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Abstract The principal objective of this study was to evaluate the effects of the addition of sourdough to bread dough,
specifically with regard to the physicochemical characteristics of bread dough, organoleptic evaluation, and bread storage.
Marked increases in lactic acid bacterial counts 10°' CFU/g in dough samples with 30, 50, and 100% of added sourdough
to the respective bread dough were observed after the first fermentation period of the dough, but decreases were observed
in yeast cells. The highest overall acceptance scores were recorded for the 100% sourdough-added bread, and almost no
differences in taste and texture were detected between the regular bread (control bread) and sourdough-added bread on the
sensory evaluations, with slightly lower evaluation scores (for sour taste) in the sourdough-added bread. The sourdough-
added bread also showed retarded mold growth in the bread on our storage tests. Six days had elapsed prior to the
appearance of mold growth in the sourdough-added bread, whereas three days elapsed in the regular bread. The more
sourdough was added to the dough, the less was the total count in bread. Increases of 13.1, 20.9, and 36.2% in the
retardation of starch retrogradation of the bread were observed as the result of additional increases in sourdough quantity

to bread at 30, 50, and 100%, respectively.
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FE0. 2lgke] FUJL Ao 2 HE AP ARl o8] U
B Zoz HAtawe] 7]io] F3 Utk(5-7). Sourdough=
waol| sl vdEe o8] & JFS won, 55 it
I AR7F F HFUAAERA BE £2 o] F nAEe] TR
2+8-510] sourdough’7} THEOIR|= Aoz dHA Ao (8-13),
o2 HFEE sourdougholl #3F B2 AF7L o]Fo|A it W
Az FrktS RS SUle] A7 BH Zito] {74 A
Aol mXE Q3F(14,15), sourdough Azl Fojshs nAYEL] B
2, 574(16,17), W] A NS Qg Tl wig HHA8)
59 A7 Uk Cho 5(19)°] Bifidobacterium bifidums 7}
g W7HE brewd] HAAAMINFARZA S EHE AV A, B
7HE brew®] F7bgo] SIS wiEe] dEsE g o
71A1730] A= o, whe] vl-g-Ho] FTIsIlal W v 4
At Aoz wale] A A o] dPH FHE 19 4
T 37 212 = sourdough®] 974 HFUTt Hong 5(5-
7N AL S 2 sourdoughs A|Z2gh He|awke] FHEAJ A
Lactobacillus sanfrancisco 52 A Aol 23 w5 EAo]
w9 Fokom We ZEFN Rrago] FUL AGHEE A
HE o AFE AL ST Linko 5(@4)yS Sozo] AWk 4k
e vl A% 4E SlsiA AAxIstA oo 117 AFFA
¢l sourdough™o] I EolA Tr]E FoJshy ©]# 3 sourdough
W ZnjRolAle EFHo] e Wg AlFsta, AxAA A
= W A7 AR AAA olods FAY Aow Wyt
3FATE. Messens®t Vuyst(3) sourdough®ll =A|S= Lactobacillus
o gy AitEE A EA 93] sourdough H7T 2] A
7de] 71 Ak wMHETh 71 2102 vERdET], ©132 sourdough
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oJsh= Fakto] A o] gae-S 7] Wi
©°2 BRI 28, sourdough™ A|FA] ¥JHEA
TR Zikto] wael FojEr] wite] wel o
FAB717F ofe]g Hut ol o] 2u] Al
A EHE2=Z sourdough?] A|WllA FHakFS AME-317]
o] wjdElR] ZAl A sourdoughol] FAIEE -5
AE3led sourdougholl 2830 24 2|7} £
gt FHo AAEa-s Az Qoo Utk wEA 2
Ao EE3k arel AiktS o83l sourdoughs A%
313, o|AS Aol Hrkste] Wi 548 ZAlela, AW &
2], 244 T AW EAS AT B ke velth
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E Aol AR WMEE vlERte® AR FEE 1
(Daehan Co., Incheon, Korea)s A3t ow, A HL A A
(Hanju Co., Ulsan, Korea)S, ££EWYS EUA7) AES, EXE
= ALETTHsH AFE, yeast food= AHTA A
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Sourdough XM=

