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Effects of Sourdough on the Quality Characteristics of Rye-Wheat Mixed Bread

Mun-Yong Kim and Soon-Sil Chun'

Dept. of Food and Nutrition, Sunchon National University, Jeonnam 540-742, Korea

Abstract

Rye-wheat mixed bread samples made with substitutions of 20, 40, 60 and 80% sourdough, and control made
with the addition of naturally fermented raisin extract, were examined for quality characteristics such as pH,
total titratable acidity, fermentation power of dough expansion, specific volume, baking loss, water activity,
color, texture, external and internal surface appearance, and sensory qualities, in order to determine the optimal
ratio of sourdough in the formulation. As the incubation time of sourdough increased, pH decreased, while
total titratable acidity increased. The pH of rye-wheat mixed doughs decreased with increasing sourdough
content, but total titratable acidity increased. The rye-wheat mixed breads prepared with substitutions of
sourdough had higher pH and lower total titratable acidity than the control group. Fermentation power of
dough expansion of rye-wheat mixed doughs increased with increasing incubation time. Specific volume was
maximum on the 20% substitution sourdough. Baking loss was inferior with the 80% substitution sourdough.
Water activity and lightness was minimum on the control group. The higher amounts of sourdough showed
the higher tendency of lightness, redness and yellowness. In the texture characteristics, hardness, gumminess,
and chewiness was minimum on the control group and tended to increase with higher substitution of sourdough.
Substitution of sourdough showed decrease adhesiveness. Fracturability, cohesiveness, and resilience of all
rye-wheat mixed breads were not significantly different. Springiness was maximum on the 20% substitution
sourdough and minimum on the 40%. A side of loaf of rye-wheat mixed breads, except for 20%, had a poor
break and shred. In sensory evaluation, as substitution amount of sourdough increased, the scores of color
and consistency of crumb, uniformity of crumb pore, gumminess, and overall acceptability decreased; while
the density of crumb pore, springiness of crumb, aroma of rye flour, sourness, and bitterness showed the
reverse effect; the 20, 40, and 60% sourdough samples obtained fairly good scores. In conclusion, these results
indicated that 20~60% of sourdough could be very useful as a substitute for baker’s yeast in developing

rye-wheat mixed bread.
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o] 99 g/100 g 2 77| Aol (3.5 ¢g/100
g)® T} v F=7F Bokn E st

< sourdoughdll H3F A= Lee(5)9] &7 (red-koji)
S 9] 83 sourdough bread® E&EA4, Chae(6)9] lactic
acid bacteria® ©]&3F sourdough bread =9 & 3},
An(7)9] -219E o] &3 S=rF Ao 54, Kang(8)9
sourdough®] TF A 7t W& A F o] EAIHE Kim(9)Y
9 28 LAVBES o]&3 sourdough 7t 2o A
Z%, Hong(10)9] B 7}FFA B3 Enterococcus sp.2t
Lactobacillus sp.& 3 7}3F sourdough7} ]2 A =2 &
ol HX= 9&F Fol At

AAl £US o] &3 Wl B T =E2 3] AgHH o]
™, Kwon(11)9] RSM< A &3t &5 54| @2 rye bread
o] #A formulasell W& AT Park 5(12)9] A FHE,
oY B ZRESNGS Hke Aol /T3t Glycemic
index 4 &3 So] Ao

HZ UM E A dEF e A YEE AME
3tod A %3} sourdough bread7} A7 o 2 Q1A = H A
olo Tt AT F FHGHA Ak tigk FEHo] FF3HL
A2, sourdough’s ©]-&3F Ul o)k AF= vlH| g
Aot

60%

e

A g UF W TF ASHALE A A
Al AFEE = AW E o) )3k sourdough®] &2 tiA] H
< 3R A

5] B o
Rl

AHg sy, =AW 2
(EA1110, Thermo Quest, Italy) & o] &8l 235191,

Table 1. Formula for naturally fermented raisin extract

A&
WrEEe AR DA FACNN i, 258, 22,
Zuue W e e %2 EASY
AZE Het waolol HE U S

A Z3 oS, ¥¢a 7](SP-120, Shinshin Machinery Co.,
Korea)oll 4] 4€7H30°C) i F3sE & vk g o2 60 mesh(250
pm) A2 Z}ste] AHE3sEHA T

pH¢} &4+ (total titratable acidity): HE%E HA &
a9 10 g& W43 Pen-type pH meter(PH-03, T2,

