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Study on Bread-making Quality with Barley Sourdough in Composite Bread

Chung-Hee Ryu, Sun-Young Kim
Department of Food & Nutrition, Kunsan National University

Abstract

Waxy barley flour was fermented by two kinds of starter cultures; L. plantarum and L. brevis, alone or in
combination and the effect was evaluated on waxy barley and wheat composite bread quality. In all three
batley sourdoughs, fermentation decreased the pH, total sugar and reducing sugar, and increased lactic acid
bacteria cell numbers. However yeasts (S. cerevisiae) were reduced. There was significant difference in
physicochemical characteristics between the reference(composite barley dough containing improvement agent) and
the barley sourdoughs (p <0.05). Barley sourdough fermented by L. plantaram showed more desirable
farinogram properties of peak time, stability and elasticity than that of the reference. The rheofermentometer
data for L. brevis produced the most CO, telease curve, whereas L. plantarum held maximum CO, retention
differed significantly from that of the breads made with barley sourdoughs fermented with the respectives starter
cultures (p <0.05). Barley sourdough bread fermented with L. plantarum resulted in better bread quality than the
reference bread. The positive effect of fermentation with L. plantarum on bread quality was evident when
comparing the well developed protein-starch matrix structure of the bread baked with barley sourdough with the

reference bread.
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ng/ke)e FFol vlwAH FHsto] A7 FAFg o
u) Zx)9 Apdolul 2 YAHE)Z rice extender, T
¥, 2aa, FFEA R o]&Ha A& ¥(Bhatty RS
1996a), Bl S79 IR Qs AW
FHo2 48U Utk ED
g B% 2 gluend] FAFH FAlo BRI AELY 5852
T7F AR Hs) E7] W Fol AEo] BRI =
FcHRyu CH 1999, Batty RS 1996b). oj&d ° &%
9 *ﬂ“"“éq] #3 BEAFE nasax A4 Tdm
738 7R sourdoughe} E2)3etd &4 4 o9 A
"%”é"ﬂ o dA77F #98 uk ASFHA LB
mmer JM$ Loreng K 191)& E& sorghumoji}
rye(Hugo LF £ 2003). wjX=el(Marklinder I 5 1996,
Marklinder 1 ¢} Johansson L 1995) 2 %33 (Hong JH
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78 - : ‘ 33 Sourdoughe] Awg A+

5 200008 ¥ Sourdoughd} A@e] FFHA &
A A&l BaEs 9ld.

B A& T o8 3 F EAAZAE
g7t A o9e ERe e FHAAS
ourdoughE &&F 7S w9 Fn, ABH, M3
59 EZAA &7}/ At} Faid M S 1994, Cho NJ
& 1999, Brummer JM$} Loreny K 1991). o]l ZA4F
4 aR J5Fgos s ¢ay, dWA o]
SUEI ofril, peptides D W 2 WitEo] A
deo] AWAl FnPEoz HoHY] gFEog Ui
g3 Qi (Collar C 5 1992, Meignen B £ 2001).

olo] £ AToAME TAXGAAN A 38R
g9 &84de=2ZN 2 sourdoughd] WIHEH S A
Ah AAFER FAEA AU S vZPE S0

R Y

1. X2
AFER(G9E 120%, 3E 07%, F& 133%) =
A 471 El A FYste 150um (FAINZ

EASRIL, ZEEOIAE, ©¥F 11L1% ¥
0.39%, <& 132%), & R(instant dry yeast, S.L

Lesaffre, france), JEZ4HFF(L. brevis, L. plantarum,’

CHR, Hansen), ascorbic acid(Wako pure Chemcal, LTD),
glucose oxidase(Gluzyme, NOVO Nordisk), SSL(Sodium
stearoyl-a-lactylate, LA1-§3HE AlLstEch 2 9 A
ke g AgIR

2. H2| SourdoughX= %! Xt

D715 AAZFC%) A st Bt 8 5
FwwERL TEZFR%)T A RAF01%)E
FEY H F271G0TC, 20/l 2EAA 2
brewE AZsAth L LIHRT0%) S} THEE F 2
oA 3%, 3904 28, 4G9A 28 w58 FA4
3}3l(Table mixer, Kitchen Aid, USA) 2& A %9
pH(pH meter, Orion, 7204), FAIZ(AACCH), =T
(phenol-sulphuric acid4), 293 (somogyi-nelsony), 2
AF(MRS plate count) ¥ EE(YMulR o] )& &3
sttt Awe] YuujdulE Table 13 Zx A)W373
2 AACC straight dough method(10-10A)2 3 515l c}.

