A Aok FchKim GJ 5 2004, Chae DJ 5 2011). Lee

JH 5(2007)8] =< O]%éﬂ- sourdough breadA FHE 2. Sourdough X7} Altto| ZRIEA

A AFME ZAakdst awel Ayl daE 1YRE 1) BE=O| pH 2 Ate

TASA STkt 29 o] F nbsAl Frkske] B AT thoFet ZE sourdoughS A 713 /\lug]- Hhzo] pHe} AF
S} FARE S HAH

5 32 3%= Table 63 2ot WA A ¥k pHe U
Z70] 49601921 sourdough H7FE 4.32~4.64Z U

3) Sourdough?| M& H3S} ZTRT S FS BATHp<0.001). 13+ HE T 2T

thorsl -L,—-ﬁ—l"i— 7} sourdough/] a7z 9 A J+ Sourdough HA7}E BT pHE Zastg o 23
Hals SA3 A3 Table 59F 2 Alx A% L Fo|x pHE HF3] 2Aasts A4S Ry 2ad
2 Z48E sourdough’} 84.122 74 =il sV} :ﬂ]_ % BT 0gWrlE sourdough d7FEo] b wre
sourdough”} 58.912 713 SkTh(p<0.001). H&E7|3H pHE E3lom tzio] 7H4 £ pHE Uehfo] A&
Sk FU/HE sourdough$t FEZHE sourdough] LEKE  7ho] folMel AolS BATHp<0.001). Sourdough H7H

23k ZFo)7} Yoy A el SV sourdough 2w wkZEo] AlE =3 Az BEg d Surte HAzbr
© T Eobq o't Abol7h A (p<0.01, p<0.001). 7 £yl @ybae] Awsl /1 =gkon tlze] 7}
WA SR LGS JHE sourdough7} 714 L B 4 ejripe0.001). 13 BE F 2E =T sourdough
7HF sourdough”} 7P w2 & Hol A|R3He] #2o3 AN mEo] ATl 250 _rg]mﬂ A7)
AolE HAHp<0.001). aghd A=H5 FHe7EFo} o] 7F& =A YEATHp<0.001). 22t HE & thxY

o off -t 2
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Table 5, Changes in color of sourdough using various grain flours during incubation at 27°C

Hunter Incubation Samplesl) Fovalue
color value time (days) S1 S2 S3 S4 S5
0 484.12+0.09" BC74.52+0.01° 478.34+0.17° %68.41+0.24 €58.9140.12° 12440.0™"
L 1 BCg83.35+0.26" ©74.32+0.36° A78.26+0.10° 469.03+0.47" B61.97+0.03¢ 232042
2 €82.97+0.46" 275.06+0.03° 278.03+0.06° 468.04+0.17° 462.92+0.45° 2094.04™
3 ABg3 7540.10°  “B74.79+0.17°  “78.08+0.31° 468.46+0.78° 462.71+0.62° 88139
F-value 9.68" 763" 1.83 2.17 67.05
0 ®.1.06+0.005° 1.44+0.01° £0.06+0.005° $2.35+0.07° 5 40+0.20° 72355
1 £.1.01+0.03¢ ©1.27+0.01° 0.03+0.01° €1.75+0.04° €2.12+0.09" 1914.05™"
: 2 €.1.410.02¢ €1.28+0.01° 40.02:£0.02° 43.00£0.11° 43.02£0.08° 247469
3 €.1.45+0.03¢ B1.36£0.05° 40.07£0.03° 43.20+0.20° 4321£0.01° 1340.81°"
F-value 191.45" 23.86 1.12 8439 53817
0 412.70+0.02° 516.34+0.01° A15.3340.05" 412.88+0.17" 514.80+0.18° 545.12™"
. 1 213.05+0.26° $16.13+0.18" €14.75+0.02° $12.03+0.20° B14.92+0.11° 24787
2 212.78+0.05° 216.91+0.20° 515.00+0.06° 412.75+0.33¢ 216.1120.04 327207
3 412.82+0.08° 416.73+0.07" $15.050.11°¢ 413.20+0.36° 215.88+0.15° 22837
F-value 3.28 18.09™" 32.097 9.08" 69.90""

D Refer to the legend of Table 3.