Korea)2 =433, F4FE=+ Association of Cereal
Research(Arbeitsgemeinschaft Getreideforschung e.V.
1994)9] A@HA3)el wet 0.1 N NaOHZ pH 857H4] &
4e & A%2% 0.1 N NaOH®] & mL 2 e it
FE: T+ Abbe ZHEFE=A(Hand Refractometer,
BEESF 3 aRFE AXE 98 30°CollA 4Y w3

1 mLE #H3 % Oberg 5(14)9]
Aol wel 9 mL saline &9 108 343 T3,
Potato Dextrose Agar(Difco, Becton, Dickinson and Com~
pany, USA) H} X & ©]&-3}4] standard plate count™ .=
30°Coll A 48A17F Wi = vEhd colony+E S48

Sourdough®| XM= & &4

Sourdough®= Freund(15)9] multiple-stage® S W3 s}
o] Table 29} o] A 23 F wjgsATh 042 UIF
600 g = 600 g= &g A%, 192 =33 5 30°CellA
2071 7F =<t 2Ea 7](SP-120, Shinshin Machinery Co.,
Korea)o| Al A=) vjksl g, 292 v ke starter 1200 g
Z 900 g%+ FHsld =7 900 g = 900 g& H78h
THA] 30°Cell Al 20/1%F B2t G A vt om, 392w <&
H starter 2700 g & 2400 g¥t H3t] THEI7LF 1200 g, &
1200 g¥ oFA] E3SF 3 30°Coll A 20417 &9F A ] v s}
At} 30°Coll A 60A17F v sl 204 2ottt sourdough 10
gs pHe F =& ST

ofs

il

Sourdough CHAMZHE E2lsh s2-2
sy

29-9 EFwe] Ax: s2-F E3-E Association
of Cereal Research(Arbeitsgemeinschaft Getreideforschung
e V. 1994)e] AW (13)S IdF W3 AHuSHES AL

Samples Da Incubation time Raisin Water Total H TTA"  Brix Viable yeast
=amp Y at 30°C (hrs) () (g) (g) P (mL) (%) counts (log CFU/mL)
Naturally fermented 96 500 750 1250 383 140 244 9.26

raisin extract

UTTA: total titratable acidity.
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Table 2. Multiple-stage sourdough build-up procedure
Samples” Incubation time at 30°C (hrs) Sourdough (g) Rye flour (g)  Water (g) Total (g) pH TTA? (mL)
0 - 600 600 1200 6.24 2.7
SD1 20 - 600 600 1200 5.05 89
SD2 20 SD1 900 900 900 2700 4.10 16.2
SD3 20 SD2 2400 1200 1200 4800 4.18 15.1
YSourdoughs were fermented for 20 hrs at 30°C. TTA: total titratable acidity.
Table 3. Formula for rye mixed bread prepared with substitution of sourdough
Ingredients” (g) Sourdough (%)
8 g Baker's ratio (%) 0 20 40 60 80
Wheat flour 50 1000 1000 1000 1000 1000
Rye flour Variable 1000 800 600 400 200
Rye flour . B 200 400 600 800
Sourdough Water Variable 200 400 600 800
Water Variable 1450 1250 1050 850 650
Naturally fermented raisin extract 2.5 50 50 50 50 50
Salt 1.6 32 32 32 32 32

YAl ingredient percentages based on rye and wheat flour.

gahgom, A8 A WFulE Table 37 2k, &
WARARE TUAT, A BAE, HYNF), DT
(F9 AHRAT 157, 4FUA2), 2FEHERLED, O

FA4), EWRF, EFU)S AHE AFRE ALY
Sourdoughe= S ™U7FFeF dr7hgo] HIER At 0%,
20%, 40%, 60% = 80% = thA 59 2™, sourdoughsS thA|
M4 22 AL UE2ToZ PG Alx T2 30°ClA
447 e g AxT daEd 60A7F et FEH sour-
dough®} ©h& A B ELS HWH=7](Vertical Mixer, Shinshin
Machinery Co., Korea)oll 2] 1990 rpm)el ¥H=0] 3
o2 FgAd W7t e = & 41 Eees
30°C7F HEE A =S F2E7] ¢ & 208 5%
Ao FhEa gk 1100 go. 2 B3ty $3]7)
3 B A 3 WE(25.0x95%x80 cm)ell Ho] Was &
T 32°C, ZUlFE 80%< &ar](SMDG-36, Daechung
Machinery Co., Korea)oll Al 7A17F &<t AAj st 2 ar}