@z H 3 A] A21d A 5E(2005)

3. Hixo| B4 U UFAA

Farinograph(M 8101, Brabender, )l &} w59 &
8, EPPARYL HFE, 9BlE & theofermentometer
F3(chopin, ZF)2N 15845 2 71243 S
A g &, dsulule] g2t 49 wE 315 ¢
£ 2 kg weightZ AMg3Sto] 28TColA 3AI1F @A sty
THGobbetti M 5 1995).

4. Lig9e| OMTZ=

Microscopy(Olympus BX 80, Japan)& ARE-3te] wWhs
I @ YiE SAEYE 05mFA St 1% agar soln, 1%
glutaraldehyde(pH7.0)0ll ZLPA]71 ¥ historesinel] A 8}
3 rotary microtome(Leica RM 2145, £Q)2 24 4/
A2 cuttingdtg Tt o2 Light green ¥ Lugol 8%
foaog AN & #stgrHAutio k¢ Laurikainen T
1997, Autio K9} Marttila MS & 2001).

5. HusM 3 ZHsHEA

o] oaf volume(Z AR &), ¥ (Halogen moisture
Analyzers, HR73, 29]2), &8/ %=(Aqualand LAB,
CX-2, Japan, AWLZ 20:27C), A %(Chromometer
CR200, Minolta Co., Japan) % E4(Rheomeer.
CR-200, Sun Sci.Co., Japan) 5-& Z733}%th Rheometer
o] Z24x%AL tble speed 60.0(mm/min), critical dia
30.0(mm), load cell 2.00(kg), A& %ol 10.0(mm)% v
wo] A= 789 BEE FTdLE Stog B

Table 1. Basic formula of sourdough bread

(Bakers %)
Wheat flour 100 70 70 70 70
Barley flour - 30 - - -
Barley flour brew - - 60 60 60
Yeast 3 3 3 3 3
Salt 15 15 1.5 15 15
Sugar 6 6 6 6 6
Butter 4 4 4 4 4
Improvement agent4 - 05 - - -
Water 56 65 35 35 35

' fermented with L. plantarum 0.1%

% fermented with L. brevis 0.1%

® fermented with L. plantarum 0.05% + L. brevis 0.05%

* Ascorbic acid 200 ppm + glucose oxidase 0.01% + SSL
0.5%

- 734 -



#49 -

9 o, 2, A, AwrFe 713 %) vhs) 5847
Hell g3 HriESsa, 494 HBL ANOVA test
¢} Duncan’s multiple range test2 1A 5t4t}.

. Az & s

=
1. 22|7}1% brew?] EAM

Aol UE BILFE brewd o)3EHHQ EHLS
Table 29} 2t}

LEER P 2719 B brew pHE 593:0022
A 30ColA 20A17F @& & L. plantarum AdFE
402, L. brevis A= 385 2 059 &= 397
€ UYellled 24t 9§ (Charalampopoulos D &
2002, Salovaara H. 1998) pH ZAdAg JeERG oM
o] ;& pH Aole A9 gtk 2w 2719
B brewd] 4% 1.010) w8 & BAAF A= BF
S7tste] A4 EFA T} 23002 oa BYO
M L brevis A2]Felx Foxoz dsith &9
A AYF EF @3 2008 § 223 2s
o L. plantarum 2} = 10°x204, L. brevis:s 107x25
g EFAYTE 103218 JeQe QuiRos g
7HE, BE 59 IHE JEE @ 2w 59 7
A B T AT Fol el g Zojr qle
Y 10-12A 3 744 A B E, 12-48A1 73747 A A
712 B IE 3 )oj(Charalampopoulos D 5 2002) ¥&
20717 &) HFAZ] wE FAF 9 WHE A
0 Aoz dZHY.