D7HE 100%° et 62%°] & T g s A
7VstaL A &ol|A] 537 &3t sourdough WHES A|&3AATH
=, B Ao ®2d &% (Saccharomyces sp.) L Rkt
(Leuconostoc sp.y& Sa3kal o] widd 2 U7EE 100%01
BER A 50%9t FRHTE o8t A Akt Sl
A 2% EFat ] T 02%=E e U W=l A
7F8kaL 25°C, 24A17F sl @RS 5.9x107 CFU/g, 3kt
Z* 3x10” CFU/g, pH 5.112] sourdoughZ #|Z&IA ). Sdai<1 <)
ZALS Table 13} 74}

Rl &

HkZo] viEH]E Table 29 722, B7FFE 100%S 75302
7z} AEES WA, sourdoughS H7F SHA] & tlZz+<]
e ZARE Hrlste] migetai o, sourdoughs H7tshe A
= GRE 7A€ sourdoughtt 30%7T, 50%H 7T 2
100%H7F= F-E-ate] 28 Azttt Sourdough?t H7He]=
AP1LES] 7} A wlEH]= sourdough’t FH7tElE 23 H-9]

HrhE a7 skl Arisksic

4 M=

A2 Finny(20)2] 4H-S
o} AEA L SHE YA E o] 8s <)
A7Vt clean-up AEI7HA] E88a, o] F £EYS
oA 387F T3 & ovhola FFElo] 2 FAE F

Table 1. Media compositions of isolated yeast cells and lactic acid
bacteria for starter culture

Media compositions (%)

Microorganisms
Wheat flour Sucrose Peptone
Yeast cells 0.5 3 0.5
Lactic acid bacteria 0.5 1 -

: No added peptone.

A Eesith. £ F HENE 25 26°C, 1A Ha

27°C gHEE 75%2 A dRAE A ARsisinth. 13
a F IS 180g0 % T8, sFAIE sl 2087 ST
£ AZT FEE F 7ka7)E St 4 FEke] A
Eoll 30 Wi, FUEE 85%, 37°C TEHNA WEQ] lem
EO|7HA] RhEro] S w7 22 waEE ST 23
B F200°Ce] e2olM w71E Aldsk w717 e
AollA 22)7F Fot Wz 9 5 STk

kol i rff

ojdsE &8

ARE g% ¢ =48 petri film(3M, St. Paul, MN, USA)
3} PDAMIA| (Difco, Detroit, MI, USA)ZS ©o]&3}o] 25°C, 48A|7F
Hi et & UERG colonyE dv70R 77t Al sisleH
(21), Akt bromocresol green©] 0.01% 371l Lactobacilli
MRSHIA| (DifcoyE ©]-&3le] 30°C, 48~17F vig3t 3 colony 9
o =ske] APE AL ANHOZ AT FAUTH22).

pH &%

HiEe] pHE W 10 g #3le] 250 mL Hlo)A ¥ ZF/
T 100mLE 7Fete] Fd3iAl &5t e Aol 3087 W
2 & AENS 40|57 (Corning pH meter 240, Corning,
NY, USA)E =4 3l9ith

I 10gS F3te] 250mL H]o]AY ¥ T/ 100mLE
7Fele] #d3sAl £3181ed 1.0% phenolphthalein A|A]2F 0.5 mLE
E3 F 0.1N NaOH= #7gate] Fado] 30%7F A<

FTUHoR 3o s s

Y, 02

=
o] 7%= Rheometer(Sun Sci. Co. Ltd. CR-200D, Tokyo,
Japan)s AME3IR o™, Awe oz doksl § 712 30 mm, Al
2 30mm, ¥°] 15mm= AT £, 7] 15mme] AFF
plungers ©]-8-3th Rheometer®] Z4272 HUsls 2kg,
table speed 60 mm/min, Y& 50%= o™ BE FAHZA
< 33 SAste] o HaEs AR