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

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

#xp<0.01, ***p<0.001

Table 6, Changes in pH and total titratable acidity of dough with various sourdough during fermentation time

Fermentation Samplesl)
. F-value
time SBO SB1 SB2 SB3 SB4 SB5
Before 24.96+0.01"°  *4.6420.02°  %4.32+0.01°  “437x0.01° 4.50+0.005° “4.50£0.01° 994.88"
pH After Ist  P4.84+0.01°  P4.52+0.01"  P428+0.01°  P425+0.01"  "443+0.01°  P4.40+0.01°  890.86""
After 2nd  4.75£0.01*°  “42420.01°  ©3.93£0.01°  ©3.92£0.02°  “4.08+0.01°  “4.04+0.02°  1207.90""
F-value 199.80" 714.06" 1794.14™" 55170 199557 55624
Total Before €0.31£0.01¢  ©0.35£0.01°  “0.48+0.01°  ©0.48+0.01*°  “0.45£0.01°  ©0.45+0.01°  372.13"
titr?;?fle After 1st  "0.38+0.01°  2046+0.01°  20.64+0.01°  P0.63£0.00°  20.49+0.01°  %0.50£0.00°  546.58"
acidity
(WHV) After 2nd  %0.3520.00°  %0.65£0.01°  “0.89+0.01°  *0.90£0.01°  *0.75£0.01°  “0.86+£0.01° 1611.36
F-value 91.00"" 211433 1281.00"" 2973.25"" 242233 1337.20""

" Refer to the legend of Table 2.
"¢ Means with the same letter in row (samples) are not significantly different by Duncan's multiple range test (p<0.05).
A€ Means with the same letter in column (fermentation time) are not significantly different by Duncan's multiple range test (p<0.05).
koK ok
'p<0.001

2= Oa 244 04 sourdough 7S F71sk F 7R A=t A o g2 =4 vEstth ¥k 2
N8 ol AQl Zpolrt Aow SedrtE AUkt 2 g § eEdrbRet SV HUke pHYEF THE
(0.89)7 ESUIF H717(0.90)8] A=7t =A vEhstth wekedl o)’ pHe FEFoE ATt A4 UERhd Ao
(»<0.001). AREH o2 T)ZFHT} pH7} W4T sourdough 2 G

A7hre] ARy mem SRR Ak SR 2) Hhxo| Mz
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ThFgt =7 sourdough 7} AW Hh=o] A e S A
= Table 73 2t HELIHE TE A gz 75.77
2 714 BT SRR A7kl 0 4 WA
Eht /\leﬂ«l o8l ZpolE HATHp<0.001). 12} 2
39} 2;4 GE ¢ 2, AEE AV, ek
7 AR Late] oA fAaste £ o
< B BHE ZRVME AU &
“17H°—4 HA7b2 HE7IE B9 Lake] i Sveke] &
O Ajo] Hrolx= Ao 2 Yeht ARIRe] Fod Ao
7} AAHp<0.001). agt-e & A TUSTE H71H0.18)
o] 7 = UFRF(-1.64)F HHE HI7IE(-1.56)°]
A e 28t 2ol & B A THp<0.001). 23 HE &
=0 aghe gy Y AU o wolxle
U o H7E EolAlE A0 E YET bk %}i
A giEzTol 15592 7 =3ka ‘LEW}E 7}
11372 7P S th(p<0.001). 22} &g 3 =,
B, SedrtEe SUUEE HrkEe] bake 7.%&
2R e} SUtE ke STkl AlEXte
o)t ZolE BTk Sourdough®] AME=ZAol|A Lzkol
7H8 Gal agkdt batel 7P w=9E s8R b
2w wikE G E 22 A3E B sourdough A7
o] ko] Atol| FFE WH ZoZ A