EY 4 A8 Adase AY Aolrt glgled
o]+ Marklinder$} Johansson®) H.19} dx&gt
i 2 A9 HF Z4F57) olv) Rag gE B
g warzide AAFS  10'-10°(Charalampopoulos D

179

WEoE 49,
LE AY 39 BUYS AR 464%% 3792

dg T AHIdF BF Fas9a L. brevis A7t
FIHLE (P <001) Fyrt FF wE F 53] U
71914 glucose, fructose, maltose, sucrose 59 BF
7b B dAMY AR 9F  ZaEHEd
(Charalampopoulos D & 2002) L. plantarumi= glucose]|
e EolAHl AZEE EAThy i (Gobbetti M &
1994). 71 ofd A2 & HAidg e o
R EEE %9 AM= oAl opzals}
AGe A AfAL e ol JIFHRE, B, &F
s

&, 8, a4 57t A4y wEe] Bed W 3
q, AF 59 ¥4 FPol BT 7Y B48E, o

el We|EF, AW J2HER, 4F ¥ A4
5

Zbato] a7 JFBFALE /M Q)

1998) & BT bewE FHE 7142 F AYAQ
ABEFIS G

2. H2| sourdough?| £4

1] brewd "7HEY EFste] wisetn waRe
7 LE(BAIZE 28T)AI1Z1 B2 sourdough(Table 3) C,
D, E9] pHY: 43846002 ZAsQ1 o] % L. brevis
AZHFOyt 7 ggten wavvoz wgAz
71 A&7 A% EIA7rE 7 Ax27B)8 pHY
Hets diideR vnstgth

TTA 9A) 27 sourdougholl Al E%F 43 Uit
Hx2TFA)e B7bE 37 dZ2FB)= Hlad Yok
t}.  Saccharomyces cerevisiae ©E0 2 Wg A}zl Wyt

F dz27HA)Y REE J7EB®E CO; ¢ A o

S 2002)¢%= Aol7b AEHE o]RAL RaERAN %) 2 5713 (53] oHELNHY A2 2(Gobbetti M 5
Table 2. Mean(n=2) of pH, TTA, cell numbers, total sugar and reducing sugar in barley brews started with lactic acid
bacteria”
o Cell numbers Total sugar Reducing

pH o (cfifg) %) sugar(%)

402" 2.15% 10°x20.4 31.6° 2.9°
L. brevis 3.85° 2.09° 10'x2.5 304° 2.1°
L. plantarum +L. brevis 397 2.30° 10'x2.1 36.1" 22"
Yafter 20h at 30°C

>The initial cell numbers of lactic acid bacteria are 1.2x10%L. plantarum), 1.1x10%L. brevis) and 1.3x10°(L. plantarum + L. brevis),

Tespectively.

®Means within a column with the same superscripts are not significant(p <0.01).
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1995) pHe TTAS] WSyt 22 Aoz AAHoH
BERY Aol EF AP 127 sourdough(C, D,
By oM EA Y vlg AEr} A Aate]l F2 A4
¥ o{(charalampopoulos D & 2002) pHe] 729 TTAY
Z7F7F F3RE9 e sourdoughZtell §9j&Ql ol
ANHp <005). =& Bt A7 A27@®)7 L7t

F dx2TFA)RY 2 pHY g8t & TTAZ
QUE YEd Re 2Ry 9ud, g2 2 B

-glucan ¥FKim SY & Ryu CH 2003)0] o3 g=%

(buffer capacity)o] R7}% R} =7]

ToE 539

THMarklinder I ¢} Johansson L 1995, Charalampopoulos

D

o WMEY FHEQ B4SEY 27 3 W
A%s w@ Last AGsjol pHA Gotgel
4 A8 Q¥ glycosidic bond7} 72l
JEC 5 2002) WS WAY wrAG B
U A7he wERG A0 o8 olgned 2

S 2002, Marklinder I 5 1996).

=
=

ax
-

5

=

a9 £3 U 8935 ghsg 42y b ny o

Q

—

Raccach M 2003)2 <
sucrose, maltose

F83% oA AU (Charalampopulos D £ 2002,
A

Utk EE glucose, fructose,

9 invertsugar §9 HEH G T

=4

de 12% 550 93 (Becker R 3} Hanners GD

191) R

11-30% TH=o 9 vhiMacGregor

AWS} Fincher GB 1993). 3hd utE 3417 39 wa)

237 Sourdoughe) A#4 AT

sourdough®} # FR 9} A9 Aqg4== Table 3041
¢ Zo] AdFgeTE TR BEESTE HEAE
b olEd @42 AL g pHO A3}; wWEoz
Meignen B 5 (2001), Gobbetti M 5(1995), Marlclinder

