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Quality Characteristics of Rye Mixed Bread Prepared with Substitutions of
Naturally Fermented Raisin Extract and Sourdough

Mun-Yong Kim and Soon-Sil Chun'

Department of Food and Nutrition, Sunchon National University

Abstract

In this study, a nanatural fermentation starter formulation was developed for manufacturing bread products by sub-
stituting baker's yeast with naturally fermented raisin extract and sourdough. Four experimental groups containing 2.5,
5.0, 7.5, 10% naturally fermented raisin extract per 2,000 g of flour were compared based on quality characteristics,
including the fermentation power on dough expansion, specific volume, baking loss, water activity, color, textural cha-
racteristics, and internal surface appearance. The activities of the naturally fermented raisin extract were examined in
terms of pH changes, total titratable acidity, brix, and viable yeast counts. The raisin extract, which was cultured for 7 days
at 30C, smelled of alcohol and produced CO,. Yeast were also found in the extract after separation. As the incubation
time of the raisin extract and sourdough increased, pH decreased, while total titratable acidity increased. The brix of the
raisin extract increased until the 2" day of fermentation, and viable yeast counts increased until the 5" day however,
these gradually decreased by the 7" day. The fermenting power on dough expansion increased in the bread with increasing
incubation time. The bread samples containing 7.5% and 10% raisin extract had significantly higher specific volumes than
the other samples. Baking loss was minimal with the 2.5% extract substitution. In analyzing the crumb, water activity, red-
ness, and yellowness were highest in the 10.0% raisin extract bread samples, and lightness was maximal in the 5.0% group.
In terms of textural characteristics, hardness was lowest with the 2.5% extract substitution. Gumminess, springiness, and
chewiness were not significantly different among the bread samples. Cohesiveness was highest at the 7.5% extract
substitution level, and resilience was lowest at the 10% level. In conclusion, based on the results, a natural fermentation
starter formulated with 2.5% naturally fermented raisin extract (1 part raisins and 1.5 parts water) and 70% sourdough
(1 part rye flour and 1 part water) has high potential as a baker's yeast substitute for making naturally fermented bread.
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power on dough expansion.
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]7]13% ] sourdough
2l % sourdoughZ ©]-8-38) Wt
éVJE‘jr e vt 553 v
LE oA e Hol BEA AT 1)
223 QBTHEHARE] 20050).
2 sourdoughoﬂ gt A7 Lee er al(2007)2] E=(Red
Yeast Rice)S ©]8-3F sourdough bread®] £2 54, Ryu &
Kim(2005)2] H.2] sourdough®] ™A1, Kim er al(2004)«] sour-
dough= 8] Zrkta F=ol 2] 9 vk 54, Kim & Hwang
(2004)°] sourdough ¥& 717} 4l Hof Eﬂzﬂ. SA4 Wt
off BlX]= 38 Lee er al(2003)9] A AW 2F startere)
70, Chae er al(2005)2] 2] o] &3+ S+28 ALLw )
Z, Sihn EH(2002)2] AR ANA 223 Lactobacillus brevis2)
2374 5d(Sourdough ¥x]2] <4< =4 223}, Hong & Kim
(2001a, 2001b)2] Enterococcus sp.$t Lactobacillus sp. A7}
sourdough= A|ZH He| Awe] =2 E2(1. Be]713d 4
oo 50 54 9wk o] 3}ekA
2 B934 54), Hong ef al(2000)9] sourdough 37} K] 4]
ol BA BA o] 9tk

Kwon KS(2004)2 RSM-& {43 A% SA4o W& rye
bread® A formulasol] ™t 1ol A water, rye flour 2
vital gluten©] rye bread2] A2tol| A thaksl HbH o 2 )3y
ol Ae] 75A 54L& A & Aok ekt

2 FelveteAs ARy HA dg whel] tigh Bao]
FoRAa glov, UE® A 2F AT sourdoughE ] &gt
Fdwo] )3 A= vy sk

e e R e A ] ‘%30”4 HAEE 2.5%,
5.0%, 7.5%, 10%= 22]dle] AZ3 sourdough ¢ Z3}ug
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3 S 750 mLE T3
Eﬂ(SP 120, Shinshin Ma-
F ZEEAZ 60

2) pH2I M& Atz (Total Titratable Acidity)
He 30T A 7°a]7J wjFatm v 2441 7mtet S48
o ZiiE H 10 g& W<4E Pen-type pH meter(PH-03, T2
9l Korea)Z S35+ 1, 2 A= Association of Cereal
Research] 23 W (Arbeitsgemeinschaft Getreideforschung
e.V. 1994)] w2} 0.1 N NaOHZ pH 85714 A4 3k & &
2® 0.1 N NaOHY] %4E mL % Jehiio