57}
SAeoAE A9
%

r°1'
o) HJ
Jo . 18 O

@

2, RO ¥ SIIEHE
ThFet 37 sourdough X7 Ae] FA|, Fu] 9

gt A= Table 83 ok 2o FA

CThoFgt 3359] SourdoughS H713t Awro] 454 271

v HE&TRT SV JUh, AEE Vs e
7HE A7Rro] EA UERSETHp<0.001). Eol= thET,
TAME HUWE, AEE AV, SERE A
o2 A JYeigon #Aneyhg Hrikdto] 7M wol
ANBZEE] fFog ApolE HATHp<0.001). FI= =T
o] 2025.0 mLE 7} %43l sourdough F7HEE°] 1650.0
~1962.0 mLZ gtdoz BA Yebth(p<0.001). Hl&
A2 tE2TEY sourdough H7kro]l Wtom 53|
EFJ H7hrol 718 @A JERY AlE3Ee] froldk Abol

7F AU THp<0.001). T=S ©]&3F sourdough bread?] &
AEA Ao X(Lee JH 5 2007) T2 FH7leko] S}
s H]gAo| @io}‘}a&‘ﬂ% olglgt Ay ®iE o
SR o] TaE o] Aol AtE 7] wEol
g} Busiieh Fulof HlEA 2 tixa, SH7HT AUt
T, SEENE HME o8 B4 Jehton Fak
Fol7t Ahd R VM Hrhro] 7 GHAl UERsTh
T71EAEL TUIH9.27%), FEE(9.90%)7 S
7HR(10.38%) H7krro] wkon tl274(12.38%), T47}
F(1237%)9F ZREIFF(12.16%) 7ol AiFoz
A e} AIETEY] fofg AfolE B ATHp<0.001).
T gL HENE 5 LFLY o) iEEas e
g SdE0] w2 Foll oal IAEUA o] §F
Al THshE o2 A4 WAME 10~12% BE
Ebdtha I THKim SY 2012). AX%E &3} sourdough
= o] 83 TUEFM(Kim MY & Chun SS 2008b), 78}
A7 g E H7F AWHKim SY 2012) ¥ EFHjg] &8

Table 7, Changes in color of dough with various sourdough during fermentation time

Hunter Color Fermentation Samples]) Fovalue

Value time SB0 SB1 SB2 SB3 SB4 SB5
Before  75.77+0.85° "74.04+0.15" "7134£0.94°  "71.05£0.44°  "68.65+0.43"  €60.64+0.50°  222.16
L After 1st  °71.94+0.13* ®71.73£0.94° *P70.25+0.16" P68.12+029°  P68.25+030°  P64.85+0.53' 92757
After 2nd  P71.6740.62° ©70.39+0.29° P69.25+0.74"  ©66.71+026°  *72.01+0.10°  "69.39+1.37° 2237

F-value 41.81™ 30.817 6.66 123.44™ 128.18" 70.87
Before  °-1.64£0.04° "-1.56£0.01°  P-1.1120.05"  "-0.94£0.04°  P-0.49+0.06°  %0.18+0.17°  211.42""
a After 1st  ©-1.80£0.07° *-1.62+0.07° "-0.96+0.04°  -1.1320.06"  ©-0.75+0.12°  P-0.08+0.03"  204.95 "
After 2nd  "-1.43£0.10° °-1.92+0.04°  P-1.09+0.03°  "-1.01£0.02°  *-033+0.02°  %0.36+0.10  447.78"

F-value 17.82" 4197 8.37 10.74" 20.80"" 10.80"
Before  *15.59+0.94° "14.06+0.18" *12.87+0.10°  "12.80+0.04°  "11.37x0.03*  "12.76+0.19°  37.71""
b After 1st  °13.03£0.59° ®12.3120.21° ®12.07+0.04°  ®12.26+0.24°  ®11.45£0.46°  °12.41+0.02° 7.00”
After 2nd  13.76+0.09° ©11.75+0.31°  °11.94£0.24° **12.57+0.16° *14.66+0.01°  *14.97+1.16*  2220""

F-value 12.44" 72.76"" 3162 733" 148.01° 12.35"

D Refer to the legend of Table 2.

“f Means with the same letter in row (samples) are not significantly different by Duncan's multiple range test (p<0.05).
€ Means with the same letter in column (fermentation time) are not significantly different by Duncan's multiple range test (p<0.05).