4 =2 S1E 210°C, ol E 190°CE oA|€¥ 2E(Deck
Oven, Shinshin Machinery Co., Korea)ol A 3027+ -t}
”—9—(200@01]"1 IANZE B YA A EYddd FAZ *
Zel & 20°CY] 3+27](BI-1000M Low Temp. Incubator,
JEIO TECH Co., Korea)ol| 4] 20A]17F F<¢t A A3 & A58
AF&-3 T

16)9] 9 bs_ag-s}o% AgSAT. FATE F 0F 100
g< Fal 500 m %

HHGsA 3 T &% 32°C, AUEE 80%2
36, Dachung Machinery Co., Korea)ol
dFgAA oo HoZ Ae Ao

Fermentation power of dough expansion (%)={(1x} @& &
o Rul—1zt HE e By))/1x g A 23]} x100

H-&3& 2 77 <45 X 39-9 3w R
AR E o] &3l volumeterZ A3 & ¥ EF(mL/g)2
g0 %

o] FF Apol2 ;7] w’CN%("/)E
FEEAE S 34U-4 T3 FESHEE AR

2 g& AFAsY FREAHSH7(HYGROSKOP BT-RS,

ROTRONIC, Swiss)& ©]&3te] 4331t

Az 3 39-9 3w A== AAA (Chroma
Meter, CR-200b, Minolta, Japan)& A3l L(H %), a(d
AZ), b(EAE)g o2 FASHATE o] o AHEE EF A
2 1L=97.10, a=+0.13, b=+1.88°]At}. o] uf Aol A}-&&
FU7FF9 AEE L=63.01, a=+0.22, b=+6.60°] a1, H7}
F9o] AT = L=70.88, a=-1.09, b=+8.30°] At}

Texture ?;,"-;ﬁ itﬂ,tﬂ j@-um—g} le7L_O_ jtﬂ,tﬂ ;5:_
shbo] Z=AHE AAFF F7)|2 AE A]EE texture ana-
lyzer(Stable Micro Systems, TA-XT2, England)E ©]-&3}
o] hardness(ZFALA), fracturability(F:A41 A A), adhesive-
gt& A)), cohesiveness(3-HAD),
gumminess(Z #H43), chewiness(3 ¥ 4) 2 resilience(E¢Y
ANE 2oy, =3 1L Table 49 2kt

S 2 i Z9 R g Uy 34 3Ee YR
g 7}v] 2H(C-4040Z00M, Olympus Co., Japan) & T H -
o] QE BES AL A Fojolx EHA17T H
AR F=E st #FsAT) ol A5 Fid ket A
g, AW 7o) Eole A A FASHA

TS AAE B5AAe AT AFFFTH o
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Table 4. Operation condition of texture analyzer for rye-
wheat mixed bread prepared with substitution of sourdough

TPA (Texture Profile Analysis)
40 x40 %20 mm

Test mode and option
Sample size

Load cell 5 kg
Pre-test speed 2.0 mm/s
Test speed 1.0 mm/s
Post-test speed 1.0 mm/s
Distance 50%
Time 3 sec
Trigger type Auto-10 g
Data acquisition rate 200 pps

Probe and product data 100 mm compression plate

&
@3] X gtk « 97 gids] Eoh), AAAR] VE=(
A O3] Hojgtt < 95 ties] FolgthE 93 HAH
(scoring test) &2 AA|FFG T A1g9] FH] L AAl= 32
- S-S Axsto] 1212 portion sizeE st 3 Z2t
28 FHAlo| Folx A|F3tA .

