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2 2 Ao, B4 9 I B4 Fol AR awe MUS et 53 AdAI AMaRe] A A
25 43S 95t A5 Y5t B AAAL AWE X (Saccharomyces cerevisiae)®] %7| AMgTFS ZVZF 1.5
0.1(Test 1+%), 0.3 : 0.02(Test 2, 0.15 : 0.01(g/g)(Test 3H)FT &g AL ARgEo 2 vHr=EUo] AHA d54e
244~6428 F7lstgl o, Wk pHe AMISt Hch B3 AAAIE AR WHo] pHE} HlRA|, AWaRE AN
sto] 15AIZF WaSE ¥H50] pHe A o2 A Ueigdth e AMSFE Bt Al 7HA] 155 S, W
o Ruje} Aw, AW A, 75 JH, 4 A4y, WO vl FolA FAQl Zpol7t ¢lleh. Lk
sl dawe g gt 9 HARAQ] 7E e Test 2704 AR w4 YEdth(p<0.05). 2R,
Test 177} Test 3-SR T} Test 204 =3t AWEALS Hch

Abstract The principal objective of this study was to provide the basic information on the sourdough bread
made with probiotics and yeast(Saccharomyces cerevisiae) and to establish an optimum formula for the
development of sourdough bread with high physiological, textural and sensory quality characteristics. The
following mixing ratios of probiotics and yeast were used: Test 1, probiotics: yeast = 1.5 : 0.1; Test 2, 0.30 :
0.02; Test 3, 0.15 : 0.01(g/g). Fermentatioin using sourdough resulted in increase in number of probiotics in
sourdough by 244~642 times but reduced pH in sourdough. Contributions by yeast in pH in sourdough were
not as high as probiotics after the first fermentation of 15 hrs period of the dough. Among the three groups,
bread volume, crumb firmness, crumb thickness, crumb elongation, compression force value, and specific volume
of bread of bread were not significantly different. However, in sensory evaluation, flavor, taste, overall
acceptance in sourdough produced by Test 2 markedly improved(p<0.05). These results show that Test 2 bread
had improved sourdough properties, compared to Test 1 bread and Test 3 bread.
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1. M2 ol Al olo] Tt ¢ W AHRIHQ] Akto] Z71e
31 QJH1-3]. Sourdough breadof= o] WlF ol B3
A7 So] WohRe] BE Asbstel A 4TS 9l AR o9oE $4KE 5ol A7bEn, o5 vl4ES
AR G55 A ngEo) AvE #F& AW du o] Atk ERE il 9ste] whel Fu|, 4l4E
i ARg-5lo] A 23k= sourdough breado] Tjgt AZ =7} AR, A3 9D FFHQ A 7540l 7H’$j!ﬂ‘:}
/‘l_ 17(} : 7] & (kihyojang@kangwon.ac.kr)
H2so] 114 049 229 2o (12 119 059 109, 23 1149 059 169) AREAY 119 069 092
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Probiotics?} Saccharomyces cerevisiaeS ©]-8-3t starter ARgFo] Wlawlo] Z 2o njx]= ek

[1-3]. 553 AgkE 7FA+= sourdoughi= U3 o] ¥hois}
= AR ERol wet 2 JFE whon, AMg f4kt
S A nel As7te] Jee i1 vhon sourdough
2 WHECHA] WS ZAeks G4l FRo) nieh
wpahEe] 9714 Mol 2 SR FA4T 714
BEE, A 4R Q] WAAYE SEbXItH4]. E
g ol V1sds Wrkste 8% AR sl
fermentation quotient(FQ; -3-Ak} 2Ako] ZH)E ZAAS}
= AR A E AR o] A E Aol A A E]
], ZARS o E Aol A TE A ETH4,5]. AR
SRS ddstA ks E4o] o, 4k =2FH