*p<0.05, **p<0.01, ***p<0.001
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Table 8, Weight, height, volume, specific loaf volume and baking loss rate of breads with various sourdough

Samplesl) Weight (g) Height (cm) Volume (mL) V(S)ﬁle r(r:lleﬁ(zniij;) B?:E:g((;gss
SBO 473.142.0° 13.56+0.05" 2025.0+5.0° 4.28+0.01° 12.38+0.10°
SB1 486.3+1.0™ 12.90+0.10" 1800.0-+3.0" 3.70+0.01 9.90+0.20°
SB2 483.9+3.0° 12.60£0.10°¢ 1872.043.0° 3.86+0.01° 10.38+0.10°
SB3 473.242.0° 12.96+0.05° 1962.0+2.0° 4.14+0.01° 12.37+0.20"
SB4 474.3+3.0° 11.10+0.10° 1650.0+3.0" 3.47+0.01" 12.1620.05
SB5 489.9+3.0° 11.90+0.20° 1770.0+4.0° 3.61£0.01° 9.27+0.05°

F-value 833.38"" 180.57"" 413135 94473 32.49™

D Refer to the legend of Table 2.

*T Means with the same letter in column are not significantly different by Duncan's multiple range test (»p<0.05)

EET

p<0.001

SB1

SBO SB2

Fig. 2, Internal appearance of breads with various sourdough.

" Refer to the legend of Table 2.
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vj11e]-e RFA ZRIVFEe} SHUULE e tiERT
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sourdough®] A4 AHRyu CH & Kim SY 2005)°]A]
Ry Hrhre s3tE AEde] FHV} glutend A5

Al E ] ket e] 4] A 31 Al 35 (2015)
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Xe]
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5) RZ7|2hE Alwo| ZHEN W
(1) pH, A4 A= 8 SR us
AR AWE 25°Col A ST ARSHE B pH, A

A ats 2 SR HEE AR Fi= Table 994 2
o A 1Y &7 pHE 4.95%21 sourdough 7}
T2 4144512 Yehd dixzarg @¢e s Bt
(p<0.001). A% 295 2E A|79] pHE Z7FF9oH
ZFEE HUbrol 53602 7P B3k thxTo] It
o2 =4 YeEREtHp<0.001). A% 34 ZE Al52] pH
= Asom A 49 iz pHE S7He Wi
sourdough H7hre ZAaste] ABIRS] frofdk Aolg:
HATHp<0.001). A7 5< AHE H7kol 515= 7H
E2 pHE E3om FA7HF H7hkro] 4152 71 @
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cRFe 5:9] Sourdough 7t Ao Y54 273

SE1

Fig. 3. SEM of breads with various sourdough (x2000).
" Refer to the legend of Table 2.

zto]7h Gt AE R Al ARzr|HT & 202
pH7} S7¥sted 71 w2 pH WskE B TKp<0.001).
SEEE, BUUME, ZFREVIRe S b
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0] 0.48~0.65% ZTHTH FA YERGTHp<0.001). A%
29 diET, AEE, geEy 2R ke s
T O st og Sa7keet sa7ks Jrkee o
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A7 39 thZ&T 4 sourdough H7HE9] At thA ST
ke AES Rt AR 49 dx2de F9F xko)r)
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% AelE Btk A 59 tl2Te oA AT 371
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oS 235 sourdough H7F o] E&3teFe A4 1
do tjzTo] 43.1%= 7 @3kl sourdough 7
43.6~45.06%= 2T BT A4 YENSTHp<0.001). A%
ko] ANGFE FRIFS Padte AFS HYO
w tizao] 7P B2 ¥stE B Th Sourdough F7
& xTEG SRS Wi dudos vgton] &
L7FE H7bol 4.46% HAste] 71 W HElE B
o} Bl AABENE H7l AMKChoi SH 2013)°]
M= A7 Fe Arhae) dzRTRT RG] i
sp7F Attt ar Bauskdoh. AWk 0% sourdoughE F7F
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Table 9, Changes in pH, acidity and moisture contents of breads with various sourdough during storage period