£(1996) ¥ Charalampopoulos D 5 (2002)¢] X 38}
AA AT

LrHEe HaErte 27y S warg J3
pH(4~-6)% fAtste] Bl sourdoughol] ®lsl WE =AY
Ego] BAT o]9 A EFE QI glycerol, ethanol Z
129 fusel oil S (Meignen B 5 2001)0] 9l&) &L
< ALE AR HAT

o

o

| =4

3. 52| sourdough®] &g kAt 9l EA
Zd w9 EBAH @HEYRL  farinograph9}

rheofermentometer 2 =723+ A3} Table 49} Zgtch @
7HE RTHA)Y B F5EE 605%, BaEsHE Hrt
HQEZTFB)= 678%F B9 A oj4d-f(B-glucan)ol]
3} Z71etHtHCho MK 9} LeeWI 1996, Cavallero A
€ 2002). B2 sourdough{C, D, E)¢] & S48 9/t
F yz27FA)EG gy B tRE7 dRTBE
s g4 g9otth oA REFY £&4(01-3)(1—
4) B~g1ucan0] 3 w2 7% (water-binding capacity)
< A 2aE F RS A4 Wy B

=

-glucanase, cellulase 5o s} 7IEs|(Wang L 5

Table 3. Characteristics of barley sourdough using lactic acid bacteria and saccharomyces cerevisiae at Oh and after 3h at
28T of fermentation

- Doughs” A B C D . E
Oh 6.01 5.74 5.22 5.10 5.12
pH 3h 5.50° 5.63° 4.60° 438° 457"
2 Oh 1.3 1.5 1.8 19 17
TTA? 3h 19° 2.1% 36 3.8 3.5°
Total sugar Ch 672 64.5 63.3 62.0 63.8
(%) 3h 40.8° 37.4° 442" 41.2° 454"
Reducing sugar Oh 39 45 4.07 44 42
(%) 3h 2.1° 3.3° 25° 2.0° 2.3°
Lactic acid bacteria oh S . 22 25 23
(cfux10%g) 3h - - 20.4 33.6 315
Yeast counts Oh 37 35 35 3.6 3.7
(cfux10%g) 3h 25 26 1.4 11 12
' same as Table 1
- ? total titratable acidity(m¢ 0.IN NaOH/10g dough)
¥ not determined
9 means with a different letter were significantly different(p <0.05)
HF 2 A A A20F@ A 552005 - 736 -



#793

1998, Marklinder 19} Johnsson L 1995)F]0] E3}9] &
Ho] ta yobzl wFolgal o2 g}

WS FHA7Y peak timeS 7FF @Wd FAo
710l EHY ZgEo] vEgEHT) peak timeo] ZH),
E9NBAE AVtehe  RERA®)S BE
sourdough(CD,E)7} vld ZAE BT wx9 ¢t
AEE WE dZ2FA)7F 712 943, L. plantarum
€ AT 23 sourdough(C), B/t A7/F dx¢
B <42 gt R 27 q21®)Ye 3¢
L. brevis X FD)Y EFHYTEETG tha HFE
7t #%ed ole EXAMTAREA, 43N F7}

ToE2 AIRHYCH E sourdoughd] HFEE A
A ol @ Zolrt AL RAF wrE9)
AHF L sourdoughd] wBEH Fg¥ FAHFHLS
& 394, flow behavior 59 248 WA 7|=H
(Meuser FS$} Zense TH 1993) @& %9 amylases,
protease & hemicellulases £0] 7129 B & E s
3 FAe] gt pHY At gL EF - ety ust
€ HE 32 AAHE gluten AP IFL &
Aoz Ag®tiWehrle K & Arendt EK  1998).
Bifidobacterium bifidumS ©] &% WrLSE brewdE ulE
of A7ISt Cho NJ 5 (1998)Y RN E H7MH
brewsl WEe) FYEE FAHATT FRTH B
W5 BT AFEYG A9 2 AEL Hgod
B3] sourdough = L. plantarum 8] 3(C)Y B4 o]
Fote Z2AdaRgel EYAEAE AL B S
2o w5 EXdEste) % aRAdL & F 9l
Atk