Sourdough bread A|Z2} TWEStY] Bifidobacteria[7],
Lactobacillus 43[1,8], Enterococcus <3[9]15©0| AME-%E|1L
At} Bifidobacterium
quotienti= 0.880]|w], o] 2-gA] 3, A%, B2 H7t
FolA R AMSEE AlFH T fpsithar A 9
on, fARFEY] thAtAREof o5 thARE AT AlE L] W
pH 59 o|f=E wawe] Aol FFETH10,11].
Lactobacillus acidophilusa-2 94, @54 Sof ojgt U
4Hgol FHolutar, thfdt =2 AAtste] Rk H
B dtoll digh Aol gt LA At S
2, sourdougho]| A EAf|gt= o] I UTHA4]. o]zt

longum®] 739, fermentation

W 715/d0] dEdl B faktEol itk sl ol&
HAAEES AAE Aol 28517 flaliAl= o5 v
9 IRoA A= WAHESS A dAA
otz Aol 8% GRAS(Generally Recognized As Safe)
n =TS ARg-Stolof SiTH8]. 7], 4 W f4E
TEO| TeFet A2 EEo] whaw Ao AELE]
(starter) 2 ARS-ETL 9l O1H1,2,3,8], FE3F A HS
A7F S E =X o] tisiA = mIRlolth ol
A APH R AN EE AR 5 HELE AR
2 H o) A+= GMP(Good Manufacturing Practice) A]
Aojla] AAHE FAFo 2 WS Askste] AEHEFES
MBSk E, oleid ehaAel BuE fAES 7
2709) Zwlo|4) | golett Beld o] Yonz,
15 v Bl U B HHaHs HaAeY

Ffeh teslo] Basiel. olo] 3 e WA 4
o=z g Fujr} 7Fs3t probiotic HAYEQ]l B
longum, E. faeciumd} L.
Saccharomyces cerevisiae®} Z3}5}o] ARE-3}11 probiotics
o} aro] A7 JelshH Al sourdough HasS 23
sto] £/d % sourdough bread?] o]3}sha] AL HA5)

T ARIES HAsle AT sy

o 2o
[y -

2o

acidophilus7}  probiotics2

2. Mz A AU

21 M=

ARG v A= Bifidobacterium longum KCTC 5734,
faecium KCTC 13410,
acidophilus KCTC 39257} A4t 7|Z0 2 1228 E3
H AEZEOSZ Cell BiotechAHGimpo,
Korea)oll A} GMP Al dojA WA & 5402 A&
TABFATE B H(S. cerevisiae)= X A HZ Jenico Food
AjSeoul, Korea) A& AMgaMch wrbR(ZE,
Samyang Milmax Co.,

Korea), A8}(Cheiljedang Co., Ltd, Seoul, Korea) 12|l
SK-100(dough conditioner, Shinkwang Food Co., Ltd,
Gimhae, Gyensangnam-do, Korea)2 AR-3}$iT).

Enterococcus Lactobacillus

GyeongGi-Do,

Asan, Chungcheongnam-do,

2.2 Sourdough starter HM|ZE
Probioticsy+ 1} § 25 0]-83} sourdough starter®] &3}

HES 23t AR S A 2SFRTHE 1).

(2 1] 2ehe) vlge) g waza
[Table 1] Composition and fermentation condition of
sourdough starters

Ingredients

Temp. Time
D)
Flour Water Probiotics” Yeast ) (hrs)

(8) (8) (8) (8)

e g 00 500 1.50 -0 15
500 500 : 010 30 15
500 500 030 - 30 15

Test2 500 500 - 002 30 15 °
500 500 0.15 - 30 15

Test 3 500 500 - oo1 30 15 °

Y B longum, E. faecium and L. acidophilus.