Hik=o| Hu|
H=Eo] Hul= s 10gS AF st A@xgo] §olstes
SI7FEE ¥E23 100 mL mess cylinderol] 232 12} gz 7004

Table 2. Formula of bread with sourdough by straight dough
method

Sourdough (%)

Ingredients

A B C D
Sourdough 0 30 50 100
Flour 100 100 100 100
Water 62 62 62 62
Yeast 2.5 0 0 0
Sugar 4.0 4.7 5.2 6.4
Shortening 3.0 3.5 3.9 4.8
NFDM 2.0 2.4 2.6 3.2
Salt 1.5 1.8 2.0 2.4

A: Control (without added sourdough), B: Addition of 30% sourdough,
C: Addition of 50% sourdough, D: Addition of 100% sourdough.
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WEAA B Lohe WEe] SRS ¥ 2R

o] X{&kd

o] AL Az Ws AMrts Zg
Job & 28°CollA] BashAA Fgolo P4
°o ™, plate count agar(Difco)oll =E&ke] 30°C, 48417+ v sk
UERt colonyZS bacteria®t mold2 WFro] A3t m]AE2]
4 A5 WEIATL

ot

fo Jor 3@ o

mj2| =38 = (Farinograph)

AACCHIH (23)0l we}l |2]%=22] 3 (Brabender Co., Duisburg,
Germany)2 ©]8-31%lth. 2= 22 mixing bowlS 30+0.2°C
2 fFABIES soH, AlEge TR 14%E 7IESE 300
g& ARSI e, A9l F4lMdo] 500 B.U.(Brabender Unit)ol
EHEE FRTE /IetA WSEgA 7 REEAANT F

F8, M= 2 oRE 2 s

=

SaA
o] ASARE 58 713 HERS o83t 217K (mouth feel),
FHZZ 7 (texture), 2H] (sour), T2 7] = (overall acceptability)
2 Uro] 2089 FE panneldl] o5t Algatnt. &, i
SHH5H), °FF SR, BEelth3d), ot Athed), wS-
HYU(RE on, A A SAAEE SAS Z2
A5 o]83lo] ANOVA test®} Duncan's Multiple Range TestZ
frold& A 8ITH24).

e SRS

ol A4t F w3l& e Rheometer® 43 7F AFe] A
TE Rojas 5(25-31)°] ARE-3F Aveami®)S ©] &3} AvramiA| 5
9} w3 EEATE LEYTE =, Avrami 2]

" E,-E
[ , WEbA log[—ln 1 I} = logk+nlogt
EliEO

o714 E;: HAAE, E: t A$9] AL, E: 2719 FE,
k: W& (time™), n: Avrami X|<=o|th,

Ho o o

SourdoughE &It HH=9| farinograph S4

SourdoughS H7FeHA & tETF(A), L7HE 100%e] thal
sourdough 30% H7F*B), 50% H7H+C) ¥ 100% H7H-D)=
ate] W50l B84 548 XAleE] 9181 farinograph®] 54
& ZARE A3} Table 37 2ok hE2H(A)] FFE2 66%= 1

o™, sourdough 30% H7HHB), 50% F7H(C), 100% A7t
TD)Y F58S 747+ 5009, 447, 33.6%% YER} sourdough
7HE 27 8o ZAEE ATl ol sourdoughe] Al
Z A k] £R3NES % 24T A F7FEE sourdough
o] ol vlHet Fgo] WAl vehd Axer AzkEdh wEk
Al sourdough A7} Al FFEe FEFHFS WHFY & &5
FUg aElste] Jkrshe Aol i sttt AztEr

ko] el s Uehlls vEEgA7Re B, C 2 D7} 7
7k 42, 37 9 1.8 Z URTe W=7 6.2:¢] B3|
sourdough 7}l Z71d4E WE=dA ke ol oA
2 iR e e AHEN sourdoughe] ol WSTE
FIETY wkEe] mEhAZke] WEkRs Zog AzbE Tk v
o] K= UIRFAYE 12301929, B, C, D 79, 62, 4.0
oz 7ol BEE e WA JeEth Song $(32)
& AWA] QAAIES H71SEe] farinographol] T3k WEEe] B4
< A A3 gz vjE] 2] HrlEke] 2&E
T} ZAhske A2 B d9eH, Ryu®t Kim(33)e H
sourdough® FHEo] AW A+E 3 A3} ZAdS Azsh A
oA FEY Fgoly ErE gAsRs ez Yehd
2 A AR A0S & 5 AT