Storage Sarnplesl) Fovalue
period (days) SBO SBI1 SB3 SB4 SB5

1 £4.95+0.01°  4.51+0.01°  4.1740.02°  ®4.15+0.01°  "4.1440.01°  “4.17+0.02°  1239.74"
2 453240.005°  #5.36+0.01°  “4.50£0.01°  *4.45+0.01 “4.46+0.005" “4.48+0.01° 4966.34
pH 3 €5.03+0.029°  95.09+0.01°  “4.28+0.01°  ®4.1740.01  “4.26+0.01°  “4.17+0.01° 2886.11""
4 852040.01°  P4.5040.01°  "4.23+0.02°  ®4.15+0.01°  P421+0.10°  “4.15+0.01° 2521.38""
5 P4.99+0.01°  ®5.15+0.01°  ®431+0.01°  P4.1540.01°  ®4.39+0.01°  ®4.32+0.01 3049.74"

F-value 356.26" 3071.80"" 196.03"" 245.05" 44874 28474
1 BC0.3140.005¢  20.48+£0.005°  "0.62+0.005°  *0.65+0.005"  "0.62+0.00°  ®0.62+0.005"° 1969.16”"
- 2 €0.29¢0.00°  P0.27£0.01"  %0.6120.01°  %0.66£0.005"  €0.59£0.005"  "0.65£0.00" 2018.58™"
A(E;I;;y 3 AB033£0.04°  €0.28+£0.005' 20.63£0.005®  %0.66:0.01°  P0.61£0.005° *0.65£0.005°  209.48™
4 5€0.31£0.00°  20.49+0.00°  40.62+£0.005°  “0.66+0.00°  “0.63+£0.005°  *0.66+0.00"  5246.40""
5 20.35+0.01°  %0.31£0.00°  20.62+0.005®  %0.65+0.01°  "0.57+0.01°  ©0.59+0.01°  511.30"

F-value 3.57 1104.80"" 1.18 4558 3517
1 243.1040.20°  “45.00£0.10°  “45.50+0.20°  ®442+0.10°  “43.6£030° “45.06+0.11° 163237
. 2 P42.16£0.05°  "43.60+030° "44.30020°  *45.1%0.10"  "42.10£020° 42.50+0.10° 1287.44™"
I\:(‘)’r'ite‘r‘:te 3 €37.10£0.10°  “42.6040.20°  €40.40£020° €42.00:0.20° ©39.76+0.05° 43.0040.10° 1109.16™"
4 35.00+0.10°  P40.83+0.05"  ©40.60+0.40°  °38.76+0.05° 37.60+0.10° F40.16+0.05°  563.50""
5 £33.6040.10°  "37.5040.30° 38.33+0.05° "38.10+0.10° "38.50+0.20° °40.60+0.10° 541.49™"

F-value 3699.93" 538.19"" 467.92" 201693 510217 1255.18"

D Refer to the legend of Table 2.

*® Means with the same letter in row (samples) are not significantly different by Duncan's multiple range test (p<0.05).
A* Means with the same letter in column (storage period) are not significantly different by Duncan's multiple range test (p<0.05).

£p<0.05, ***p<0.001
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Table 10, Changes in visible mould colony on white breads with
various sourdough during storage period

Storage period (days)

Samples D

1 2 3 4 5
SBO ND ND ND + +
SB1 ND ND ND + +
SB2 ND ND ND ND +
SB3 ND ND ND + +
SB4 ND ND ND ND +
SBS5 ND ND ND ND +

D Refer to the legend of Table 2.
ND: not detected
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texture W& SAS ZI= Table 129} 2Tk A4 1
A AEE thzTo] 44826 g/em’ QAL sourdough H7Hr
o] 456.23~657.50 g/em’Po hERFTRTE ZR]7}F9}
TR H7Rro] oA o2 EA UERSTHp<0.01).
A7zl AAETE BAEv Uik AYde BYC
A sAA ZEE HUbro] 7MY 52 AR#ES B
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wom thxad FoZFQl Apol7t ittt SHA =5
A7F s £ A T AE WHEE AuiE A
(Kim MY & Chun SS 2009) th&27H Tt TUALY =9 3
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Table 11, Changes in color of breads with various sourdough during storage period