7+ Q7R 500 g, & 500 g} probioticsw2 212} 1.5
g(Test 1 ), 0.3 g(Test 2 1), 0.15 g(Test 3 H)= 2o
15417k ok wha A7) ATk ZE A 500 g B 500 g
I awE Z17F 0.1 g(Test 1 o), 0.02 g(Test 2 ), 0.01
g(Test 3 )2 gol I5AIZE Bt HaA] AL 283 &
et & YT 24 10A17F Bt FEAIZIC v
o 37FA] B 30°C 7oAl 5 25A1%F WA AIH T

23 Mds+ &3

Probioticst+ HJS 9J3t vjA]:= MRS agar(DIFCO,
St. Louis, MO, USA)Z 7}ol5A1H 0 & Algate] Wziat
2 o7le] oiyoer WHd HE FHE fE
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0.006%T} ofAT 2 AL 0.1%2 Ftdoz Hrlatac
[7]. &x9] /\g%e ] 1“ YPD agar(DIFCO)E A}&-3}
T} 7]. Probioticswt HiYS ¢5te] MGC AnaeroPack
(Mitsubishi Gas Chemical Co, Inc, Tokyo, Japan)2 ARE-
Sheleh 10v] AL oz 34 AR ARE A
Hiz o =gste] ZekAE g7 Hal of7]o] MGC ¥

7174 7|1EE 4ol  u|9F7|(SI-4000R  SHAKING
INCUBATOR, Jeio Tech, Co., Ltd, Seoul, Korea)o|A4] 3
0CoA 29 &3 vigstslen, At 33 4%
colony=& A|& g colony forming unit(CFU/g)& UE}
Waich

2.4 pH &
kg2l

I
0

sh5e] Eo] A4 GHES S em Yol
o] pH meter(model 720A, Orion Research
Inc., Boston, MA, USA)Z Ar2o)|4 =A3}¢ ]

I 5%

STE 59

R 27 Hrge] M2 uEe] WAL
sourdough starter®] 9F & 8- é@’é}-ﬂ YA B RS
9] sourdough starterS 100 g¥-S 2 F|5te] Ha LS =
JHAHIIL, 5, B BHADE 100 g5] HEE 5
27 9HE¢] 500 mL mess cylindero] @o] 2Fa(30°C, AF

N

LI 80%)3FHA] 3AIZE 7
ZAsle] 2715
st}

EEERE CE TR
NECEE LS EEER L

2.6 Sourdough bread M=

Zelusheo] oFS 10002 3 uj 25417k HrEslo] A
23} sourdough starterS 35% 5.2 715t AR2E
= ESHATHER 2).

[# 2] ¥& W AxE 9T 4+
[Table 2] Formula of sourdough bread

VR

Ingredients Flour basis(%)
Wheat flour 100
Water 60
Sourdough starter” 35
Sugar 8
Margarine 3
Non-fat dry milk 2
Yeast 15
Salt 15
SK-1000 1.5

" Starter with the probiotics and baker’s yeast

RE JYRE Z3elal SM-200 HE]Z EA|(Sinmag
Bakery Machine Co., Ltd, SEC, Taiwan)E ©]-&3}o] 1t
oA 18, 2o = B & t5ete] 254 3§
e 22519t 2% 30T, ASE 80%2] WE 7)o
A O0RZE 17} HHES ShiL, HIES 450 g Bastol A
204 1583 FPEESITE g ET Ed &
One-loaf2 4§ 3}o] ]—E 21.5 cm, A2 9.7 cm, 9|
9.5 cm ¢l A1 Sofl do] 6027t 22 WA E 5F3ith o]
o, $E= 2% 35C, /%EH%E 90%9] 7oA A}
ot 22} Wt Ed vk S1E 185TC, ofg&E 170C
oA ddE A7)4] 3¢ g ZLE(FAO-7103, Daeyung
, Seoul, Korea)ol|A 2887}
YZAIR 3 dskqinh

% 95 Eof ul

m{m

Bakery Machinery Co.
AL2(25C)oll A 1AIRE

2.7 CrumbScan £

L BojA 7N sourdough breadS 420 A 24A]7F 7
Z)3t Zo] 19.5 cm?] A]W-S ZHtl7|(Daeyung Bakery
Machinery Co.)E ARE3}o] 13 mm FAZ Hosto] 4
Wl 7pg Hopnie] Aupazhe RASIACHI3) 24
7]A| &2 CrumbScan(American Institute of Baking /Devore
Systems, Manhattan, Kansas, USA)= AME-8¥ 1L, o]0 %]
+ HP PSC 1310 series (Hewlett Packard, USA)E ©]-8&3}
et 2F Adake] At 23S wol7] flsiA gt
T4 10% oAk o] S UK(intensity=0.1) =L7]7} 500
pixels(size=500) O[O 2 ekt 7| FEL 4§ AhE
Agsto] wiAlStRl e, 1 FHY FEES 10%
(overlap=0.)Z &}¢ich 33 SHAAE F=rTHAL
2 YEhflch