Hi=o| WEIY & swet Hikde| Hst

q =44 5.9x10" CFU/g, 24kt 3x107 CFU/gR! sourdoughs
ZH vgdE HU1eh & wiEste A Fo] nAE FHsE
ZAKSE A3} Table 49} 7o) Wb 39 g% e dZFHAYF
sourdough Z7Hol W8l 10-10° CFU/g A% =4 Yehston, ol
278 A7 BF 1R 2art JEHA g S8t
22} Hgrt Bue AN ARtdoz @t fAEE A
otk ol 71 AgEeEN aust A
23t o] X&HE AZ B F 9™, sourdough 7]
A% Zakgo] 2k o7 91 pHE| AEE gRe] F40] tj
e vjg] & Zoz 7hAE oz AzbEL Akt =
A=)

Table 3. Farinograms characteristics of dough added with
various levels of sourdough

Water absorption Development Stability
Dough %) (min) (min)
A 66.0 6.2 12.3
B 50.9 42 7.9
C 447 37 6.2
D 33.6 1.8 4.0

A: Control (without added sourdough), B: Addition of 30% sourdough,
C: Addition of 50% sourdough, D: Addition of 100% sourdough.

Table 4. Changes in pH, yeast cells and lactic acid bacteria during bread making process

After Mixing 1* proofing 2" proofing
Sourdough Yeast LABY i Yeast LAB Volume i Yeast LAB Time
(CFU/g) (CFU/g) P (CFU/g) (CFU/g) (mL) p (CFU/g) (CFU/g) (min)
A 5.59 3.8x10° 533 8.1x10° 29 5.21 1.8x10° 60
B 6.00 12x10°  2.4x10 5.73 29x107  2.5x10’ 17 3.94 40x10°  4.6x10" 360
C 6.01 1.7x107  2.8x10’ 5.85 56x107  3.8x10 19 3.97 6.6x10°  43x10° 335
D 5.89 32x107  3.2x10’ 5.76 7.6x107  4.5x10’ 21 4.02 62x10°  1.6x10° 225

A, control (without added sourdough); B, addition of 30% sourdough; C, addition of 50% sourdough; D, addition of 100% sourdough; "LLAB, lactic

acid bacteria.
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Table 5. Changes in microbe after 6 days preservation at 28°C

(Unit: CFU/g)

Days
Sourdough Bacteria Mold
0 1 2 3 6
A - - - + + + + 4.5%x10° 5.0x10°
B - - - - - - + 8.9x10° 2.3x10°
C - - - - - - + 1.4x10° 8.1x10*
D - - - - - - + 2.2x10* 1.0x10°

A, control (without added sourdough); B, addition of 30% sourdough; C, addition of 50% sourdough; D, addition of 100% sourdough.

Table 6. Sensory evaluation of bread added with various levels of sourdough

Sample
Sensory parameter F-value
A B C D
Sour** 2.7059>" 3.3529® 3.8824° 2.7647° 5.54
Mouth feel* 3.7059° 2.6471° 3.3529° 3.3529° 3.89
Texture* 3.5882° 2.7059° 3.1765% 3.6471° 3.13
Overall acceptability** 4.1765° 2.4118° 2.8224" 3.5294% 10.98

YMeans in the same row with different superscripts are significantly different (p<0.01). * - ** Significant at p<0.05, p<0.01, respectively. A, control
(without added sourdough); B, addition of 30% sourdough; C, addition of 50% sourdough; D, addition of 100% sourdough.

A B C D

Fig. 1. Loaves of bread added with various levels of sourdough.
A, control (without added sourdough); B, addition of 30%
sourdough; C, addition of 50% sourdough; D, addition of 100%
sourdough.