Hunter Storage Samples”
Color  period F-value
Value  (days) SBO SB1 SB2 SB3 SB4 SB5
1 279.96+1.31°  #83.39+1.53"  *79.96+1.15° A76.82+1.11°  "78.83+1.02  *74.12+0.68°  21.85"
2 $7530+0.38"  78.76+0.93*  ®74.09+0.69" $72.48+1.01° ©70.26+0.38" €68.77+0.53° 7835
L 3 $7551+1.82"  P73.05£0.68°  “71.21+0.85™  ©69.37+1.28° ©71.56+0.93 P66.89+0.61 21337
4 A18.41£134"  “75.16£1.55°  ©70.19+1.73° 572.94+1.78" €70.1320.60° ©68.71£0.62°  21.76
5 B755241.79°  70.61+2.048°  ©70.59+1.05" €69.97+1.42° $74.30+£1.95° $70.37+1.35° 6.28"
F-value 6.61" 36.66 3724 1435 32047 32.99™
1 A237+0.06°  "-2.48+0.01°  "-1.30£0.14° £.1.9740.15° .0.88+0.25" 20.36£0.19°  88.42°
2 72330145 A2.48+0.13°  *-1.31x0.01° 22.01=0.08° AB1.08+0.16°  P€0.70£0.07° 12168
a 3 £2394040°  “-2.49+0.04°  “"-1.46+0.01°  “-2.17+0.11° B.1.2240.15° BC.0.66+£0.12°  145.17"
4 22.48+0.14°  52.66+0.03"  B-1.54+0.05° £.1.9740.15° B.1.280.15° €.0.84+0.08"°  161.88"
5 22.6240.14°  *2.5240.01°  °-1.63+0.13° A.2.1140.06° 5.1.34+0.03° AB049+024* 9598
F-value 2.53 411" 730" 1.72 3.59° 433"
1 M1.87+£0.58°  M2.1440.72°  *15.3240.15°  *13.4740.55° “14.542091°  *14.99+0.60°  16.15"
2 510.1120.55¢  P10.92+0.93*  P13.13:029"  PC11.47+0.79  P11.73£0.65™  P12.38+0.14°  8.66
b 3 5€10.53+0.40°  P10.782027°  P12.83+0.24° 511.94£0.36° $10.99+0.27° $12.22+0.08"  29.44™
4 €9.65+0.63°  5°10.56£0.36™  ®12.90+0.62° P9 99+0.70° B11.5320.62° B11.72£0.80°  10.87"
5 $10.81£0.30°  ©9.67+0.08" 12.84+1.09" 10514041  *13.59+0.72° 1294135 1197
F-value 8.11" 734" 9.94™ 15.73" 1522 8.40™

D Refer to the legend of Table 2.

** Means with the same letter in low (samples) are not significantly different by Duncan's multiple range test (p<0.05).

AP Means with the same letter in column (storage period) are not significantly different by Duncan's multiple range test (p<0.05).
*p<0.05, **p<0.01, ***p<0.001
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Table 12, Changes in texture of breads with various sourdough during storage period