2.8 HI2X™ =X

Sourdough bread2] Hu]= AACC methods 72-10 FA}
Ao R 2SR Bl FAT ZHE - 4
£ FAR Uro] BlE-Hml/g) o2 et 28
Al T AE A2(25°0)0l A IAIE HZHAIZT & ALS

stglom, 38) 24A0E BeERAAE eyl

2.9 Firmness &3

Sourdough  starter2 A %3k

firmness(7 =)=

analyzer(TA-XT2i, Stable micro systems, England)E O]

B5te] Z5teich. A golele] By = AieH

A WA Alwzzial A gojg]o] 1A ZXH o] Al
_]Z_

S T U
AEE ALt F

sourdough  bread 2]
36 mm cylinder probe7} A2HE texture

zro] Ampe AAA gL A
FE cylinder probe o}g]] oo =31 6.25 mm 7| 2] o] A]
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Probiotics?} Saccharomyces cerevisiaeS ©]-8-3t starter ARgFo] Wlawlo] Z 2o njx]= ek

25% pzRE W2 ) gl Batak

=
2 FSFATH15]. &S ZXAL option: return to  start,

Lo

o =
C‘):!»E_':]___?, ]?_.*—1

o

A

ot

pre-test speed: 1.0 mm/sec, test speed: 1.7 mm/sec,

post-test speed: 10.0 mm/sec, strain: 40%, trigger force: 5
g2 3hlth

N

e

10 s

Akl H7rske]  wh=
sourdough breadS ARE3FR L AL 1U7F HFA|SH
= Aol olgaterh, A U TUATALL
290 34 2092 Aeel Al W U B0
of thato] QIAIAIZIL, B 2IAL el R1el A
of A HEE A BEAA A BAEA

oY

At

sourdough

~

==
starter=

rr

3 242t A
SHAIL, ARl ARG Hme 55 HeHor ot

52 Ak 2221 0] All(crumb color), 7]-5-2] A}El(grain),
K(flavor), Ul(taste)}

(overall acceptance)S =743FAChH

Z7H(texture), AXE F4

2.11 SAXzE|

A} += 1-way analysis of variance (ANOVA) WO &
2AAe) ShATHI6]. B4 ATE HEERAE et
Wl

3. 21 ¥ ax

3.1 AEIET A0 UIE gix Ed HE
Sourdough stater®] A|ZE ¢5}o] probiotics?} & K9]
AR ZHZ) 1.5:0.1, 0.30:0.02, 0.15:0.01 (g/g)Z2 Th=
A &ko] 242k Test 1, Test 29} Test 3 & JLESIGICHE
1). Bkl H7He n]gE9] B_-2 sourdough @ ofA
L 2 Q382 2, probiotics@} TR O] A7} H|ES T
glo] A3t sourdough BHSol EAjst= HdtrE 574
S THAE 3). Sourdoughof|A] ¥ & %7| probiotics= Test
1, Test 29} Test 3 oA ztz 4.50x10°, 2.25x10°,
0.45x10° cfu/gd, EELE ZFzZF 1.30x10°, 0.65x10°,
0.13x10° cfu/g@lTh. waba], 27] yeasts/probiotics H]-E-2
HE FoA] 0299tk 25A17HS HHa3F B probiotics AY
4= Test 1, Test 29} Test 3wolA] ZHzF 1,099x10°,
565x10°, 289x10° cfu/gil, ERE Z+zH 345x10°
266x10°, 169x10° cfu/grh 27] A<= v]3)] 2547t
W8St 9] probioticsT 244~6424) V)51 o
AW Adpe 265~1,3008] F7RRich WA 2547 &