o8 gL WAL WEY Wi Iy

o

g9y o

totr

AP 181

£ gA3H Table 49 theofermentometer 23 X o) 2
ERY it

L. plantarum¥} L. brevis® & 7}2B P HVDES ¥
7R RHAY R A7 d2FB) Y ggkh
ol ZAbdl &% COA4o 719138 (Gobbetti M
S 1995) homotypeQ! L. plantarum¥Lcl heterotype?! L.
brevisA 2] 7-D)7F 713 BRE SFATENA=
238 #Fastd A FolY vF T2 X
of w& COB4gel zel7t vk Anaya MAM &
(1990)2] B9t AHFET. FA BRELGRE L
plantarumo] A7} RFA)RT da FQkAL L
brevis A FOx 7I2A8TE Mg Btoy 7k
H{gol 7bg Yol farinographd] ¥h59) GHP=ot T
AZF e A2 AGHY o] FES dog a8
of & FABTL AANG Hu WEHPPAY xo)
Hm)x A7HE d2TFA)7F 7B s%en Berhs
27 AZFBYF P 9% ol REZME Ut
(30%)oll 23 gluten THAZF o] A F Aol AR
o 2y BaraEsl A998 2 sourdough(C, D,
Eyb Bel7bs A7 dE2T@) B9 £2 2L ve
1} protein starch matrixol] FAXQ W37 I U
ey Foich @3 wEgA A sk S AR L
plantarum} ] 77} 7b¢ AALHA77R) BHY7tSF A
7} AZTFB)S EFAATFENA FHRow raTA
£2o(X)= YR dE&T(A) 045904 023~0360=
Faste) WaR gEog wgdhes 3 Eo A
AYE a9 e 4 dart AJI dojds &€ F UNA
o 6959 JhAvE &7 AFste 71Fe] 4717
A& A2 ®BEi7hE @7t dE&2TB)9 L. brevis

i S5

Table 4. Farinograph and rheofermentometer parameters of barley sourdoughs

. Farinograph : Rheofermentomieter -
Water peak Stability. - - Elasticity V1 V2 R <
__ absorption(%) time(min) (min) ~ (BY) @) @y &
60.5 7.9 46 110 1819 1431 787 619 045 60
67.8 51 22 75 1712 1290 754 366 030 55
362 52 24 80 1857 1485 800 407 023 61
36.3 5.0 21 78 1900 1420 747 436 026 55
36.4 49 20 76 1782 13718 773 439 036 60

Yfermented for 3hrs

V1 : total CO, volume

R : retention coeff.

T1 : the time(min) to reach the maxium curve height

Tx : the time(min) when the porosity of the dough develops

- 737 -

V2 : retention volume .
Hm : height of maximum dough development(mm)
X : the maximum gas flow(mm/min)
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182 Bd Sourdoughel AjwAd |

A2 TD)7t 58z A L plantarum A& T(O)RTH
w5ltl. Loreng K(1983)o] 98bd heterotype 2479
F8 PP EQ acetic acid:= E gluten 23L& TtslA
89 lactic acide & o S4%E U gluten 2H L
@i Sk ©]RA farinographe] @XM =
Z el 9oy 9 gluten 229 §A-TH w=g]
7t FEA7I7E AT e AeE AZE.

4. 22| Sourdough M|

1) 23] sourdough e EA

Barg Are] EFE 2 sourdough(C, D, E)Y
' pHE Z71F d27A), BI7hE 37 d=70)
9} 22 pH 52~53(p <0.05) .24 W7}F sourdough
ol pH 4.92~533(Martinez MA 5 1990)7} w2 35+9)
THTable 5).

o] FEFFS FAAws wol i Egen £
EE€E4E EAFAZTA) v8) =3 EEAF
Ag A7ME RIVME A7t dEzTF@)Se Aolrt
A9 AATHp <0.05). W RuEs IUAFE F7F o
ET(A) vl HE 8% B, C, D, EAFE &
T fraAdez ykoy EANFAE L3 B
7HF 37t dE=F@®)9 L. plantarum A2 F(C)9) W
37 L. brevis HElFD)9 EFHF B v &)
= o(Fig. D.

W] 3 farinograph 78X Z(Table 4) W53
BAHpeak time) FF=o ARTsE Foa T

Table 5. Quality of bread prepared from barley sourdoughs

" Doughs A B C D E
pH 58 56 52> 53 53
Moisture(%) 394 25 57 40” 395"~
Water activity 087 090 091° 092° o091°
Specific volum(ccfg)  4.95° 431° 436 390° 395°
Color® L 7524° 67.14° 69.84° 6888 69.03°

a -173* 033° +026° -028° +0.24°

b 1391° 1735 1670 17.13° 1694°
Hardness(g/cr)” 160.7° 205.4° 183.5° 180.2° 184.0°

Springness(%)° 89.9° 80.1°

” same as Table 1

? L: lighmess(100 = white, O = black), a: redness(- =green,
+=red) b: yellowness(- =blue, + = yellow)

¥ stored 3 days at room temp

K different superscripts in rows indicate significant differences
(@ <0.05

82.7° 813" 835°

@22 Hers A A21D A55005)