Storage Samples”
period F-value
(days) SBO SBI1 SB2 SB3 SB4 SB5
1 44826+1.72°  €456.23+1226"  ©622.50+76.97°  ©537.66+81.09"  "657.50+77.34°  ©542.53£70.30 549"
2 D528 86+25.57°  P778.90+52.00°  P831.33+91.95 €516.80+21.77° €838.63+70.93°  ©652.93+31.07° 21.13"
I?;SI‘:;;S 3 ©784.4047540°  P626.40427.02°  P920.40+65.25"  P698.80+5545%  B°041.43:2020°  P902.10+6320° 16.79"
4 1079.67+30.98™ *1207.33+152.17°  *1133.33493.58"  %909.03+67.93°  ®1070.00+64.86™ “*1000.30+86.45° 3.93"
5 P047.80+44.56  "1228.33+146.60° P95526+5221%  A831.73+25.66°  "1455.67+12096" "1053.63£69.76° 20.07
F-value 116517 3735 1735 29.45™ 4449 33417
1 490.42+1.92° £89.20+5.12° A87.54+2.63" 90.04+3.81° 189.47+1.91° 488.44+4.03" 0.28
o 2 187.12+3 48" 490.46+3.20° 186.2542.49" 487.56+3.62" B83.4144.57™ 579.7141.19° 3.90"
Sp“(rfi‘)ness 3 189.67+2.99" ABR6. 764,66 183.68+2.13% A86.86+2.88" BCg2 394146 72914399 1011
4 581.47+0.73% 578.67+3.18" 575.78+4.90% "84.47+4.00" 77.09+3.29 ©70.06+1.63° 690"
5 £90.43+2.66" AB81.68+6.20™ €67.39+5.29° 570.53+3.31% P75.30+3.92% ABg4 56+1.92° 1341
F-value 6.69" 3.54" 1538 1422 8.91" 2229
1 293.25+0.41° 492.86+10.16* 89.89+1.84° "90.16+8.64" 89.89:1.23" 292.76+5.03° 0.28
. 2 APgg.53+2.81° #87.97+2.81° 183 .64:44.42" 4854643 48" 574.69+3.55° B79.71=1.19° 853"
COhe(SO‘/:)eness 3 BC83.6243.41° A83.2149.08" $70.59+0.94° $76.9242.31% B72.5544.35 €60.0144.61°  10.07"
4 P70.48+0.41° B64.48+8.26™ $65.31+3.47° B72.3441.55° €61.00+3.95° €56.50+4.81° 510"
5 €79.13+4.67° B61.32+5.68" €49.23+6.77° €47.77+3 49° €61.90+5.75° 875.02+4.77" 17737
F-value 2758 10.30" 46.81"" 55.847" 2520 3540
1 €48.80+1.24" P45.67+4.40° 561.12+6.37° 5C60.19+8.64™ €69.82:£4.76" €5936+8.61°  6.04"
_ 2 €57.25+4.85° €79.1743.71° 492.01+8.00" €54.7544.89° BCg82.94+3.25 5C7.72+3.80° 2643
Chez“g)“ess 3 $86.15£9.77° €69.1345.04° A86.84+7.07° B72.4048.43 B9]1.3744.81" B72.06£10.63% 430"
4 899 82:+6.16" *104.62+7.17° 94,9443 28™ 485.27+5.28% $88.73+6.32° 575.73+4.11°  10.66"
5 #102.27+11.85 $93.00+7.23" B65.66+12.43° €53.72+5.76° 22326+1436"  "104.74+033° 2078
F-value 3022"" 4753 11.43™" 11.69™" 19317 2035
1 4412.52+130.97°  “4084.39+579.57° "6344.35:1583.48" °5405.78+653.41° 6243.29+356.65" ©5266.38+925.04" 3.59"
2 €4995.99+590.84° “B7168.18+557.45 *7930.60+623.12"  P4802.94+594.80° P6910.11+199.03" ©5398.64+236.93° 20.38""
Brit?e)“ess 3 P7737.06£1028.54° P6012.03+742.63% A7265.99+596.37° %6295 45+855.62" P7533.00£529.09" £5262.774909.62° 453"
¢ 4 B8135.79+574.24"  *8233.73:698.47"  *7062.20+388.99"  7190.08+154.54° P6853.50+762.17° ®5304.49+261.70° 1238
5 19268.66+379.98" "8357.00+1059.76" P4468.62+1151.32" P3786.56:412.64"  "9259.10+850.63" "8857.67+185.65" 3232"
F-value 34.87" 16.83"" 558" 15207 11.44™ 20.54™
D Refer to the legend of Table 2.

*¢ Means with the same letter in row (samples) are not significantly different by Duncan's multiple range test (p<0.05).
AE Means with the same letter in column (storage period) are not significantly different by Duncan's multiple range test (p<0.05).

#p<0.05, **p<0.01, **%p<0.001
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5 HATHp<0.001). 7% F FRVLF H7kol
xzrEt o =33 98 A7k dxzad fo &
o7} Y THp<0.01). A1F$ &S UZTEY sourdough
H7hrol ¥ '/ UERTHp<0.001). @8} 79k gt
< A EZEe Fo37E Aol7t gllon Alnke tiETEG
sourdough 7ol o A UEFTHp<0.001). 53
JEe dxait ZEiEs $2d7hs Hrktol 9
202 F}I(p<0.01) HIAAHS A& {23 *fol7t
AU

A F e fEUrbE Arkee] EdeH s
7HF H7krol Yol AlRXte] {7k Aozt AATHp<

cRoyet 359 SourdoughS: A7 Aol EA 54

T A7kl
O =R oH(p<0.05) Fo| 7EE= ARk FoFH<
Aol7k figiek el 7 E ke bR Akl 5.7,
AEE Hrigol 50002 Uehd oixeEt &=t
(p<0.01). A7e] 7|5%e A8 FoZ]L Ael7h |l
om MukH]l 7EEE A7 A7kl tlET
I ZETHE ARG w27 YRR TH(p<0.05).