SAAY: AP A= meantSDE FAIEFF o, SAS
3 2 I (SAS Institute Inc., Cary, NC, USA)S o] &3}
AR (ANOVA)S AR, 24 54 Hagk 1o &
oL p<0.05 FFELE 79 tFH YA FH (Duncan's

multiple range test)o.Z 73t}

=, SEVIR Y IR UHIME

%, ErF3HE 66.26%, %
ol A 8.889%, ZAMF 1.22%, Z3]Ho] 0.62%°|Q 1, &2
7t Mt R e F8 1221%, B5EE 7521%, Xt
A 10.15%, ZAH 1.41%, Z3|8o] 1.02%°]Jth. Lee 5
(17)9] =& 0] &3} sourdough A% A 713 TUF
o] FEI(856%)H T =k, 2 A(11.18%), ZA|

=

WH(2.49%) R ZIE(164%)RYEs o, e3tE
(76.13%) &S FAIAT ZEE7IF9 digdEe ¢
B2 14.00%, B53HE 72.18%, ZehulA 1243%, A
0.96%, Z3]&°] 043%= YEISTh o]& Lee 517 4E
U7t SR 1253%, ©@3E 73.30%, =T

12.57%, ZA" 1.16%, 23 & 0.44%9} SAF8FTh

=
0A)7F S9F vi k3 sourdough®] pHS F4H=
Hj FA|Zro] AojAFE pHE HAdte S UEHHA
At Z7tetAt. o] A¥e pHeF A A= o] W)
v et 52t startert] EA S AT At St

e koo
b
>
H
fr

Lee 5(18), Freund(19) ¥ Kim(20)2] X319} f-AFsFS T}

39-9 £ W= 2 o) pHe F4H=(total titrat-
able acidity): ¥ &35y who] pHe} FE&
Table 59 YEFHJ T &2-E E3HE=9] pHe 27|
6.142 7} =931, sourdough A5 468~5672
Elyk o™, sourdough tiAl #o] S7184% pHe 43te
BEE dehiglth FA=E dixwo] 35 mLa 7Hg wsk
1, sourdough WAITEEL 51~90 mLE uYEegon,
sourdough W o] F71EFE FAe = hdte A4S
YEH) A THp<0.05). ©] &= sourdoughd] iAo ©& pHY
Tt FAEY FU7HE QIS Aotk - &3] pH
= W EZTo] 54322 71 E=9kal, sourdough A ELS
428~4.447 JEb oW sourdough Al #E0] EZTFH
o fFoH ez vA et tHp<0.05). FAEE tHETol
52 mLE 7}FF ©9kal, sourdough Al +5& 104~114
mLE Yelgon tz2F R sourdough thA| &) #2
Ao 2 A YeESTHp<0.05). Freund(15)¢} Seibel(21)9]
71€e & 3] F4=Q 7.0~9.0 mLETH A =4
Yelsttt. o]& sourdough 60%2}F 80% Al -1 &3yt
=9 7% pH7F 2+t 491, 4682 Akt A5 HA pH
5~9(22)el XA X3t Ak WAyt 2% A7 2
HohE T

v 338 Sourdough A FHS 25t A xE &
- EZ3bso] e s Fig. 1o YER ST T a s
Je e HEATto] AojAS4E {oHo= Frlsle 4

o

e AT FHF @23 3FE-2 sourdough 20% A T+

]

% o,
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Table 5. pH and total titratable acidity of rye-wheat mixed doughs and breads prepared with substitution of sourdough

Sourdough (%)

Samples 0 40 60 80
Donghs pH 6.14+0.01° 5.67+0.01" 5.25+0.01¢ 4.91+0.01¢ 4.68+0.01°
£ TTA" (mL) 35+0.06° 5.1+0.06° 6.5+0.06° 7.6+0.06 9.0+0.06°
Breads pH 5.4320.01° 4.28+0.01° 4.3620.01° 4.43%0.01° 4.44£0.01°
ads TTA (mL) 5.2+0.06 11.3£0.06° 10.9+0.06° 10.5+0.06° 10.4+0.06°

Mean=+SD (n=3). Means in a row sharing a common superscript letter(s) are not significantly different (p<0.05).