(Boyacioglu MH 9} D’Appolonia BL 1994)u} £ Agof
AE e AFRE R Foh 53] g g
Lplantarumel] ¢ 33 A <0 EZ+= heterotype 24t
ol o Ware &/ F7HGobbetti M F 1994)
o @z AR MRS ghend] HFARFAL
xol7] WEOZ HIEIT cHGobbetti M =
1994).

we) 4L B/tFE &89 B, C D, Bl 3lolA
2y 59 Mo gs FEL)7F Z4LsER EHE
sourdough® 7tol] x}ol7F QLA THp <0.05). Redness(a):=
23 sourdough & Z-¢ tHET A, Bel vl&l F7Hsk
I yellowness(b)y= B 22 ZEE BEJ0 A9
397t A B ARE ZFS 2R ESNEA
£ ASS RE/EE F7 dET®EYD By
sourdough® 9] 33 X7} dyoh B9 A= @52
wo] Rulo] SeME FFE Worl W crumbo] =
ste} A7 ed B8 sourdough®e] B E4
AFAE F71e BE7HE dE2FB)ET foFo=
Yolp <0.05) sourdough HFHgo] We] z3, Hy,
AZAE FA dds 71EY AFEIABrdmmer M

5 1991, Gobbetti M 5 1995, Anaya MaM & 1990,

Crowley p% 2002)9t% 2gtc)

3 W W BEFA ZF(Table )X E =7
o QAME EFAATEANA, Frle BIYrtE
A7t A2F@®AA #d¥ez ¥ IS Y
o] Bz sourdough®] Fm|7F MAHJYS S HA
F3 Ytk

ols wE £ §714, ¢2g, Jd2d= 2 s s}
2y SHEEY A9(Gobbeti M 5 19959 9§ RO
2 AZHQAY. JHT YR, B grd 8"

Fig. 1. Internal characteristics of bread crumb made with
barley sourdough.
A~E: same as Table 1
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Table 6.Senso analysis of barley sourdough bread

Texture . . 4.1° 39°
Flavor 45 35 40 4.1°
Color 422 30" 32 30°
Overall quality - 45° 33 37 3.5%

" same as Table 1

2 values(means) followed by different letters in each rows are
significantly different(p <0.05) scores range from 5 = very
good to 1 = very poor

protease$}  peptidase =5 & xg)g o]_u]L/\]-.rErE o]
Y ATAZ FEstd 55 FL v

ez B3 b %M(Collar C % 1992). A& w7}
F A2FA)9 2tRE €83 B, C, D, E9} o]
7F ey Furyow L plantaumES X3 B
sourdough & A FC)o] EYAFAE
£ A7 d2T@EG $59ATH

- AAG

g4% 2gs

183

2) B¥] sourdough 9] wlA]tz

B sourdough # Uj¥-(bread crumb)g] ulMFZL=
protein& light green© 2, starch:= iodine 8oz 4
et @ 47 Fig 29 guth

AL greenlE ARYE violet/brown/black S 2
debb=d(Autio K} Laurikainen T 1997, Autio K &}
Marttila MS 2001) U7}$ BZRA)= 49 w=E
dMaE AZFT F ARl 23 FL 353d ARYR
9} & dtgdd AL starch-gluten matrixRyn CH
19995 218 & Qo vix3 #4939 7|27t g4
Hol L& ¢ + Utk B JIF AV dx2F®=

2% @ gy

B4 Al -J“H guten matrix= H)
o glevt s34
94g I8
A g

2H9 Qe glutend} $&419)
PN 345101 QAL FNEF Aol FL3}
olFt o] F=2 F HEY Auwdo] W AR

- 739 -

Fig. 2. Microstructure of bread crumb
stained with light green for protein
(green) and iodine for starch(amylose:
blue, amylopectin: dark brown).

A~E: same as Table 1

FFzAAGHA A21E A 55(2005)



184 B2 Sourdough®] AWy A

o H]3) BOX7IE FTHGill S 5 2002).

B sourdough ¥ = L. Plantarum-& 2§ C
EH22 e amylosefamylopectin®] §&°) BS
F A AEYS 3 H7 0% AFHASE R
FA 9 starch-gluten matrix’} #@€ ol¥H 71¥£9
A= 97 Q8¢ KT 9ot

L brevisg A2 & WD) €5 F 7t AAE2
o} (Table 49) VD728 RS 4 gl 2 U2
% starch-protein matrixE FFEA HFJew 727
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