V. Q% B2
2 dFdANE g IFRES 5
sourdoughs yeast A2 F7}ste] A& T & o]s)
A, 7IAA 9 #sd 58S ARt o S/
sourdough®| A|%2]F pHE= S87HF sourdough”t 7H8 =
ka1 ZHF7HE sourdough?t 78 w9koH(p<0.001) BHE
717t Bt SEWHE, U7 R E7HE sourdough
pH7} Z4shs 43S R tH(p<0.001). Sourdough®] A
ZA S A== ZH 7S sourdough?t 0.342 71
=903 TUJFE sourdough’t 0.172 7PF wgrom
(p<0.001) HE7IZE FF FES| F7FFATHp<0.001).
Sourdough®] Ta7|%t <+ AR, HE 7XF B¢ &
U7HE sourdough?t 71 B2 5 E ATk Sourdough
o] R HE 0Yol= TU7FF sourdough?}t 713
wokoy wa 3ol AEE sourdough’t 7 B

Table 13, Sensory evaluations of breads with various sourdough

Sensory Samplesl) F-value
properties SBO SB1 SB2 SB3 SB4 SB5
Color 1.91£0.66°  2.33+1.07°  3.92£0.99°  3.91+0.66°  4.92+0.90°  5.67+0.98"  31.24""
Flavor Savory 3.66+0.88™  325+1.13°  4.17+0.83"  4.00£0.73"  4.83+1.02"  4.42+1.16®  3.89"
Sour 1.83+0.71°  3.42+131°  3.42+1.08"  3.75+0.86°  4.08+0.90°  4.92+1.16"  11.77
Sweet 241£0.79"  2.66+1.07°  2.67+123"  233+1.15°  2.92+0.79°  2.75+0.75" 0.58
Taste Savory 3.83£0.83"  3.67+1.15"  3.75£1.05"  3.33+£1.12"  4.25+1.14°  3.75+0.96" 0.94
Sour 1.9140.79°  2.7540.96°  3.25+1.06°  3.5040.90°  3.58+1.08" = 5.75+0.96"  21.07"
Texture Moistness 3.83£0.57°  5.00+0.85°  5.08+0.90°  4.58+0.79" = 4.50+0.90 = 4.12+1.11° 3.63"
Chewiness 4.08+0.67°  4.67+0.89°  4.83+1.02°  4.83+1.02  5.00£0.85°  4.67+1.37" 1.22
After swallowing ~ 4.00£0.60°  4.66+0.78"°  5.08+0.90°  4.83+1.02"  425+0.75"¢  3.67+0.77" = 518"
Appearance quality ~ 4.66+0.77°  4.83£0.93"  5.08+1.24™  5.50+£0.67°  4.42+0.79°  4.58+0.67° 243
Accepta-  Flavor quality 4.83+0.71°  4.67£1.23"  4.50+1.08°  4.58+124"  425+0.75°  3.67+1.15° 1.86
bility Taste quality 4.00+0.63°  5.00£1.12°  5.17+126"  4.58+1.44™  425+1.13"  3.67+0.65° 345"
Texture quality ~ 4.33+0.89"  5.00£1.13"  5.00£1.04°  4.67+1.37°  4.42+090"°  4.50+0.79° 0.94
Overall quality — 4.33+0.65"  5.17+1.19®  533+1.15°  4.67+1.07"™  4.66£0.98™  4.25+0.86° 2,56

D Refer to the legend of Table 2.
2 Rating scale : 1 (weak or bad) or 7 (strong or excellent).

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

*p<0.05, **p<0.01, ***p<0.001
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