9] yeasts/probiotics H]-&-2 Test 1, Test 22} Test 3 o]
Al Z¥z}F 0.33, 0.47, 0.58 At} whehA], yeasts/probiotics H]
82 25A7ke] W E9k Wsp} AL okt Zlake
AnE Ble, o2ttt 27 nlRo] 2 AqtolA 4
“J3t probioticswt I} B O] 7} HIEW} WA=
1= 3ol AsAs) Ayt W Ao R Ueyth

=}

[ 3] 2EtE o] ARSRES gE|ate] A2 TaE vhso|
A At vl
[Table 3] Comparison viable cell numbers according to
starter inoculum size

Cell number (cfuxloslg starter)

Time = 0 hrs” Time = 25 hrs®

Test 1 4.50 1,099
Probiotics ~ Test 2 225 565
Test 3 0.45 289
Test 1 1.30 345
S. cerevisiae Test 2 0.65 266
Test 3 0.13 169

D After mixing, but not fermented.

? After fermentation for 25 hrs.

AsgAATto] 2oJslH, < sourdoughof| A= yeasts/-G-Ak
T H]EO] 11100 pEolm] MAE = AR oF 2001F2
2 o|FofA] 8. cerevisiaeZ} HHES AA|5HH, FANE
9] ALo|= Lactobacillus sanfranciscensis, L. brevis, L.
plantarum © = JEPITH4]. Y7o maltoses g
3lo] oF 1.6~1.9% 452 soluble BFpshES E§Slal
UL, maltoses= Aol @A7HA] 37F4] & 5FLte]
HAER AAUHE FEo] o) &HTH1T]. AR A2,
permeaseo] &3t} FE
hydrolaseo]] Jale] 27j9] Zredom thAlE= HRE
w2 n], FHAS| 7-9-oli= maltose= permease] 2|5}
S4% &, maltose phosphorylaseo] 2|5}o] EL=tti}
glucose-1-phosphate 2 H3lj|E= tAIAHZE wlE2c) L
sanfranciscensis, L. brevis, L. acdophilus 52| -{-AH10]
o ol siFEh AR Ao,
phosphotransferase systemo]] 2]3}¢{ maltose-6-phosphate

maltose= 2 maltose

maltose+

2 545 3, glucose-6-phosphate®?} glucose-1-phosphate
£ FofE= A2 S T2 E. faecium FO] FANE
o] of7lefl SiFETH17]. AlSHA 71-o] dAFH L
sanfranciscensis®]  739-ol=
glucose-6-phosphate2 W E|o] 4| oA o]-&FL,
EEGo] Aol 2A) 29Jo] maltoser} FHHA )
S mEe A gz Husle] AwE g

glucose-1-phosphate+
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o2 tjAEo| 9Jste] o] g-HrH4).
Sourdough starter®] WHEA|7H} M 71eFo] w2 pH ¥
e SHSAHaH 1).

0 5 10 15 20 25
Time (hr)

(33 1] ¥k=9] pH Wiz}

[Fig. 1] pH changes of sourdough.
Symbols: O, Test I1(probiotics); O, Test
2(probiotics); A, Test 3(probiotics); @, Test
1(yeast); M, Test 2(yeast); A, Test 3(yeast).
Arrow indicates mixing sourdoughs obtained
from probiotics and S. cerevisiae which are
incubated separately for 15 hrs, respectively.