¢ A% B/ vehsten), ola@ Ade wE A 2] Evas
7} Aol Wik A|sgel] we) AAA] Awe] A7ko] Hoix]
3, w5719 kel B4k wEag Foly Bl Hag
Ao A7,

U= Z}Y F pH Hsiel SO|Hs)

W A, 12k BE §ob 23 | o] 7} 259 pHE
A% A3} Table 49} 7).

=T B F opHE Seolal 13 HE F, 23 dE §
of Ztzk pH7E 53, 522 Hkek pHel FTHAE B O sour-
dough Z717-2] Agole w5 Fo pH} 6.0 AEE FX54
A 12k avE ke 247 Sl pHY 5.8, 23F BEVH 48
| A-olE pH7t 4002 FZ8A 2asigin ol AW
Batare] Wish Fdt fraksiAl veRd Astet shzloh Sour-
dough®] pHE 5.110191 0}, ¥i= & pH7F 6,002 453k 2
Al SHEE RSl H7E flo] FAlge] Ejew <l A
Az el ez AyzZbEh Hong 5(7)9 34kt #H7b
sourdoughZ A|ZE H|2uke] ZAEA Apor 231 WHa7t
ZYEHA W3] pHE 4.0-4322 UERd Ax)e} viwshd, 2

A

e rlo

Abte] @59} sourdough A|ZHY 2 F7Feke] xjolo) uwka) Wi
59| pHe zfel7b Qlout, 234 et ¢k AJ-e] pHE 4.0
F2oz AR AxEia & 4 JdTh

1zF dart gEFE AHe] v RuE 2ARE 43 A, B, G,
D7} 72t 29, 17, 19, 21 mL7} vepgtt. o]gt v #as
2Ee 2ARE A3 fAEIGE, 13 HEARE 2470
2 gdsiA 2Aet, 23F REAS ZF a5 wkEo] 3o
A Tem7iA] Egehst dels 2| A SH3 43,
hzT9] 23 FEAZRE 6040193, sourdough 718t B, C, D
= 247} 360, 335, 22580 % sourdough®] 7o) HLF4E 2
2} A7) HojR|= Ao, AR g57t HojA &
a7t AdE Aoz Az, o] $t A= sourdough?] &
27} vlzTe] &R Fol| wlsle] %719 #4271 10-102 CFU/g &
T @ Aol e, w3 kgt 3 FEFGeE Q3
aro| 348 =gA she o] el 12 2 2% wEvt
Az Aoz AZETE wEhA sourdoughe] #|Z2A] E S
7122 &lo] g #E v8d #4170 sourdough?] A%
W) el AvF as Ao AztdEn,

o] &k

Sourdough®s s=HE F7kete] M-8 A3k £ 28°ColA 6
B HES F Al FBole] WS SAoT AR F
I Table 59} 2t} dixTt= 39yt o7t WAL sour-
dough H7HHE= 30, 50, 100%7Fe] xfo] §lo] 64 Fofl FFol7t
WAlate] tiztol] Hjg] o 3Y9] HEZ|ZIO] By o=
et m, A 6d F Aldd 53] L9=E 4% A%
sourdough F7}o] Z718te] wa} Aoy o] F nAE
BT AR xfo]7t U TE Hong 5 (7 2AktS o]8-3to
A Zg sourdough® K| AWhs vhEojA] A7 AALE AAg
A, 96A7F A Al RN FFol7F WA O,
sourdough’} 71 WollM= 144x]7F0] Ad ol F3Fo]7}
A71d Skthar Bl STt olefdt As B AFAFe o
Aol Aoz A aE UhE sourdoughs 7o 24| whe)
ARSI F dogt AZEAT3EL).



Table 7. Hardness data of bread added with various levels of sourdough during storage at 28°C
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(Unit: dyne/cm?)