UTTA: total titratable acidity.
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Fig. 1. Changes of fermentation power of dough expansion
of rye-wheat mixed doughs prepared with substitution of
sourdough.

o] 111.43% = 7} =k, i Z27o] HT71%=E 71 ko
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olitEt e AT e R RiSS AT 98 grh
I 3kt

v 834 9 #F7) £4F: Sourdough® A =S &3t
o Az sE-d &3y
6ol YeElH At v]-84 -2 sourdough 20% EHX]L o] 1.87
mL/g2 7} =<3, 273 sourdough WA EE 7ol
Fre] A<l Zpol 7t e oM (p<0.05), ol £9-¥ £
o Havey 2 Ao 2 AEHAE HEIRA
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A Sourdough«] Eﬁxﬂ‘“/k 0}"4 Xﬂ7‘§_ S
o] SREH T = Table 7°ﬂ Ye Ao i
7o) 09192 714 =9k, sourdough WA+

JE=T 09182 YA Ueor, gxads
o sourdough AT EC] FYHo= A e
(p<0.05). ©] A3+ Freund(15)7} 7153 who] SRS T
el O.9O~O.959] 2 el f—‘s}‘f&ﬁ}

AE: x5 FE N A st Az
o] crumb®] A== Table 8°ﬂ ‘/]—E}Lﬂoqﬂ- 2
o] 35452 7}& ekl sourdough A FE LS
38.062 2 Ue thxF R sourdough thATE°] F
Aoz A e th(p<0.05). ANEe} FAE = g2 T
o] Z+z} 328, 11.36°2.2 7 $9kal, sourdough A # &2
Z}z} 3.49~3.63, 12.37~12.852 YEIY ZF R Y sour-
dough HAIFE°] FoFoez =4 YEGTHpP<0.05). Lee
5U7L =& °]&3F sourdough bread?] FAEA AT
ol A 3o AAMAZ Qlete] Z7 o] S7ETE
WES T4, AR GAEE Frbste %S Bnta
sttt

Texture: Sourdough®] &S E8st #A| 23 &2
-2 E3huo] ZF7FS Table 99 JeERATH AnALS o)

=

Table 8. Color of rye-wheat mixed breads prepared with
substitution of sourdough

Sourdough (%) L a b
0 3545+0.15  3.28+0.03  11.36+0.04
20 38.06+0.67" 351020 1257+021°
40 37.85+0.43"  349+0.07° 12.37+0.25°
60 37.46+0.07"  353+0.14" 12.85+0.20"
30 36.93+0.09°  3.63£0.07° 12.84+0.10°

Mean+SD (n=12). Means in a column sharing a common su-
perscript letter(s) are not significantly different (p<0.05).

Table 6. Specific volume and baking loss of rye-wheat mixed breads prepared with substitution of sourdough

Sourdough (%) Bread weight (g)

Bread volume (mL)

Specific volume (mL/g) Baking loss (%)

0 1014.02+1.68° 1746.67+15.28° 1.7240.01° 7.82+0.15
20 1012.57+1.54" 1893.33+20.82° 1.8740.02° 7.95+0.14°
40 1013.25+1.62" 1693.33+20.82¢ 1.67+0.02¢ 7.83+0.15°
60 1014.10+1.09" 1826.67+15.28" 1.80+0.01° 7.81+0.15
80 1018.75+0.75" 1720.00 4 20.00% 1.69+0.02¢ 7.39+0.07"

Mean=+SD (n=3). Means in a column sharing a common superscript letter(s) are not significantly different (p<0.05).

Table 7. Water activity of rye-wheat mixed breads prepared with substitution of sourdough (Aw)
Samples Sourdough (%)
0 20 40 60 80
Water activity 0.919+0.000° 0.918+0.000" 0.918+0.000" 0.918+0.000 0.918+0.000"

Mean=+=SD (n=

4). Means in a row sharing a common superscript letter(s) are not significantly different (p<0.05).
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Table 9. Textural characteristics of rye-wheat mixed breads prepared with substitution of sourdough

Sourdough (%)

Samples

0 20 40 60 30
Hardness (g) 2494.016+291.167° 2009.446+310.452®°  3037.979+£354.093*  2958.010240.704*  3334.135+ 351.806
Fracturability (g) 12.430+0.357°5Y 12.100+£1.036 12.504+0.965 12.874+1.370 13.234+1.565
Adhesiveness (g's) -772.183+86.365 -366.998+212.167>  -393.904+217.715" -342.767+180.091" -274.527+200.673"
Springiness 0.654+0.028" 0.746+0.074° 0.629+0.047" 0.698+0.065" 0.723+0.085™
Cohesiveness 0.489+0.023% 0.517+0.033 0.471+0.029 0.499+0.040 0.492+0.053
Gumminess 1221.474+189.714° 1511.712+256.596™  1439.722+277.028"° 1482.183+235.161"  1652.948 +281.729"
Chewiness 802.716+157.635" 1141.418+229.056™  914.817+279.100" 1046.527+262.201™" 1217.164 +266.890"
Resilience 0.164+0.015"° 0.211+0.035 0.183+0.025 0.206+0.034 0.206+0.044

Mean=+SD (n=4). Means in a row sharing a common superscript letter(s) are not significantly different (p<0.05).