A& 15A1%E

E9kS probiotics?} yeastZ Upo] =
o7 Wast &

sgteto] ThAl 10A17F <t W st
ou], 15A17F o] A3t ERG Fmixing)®] pHE =5}
ot R Z7| = 67HA] 79 9h59] pH= 6.07(Test
3 (probiotics))~6.30(Test 2v(yeast)) HFoL), &a
7} XY EHA] pHE B Sdeh 159 pHi= 647 ©]
Folls BE w504 pH 6 oJstE Elon dE W
ARt Ae S48 dastlh vi59] pHE AR S
A&7 A-Hrh, probioticsE & kol A AHIS}E|
L AS Hyon, FUHA] nAE BE 27 15A17F &
0}4 Hh=9] pHE JEFol Yo g Hasigich +
M AmE E37E A Foll= pHE probioticsE &gt
HH50] pHO} H|WA] oZF F71skgl ot Wart g =H
A Hx}F 7AEFo] Test 1, Test 22} Test 3 A| 79 HZE
pHE= ZH2) 4.02, 4.072} 4.09%9t) o83t Ay} g
THE= pHOL AME O] W3l ABME Y] E2At=
SakEee] Z7h 9 Sk 24 A4 ee PP
Sicke 217 2rHET SARIALEI0L ERskeet &
2 ARESE sourdouh  starterof| A= pH7} 1¥%o)=
4.5~6.0, 3T o= 3.8~3.92 AH3}E|o][10] & A+
3o} G ATFE UEplT WE A 9417} o] Fo
= Test I(yeast)ol|A] AZEo] FAE7] AASFA L, 124]
7t o]Zo]l&= Test 1(probiotics)T} Test 2(yeast)o|A] A&

3

O{N

o] Haich 18*]” ojFofli= s AlRofA & Aol
AERL 5 FaHe} vhsolA AR 22 Fo]
ghelg] ‘Zi‘:}.

Sourdough starter®] Wra W28 =514 1:]-(161 2).
54 RS T ¢ uE Ree G 27}
gto] 18AIZE WA AJo= Test 1752 75 m 01]/\1 225 mL
2, Test 272 90 mLoJ|A] 265 mL, Test 37+ 90 mLoj|
A 270 mLE 2.9-3.08] Z7}sk.0u) 25A] 7k Al Al
7HA] oflA SdstA thE 2HE BTk Test 1704l
= 75 mL(15A]17b), 225 mL(18A]7F), 190 mL(21A]7h),
150 mL(25A]7P)°E Hato] 18AI7 oA Zoff a2
S el & 7443k BHH, Test 23204 90 mL(154]
7h, 265 mL(18/\] 7b, 320 mL(21A]7H), 260 mL(25A]17F)
o= wste] 20 Al He) W BFEL ekl 5
Zastgion, Test 3woAE= 90 mL(15A]7h, 270
mL(184]7H), 320 mL(21A]7h), 290 mL(25A]7H o2 Bia}
o] 18A|7Fo)l A H o] wrg WS el & _/1\_3]_93\
o} A3 0RO oFo] HH|g A oZ o wa WX
g Uehlis WA dojglet Wa e ulay
£9| ‘?:_*i%oﬂ NAE= CO, 7FAE HHEo|| 715 2= 9)

£ see el el s el 94 55 0y
3 i) gtk o Ak WABA L Waszie] 4
oja4= folxom ~7mm AA 3]0k A5 E

o WIS HBE B WA Yol Belstol
AR fARES BRI A9, B e
S s, WS WA Frfe 1w 9)
on[s), olejgt olfi kel ofstel AAE ThARE

o) wEo) YEg ?Eﬁ*lﬁ A 7hAE BRAOR

e 5 QM EekiE Ao dyE.
400 = miXing
rrrrs 1810

= 21hr g3

(8]
(=]
o

s 25 hr

Volume (mL)
N
o
o

—
o
o

(38 2] wo) 2 vis}
[Fig. 2] Volume changes of sourdough

B AToAE AgH 0w wago] $715He Aol of
e wz|7ro] AolAm wHEo] AHgE} HRA o]
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Probiotics?} Saccharomyces cerevisigeS ©]-&