Sourdough Storage time (day)
0 1 2 3 4
A 31117.5 36754.2 40168.6 46512.7 56487.2
B 304534 36011.8 42513.8 46274.6 59784.4
C 32405.1 37458.5 41025.7 45163.7 56476.8
D 305734 35782.1 39874.6 44075.6 58364.6

A: Control (without added sourdough), B: Addition of 30% sourdough, C: Addition of 50% sourdough, D: Addition of 100% sourdough.

Table 8. Avrami exponent and overall time constant of bread

added with various levels of sourdough

Avrami exponent

Time constant (day)

Sourdough
n 1/k
A 1.15 3.34
B 1.20 3.78
C 1.04 4.04
D 1.05 4.55

A: Control (without added sourdough), B: Addition of 30% sourdough,
C: Addition of 50% sourdough, D: Addition of 100% sourdough.

SHAN & 2zt

7} YTl sourdoughS F7}sle] A Fo] AL Fig. 13}
H5AAL A= Table 63 7l 2ol o2
sourdough® A7}elA] &2 tixF(AyF 25 A BleH, U
Wz A7l  Zol7t gl Zo= yehgth A7 =
AZHEH)E 5% frelrsdA 7 152 BAXSE fos
Zpolg Hola, Aukd FFH7EEE 1% FoM 4 2FE
7¢ FrelAE YERRSITE Aluke gAYl 100%([D) 2 30%(B)
H7Hrele FoAQL Ztol7h 9o, 50% H7H-eke #<
ZQl zto]l&2 Alnto] ek Zlo=® uehstth. Azt A3 &
SHA A, ET9} 100, 50% EF zFol7t fley 30% 3
7HEQL A= Hrel ARl Afolrt A eH, IEAF Bt 7P
vhmA el F3HE 755 A, D, C, BELE ATEe
U, A8} D, D9t C, C9F B 457k zlole gl AoR Ve
t}. 0|9} 7+ A= Sourdough F-H7F thx77t 7HE $-aich
3 F7HERON 100% H7HE A dizTel o490 Apelzt
WA 8 A== A FriEREd, e A welA 2
ol7b edlE freldo] EhA] 982 A 30%2 50% M7t
TFollA o] Hrh 4 KahAA AR oiz2Tet 100%
7HRe] 7P A USkAL o2 st T Ag e folAt
7F e Zo® HrbEdekal Azt

o

wo| i-afz

WS 28°Coll AAg3FAA A7k el wE W FH x4 9
AEZE =432 Avrami #2438+ A3} Table 7, 83 72t} Avrami

AE AN log 9} log[-In(E~EM(E-Ey)Ieke] #AE £A]
ate] Fig. 29] A4le] 71 g7]12 78 ek 2 A3 gzt
sourdough A7+ 25 1.04-1209] M2 A5 19 7HE 32
Btk 0|9} ke Adbe Kim27)e] We] =3ldAo|u}t Kim 5
(26)°] propolis®] 717} 2ol 24 westol wX= I
AA veRd el =35 dXshe AHEA, sourdough F
7b 2o A F AR msp)el] & FFS nXA ks
[e)

A~
S g 59

¢

log [-In(E -E J/(E,-E,)

log t (day)

Fig. 2. Plot of log[-In(E—E,)/(E,—E )] versus log time of bread
added with various levels of sourdough. - O-: Control (without
added sourdough), y=1.15x-0.63 (A), -4-: Addition of 30%
sourdough, y=1.20x-0.67 (B), - A-: Addition of 50% sourdough,
y=1.04x-0.64 (C), - W-: Addition of 100% sourdough, y=1.05x
-0.69 (D).
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Fig. 3. Plot of In(E-E)) versus time of bread added with various
levels of sourdough. -O-: Control (without added sourdough), y=
-0.30x+10.18 (A), -4-: Addition of 30% sourdough, y=—0.26
x+10.30 (B), - A-: Addition of 50% sourdough, y=—0.25x+10.10
(C), -M-: Addition of 100% sourdough, y=—0.22x+10.24 (D).

Avrami A|F7ke] 1.0Y o =3k SR k) InEE)%t
AZAIZY] BAE EAEt Ao Vgr|=REH 78 5 3
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