UNS: not significant.

Zo] 2494.016 g 7FF 9kal, sourdough Al #E52
2909.446 ~3334.1352 YElY i ZFE o} sourdough A
TE0] FoHo 2 =A YEGTHp<0.05). g, 5 &
Hl§_u] xg %Q o]_g_%L sourdough =] 7]. Al nu]-_,] ;q]z%l% =
T3 =F(9)) A sourdough A7+ ¢] hardness(ZA1LA)
7} 311175 dyne/cm®0] 3, sourdough 7752 304534
~32405.1 dyne/cm’0]$1.2.¥, sourdough 7}e] Z7}ol
WE A o dBAAL gt Rusgeh AR
AL tfzato] ZHz) 1221.474, 0271622 71 wEgkar
sourdough WA S-S ZHz; 1439.722 ~1652.948, 914.817 ~
1217.1642 e}l sourdough AIFE©] EZLHETE #9
Ao 7 =A YeElHTH(p<0.05). ¥4 tjx2Te] -772.183
g-so 2 7FF &9k, sourdough WA|#E2 -393.904~
-274527 g-sE YEIY dZF R} sourdough A5 ]
FoF oz B Yegthp<0.05). #ARA, -4 2 B
4L Y= sourdough HATE Holl= YA 2k
o7} YA gkttt &8 A& sourdough 20% U A T©]
0.7460.2 7} =ka1, 40% iAo 0.629% 7]';{]' oo
H (p<0.05), HZ, 60% L 80% AT E o= 2zl
zFo]7F JEFUA] 249kt}. Freund(15)9} 7 5(23)2 pene-
trometert} texture analyzer?} &8 7|AZXE Al&-35}
who] AnA HZA gBEHA 5o ZANS =AY A ¥
7HAe FHAEAE EY F UL TUE HIEA ] MR o)&
g3 o, FHHA W] A5 HAL FIF Aot =&
FEEAE Bty Vs Ah

22 yr g8 33 Sourdoughd] WA =S 23t
o Az sE-U 3] oF g Y|} XL Fig. 29
YEy %ilil—. Sourdough 20% WHA & AlL)sla, == 9] 3+
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Fig. 2. External and internal surface appearance of rye-
wheat mixed breads prepared with substitution of sourdough.
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Table 10. Sensory evaluation of rye-wheat mixed breads prepared with substitution of sourdough

Sourdough (%)

Samples

0 20 40 60 80
Color of crumb 6.19+0.15° 5.13+1.08 450+0.97° 3.75+1.06¢ 2.50+0.82°
Density of crumb pore 2.63+0.72¢ 4.13+1.02° 4.06+0.85° 494+1.00° 5.75+0.93°
Uniformity of crumb pore 6.44+1.03° 5.1940.83" 494+1.12° 3.83+£0.62° 3.06+1.06
Consistency of crumb 5.00+1.15° 481+1.11°% 3.9441.00 3.194+1.05° 1.83+£0.81¢
Springiness of crumb 4.94+1.06" 5.63£1.09" 556+1.09" 5.44+1.15" 5.83+1.15°
Aroma of rye flour 3.06+£0.77¢ 3.63+£0.89° 4.38+1.09° 475+1.00° 6.19+1.11°
Sourness 3.63+0.89° 431+1.14™ 456+1.03 4.38+1.02™ 7.38+1.02
Bitterness 4.13£1.02° 4.94+1.00° 5.06+0.85" 5.56+1.03 6.94+1.00°
Gumminess 5.06+0.85° 463+0.81" 450+0.97" 450+£0.97" 4.00+1.03°
Overall acceptability 6.00+1.03° 5.1340.96 481+091° 475+0.77" 4.06+1.00°

Mean=+SD (n=16). Means in a row sharing a common superscript letter(s) are not significantly different (p<0.05).
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