St starter ARGl Ao FAof A= ¥

2 gars Aoz AlmEch B3 W] U=}
ZFAH 2L pHO| “‘@6}71] &5 ol, pH 5.0 oJsof A
= AR o] ofstEo] WAkl 7hAR o] I
2E 0= AAIN2]9} AHETh B e A= pH 5.0
Hoh 24 W2 pH 4.5 o]stol A kAR f2o] F7tst
=, probiotics®] THAMEES] fAR} AR 5%
oME Amol LS FFAZIEE pH 5.0 Hoh W
Aol ZZAAE Brar} R|&EE Aoz sutEn 2
FH o g 25A7F WaEFE B APz E Test 379
A 7P 2L AITE FHY 290 mL)yE HPOor),
FAZE 21A7Fl| A= Test 257} Test 33tol| 4] W =%
320 mLE Ho|BE AMgSh= AEFE Q] AR ¥
sto] HaARE 24T dart oloka Az

offt I

3.2 AEIEZ ABZ0 T2 wo| 54

WHEMe] CrumbSean®] GAMTH AR A o9 WA
el o), /3ol kel e, 44 £AE S5
tH1® 33} E 4). Test 20| A 2,274 em’E Hu)7}
F & AoR e, WEgo] 7P 2 Test 32

2,166 em'2 27| ekort golel Hol ¢lgiet.

-

[a3 3] Hawe) 71g I
[Fig. 3] Images of sourdough bread
[Left, Test 1; middle, Test 2; right, Test 3.

[ 4] dawe] 544w
[Table 4] Characteristics of sourdough bread

" Samples
Characteristics
Test 1 Test 2 Test 3
Bread Volume(cmS) 2,228+39  2,274£73  2,166+102
Crust thickness(cm)  0.29+0.05 0.31+0.05 0.33+0.05

Crumb fineness” 762.6+32.7 738.7+38.2 744.5+22.9

Crumb elongation®  1.49£0.06 1.39+0.07 1.430.12

YMean value of three samples.

ISize of crumb cells (1,000=compact)

YA ratio of the long axis over the short axis of crumb cells
(1=round).

SoUs Seue AMgslel AzT Awel S5
BASGS W breade] Hals 2069
em’~2,536 cm’2 UERY18] B it ZAE who]
wa} oph 2 Aoz vtk A% 4de e
Test 120l A4] 0.29 cm, Test 27-of|A4] 0.31 cmo|™, Test 3
oAl 0.33 cm©. 2 starter 1]AYE2] A}—9-31=01] vy 5}
Loz Uehgou} fogel 2
AW 540 B4E AT e o) 7S ol
o Al 7139 2= 9 9 o 5
o, Aol o
AL P‘—J a7
[19]. 7]—5—4 ZU X Test 1, Test 3%, Test 2—?4 &
o= etort 18719 959l Hol sk 713
o G 10] 7PIeE 7139 Felrt AFel st
£ AL Yepu wie) BT 94T Bgel Un
[18]. 7]52] HE= Test 2+, Test 3+, Test 1-8] £+©
2 230 ke Wl BRot $o18) Aol gl
itk o]#st A= sourdough FH7}Fo] Z71E4-E 7]
Fo] A1 BFYsithe A3k tha Zpo)7t ok
Starter®] AN 2H2]3}o] A%t sourdough bread
2 olgato] bread M §HS AW O St
M gHo] 242 o] e} NI RELS
ugHo] 2o We 7 go] Zusii o) vual

CrumbScan

=

qus)
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[Table 5] Specific volume of sourdough bread

Samples
Test 1 Test 2 Test 3
Compression 149 41149 11194182 114.8+12.2
force value(g)
Specific volume 551,095 5814004 5524034

(mL/g)
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[Table 6] Sensory characteristics of sourdough bread.

Samples
Test 1 Test 2 Test 3
Crumb color  2.65+0.59°"  3.20£0.83"  2.75%0.55"
Grain 3.15+0.99 2.90+1.17 3.50+0.61
Texture 2.85+0.88 2.70+0.86 2.95+0.60
Flavor 3.00£0.79"  3.60+0.60°  2.95:+0.60"
Taste 2.8540.81"°  3.75+0.44"  2.75+0.64"
Overall =5 95:060" 395:051°  2.75:0.55°
acceptance
Y"Mean with different superscripts are significantly
different(P<0.05).
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