W

) &

BT Abbe =3
pan)= 483t

H1

F=A(Hand Refractometer, ATAGO, Ja-

4) Uz § 5259 H#Hs}
RS 57230 COM 77} wloksl of 244) kvl &
Aot X% N 1 mLE F3 F Oberg ef al(1986)2] 4

Wil ol wel 9 mL saline £l 108 8443 T2, PDA
(Potato Dextrose Agar, Becton, Dickinson and Company, USA)
HJA| & o|8-3}] standard plate count™ © = 30T A 4847k
Wl & UERS colonyE =381tk

4. Sourdough2| |z % EM
Sourdought multiple-stage*(Freund W 2006)S & 3}
Table 17 o] A|xg & wiFatitt. 042 52.”17}‘r 800
g2 2 800 g& T AT 19 T35 T 30T oA 204
Zt <t & 7](SP-120, Shinshin Machinery Co., Korea)ol|A]
2] v ekatedan, 29 v FE sourdough 1,600 g 5 1,200

gt Fste] TUIFE 1,200 g7 & 1,200 g& H7bsted ThA
30 CollA] 20717 Bt 4] mj st om, 342 v sour-
dough 3,600 g 5 3,200 g%t sl TU/F 1,600 g, &
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Table 1. Multiple-stage sourdough build-up procedure
Samples Da Incubation time Sourdough Rye flour Water Total pH Total titratable
i Y at30T iy @® ® © ® acidity (L)
0 0 - 800 800 1,600 6.35 2.5
sp1” 1 20 - 800 800 1,600 6.32 52
SD2? 2 20 1,200 1,200 1,200 3,600 4.10 162
SD3” 3 20 3,200 1,600 1,600 6,400 3.94 19.6
Y 8p1 : Sourdough was fermented for 20 hrs at 30T.
2 sD2 : Sourdough was fermented for 40 hrs at 30T.
 Sp3 : Sourdough was fermented for 60 hrs at 307C.
1,600 g3 ThAl ERHEE F 30TollA 20417 Bt A2 vk @ ASE AHESIATh AEE A HENLS TUvHRe

;o:%]—ﬂgl—ﬁl

Lo

|
T 9R uEE A VFES AHBg o, AeE AR
H g = Table 29} 2T}, SU/NHARE TU/ME, 94T
A AAE, AYAF), WHFY BHUNE 157, 4
2k, SFEERLT, BDY), BAS, ErDE A

Table 2. Formula for rye mixed bread prepared with
substitutions of naturally fermented raisin extract and sour-
dough

Naturally fermented raisin extract(%)

Ingredients” Bakor
(@ ra?io?;f) 25 50 75 10
Total flour 100 2,000 2,000 2,000 2,000
Rye flour 35 700 700 700 700
Wheat flour 30 600 600 600 600
Sour- Rye flour 35 700 700 700 700
dough  Wager 35 700 700 700 700
Water 40 750 700 650 600
Salt 1.6 R R 32 3R
Natural fermented —— cle 50 100 150 200

raisin extract

D All Ingredient percentages based on rye and wheat flour.

740l tigh &2 Frieldom, AlZ 32 30TA 7Y
g AxE A 2R, 60A7F FF EEHE sour-
dough®} T}E A EEE WEE7|(Vertical Mixer, Shinshin Ma-
chinery Co., Korea)ell ¥l 1190 rpm)el] W=5o] HHoz
PA4dE 7] stk EF 3 HF vk 2% 30T
HEE gk S T287] o £ 208 FRF A4
F7F HEEATE 1,100 g0 2 B3] F2E)7] & F, A4F
sl3 ME(25.0 cm Wx9.5 cm Lx8.0 cm Hyoll ¥oi &+ &
T 32T, AU 5% 80%9] ¥E71(SMDG-36, Dachung Ma-
chinery Co., Korea)o|l4] 6A17F B<F A3 c). 2&7) S
HkZe 918 2207, o} E 210CE EH 2 E(Deck Oven,
Shinshin Machinery Co., Korea)°l|lA] 35%7F 79t} 232425
TYl A 1217 Bt WAAIA Zejodrl $A2 43 &
20C 9] &27](BI-1000M Low Temp. Incubator, JEIO TECH
Co., Korea)ol| 4] 20A17t Bk A7t & A58 ARRSIT

ga]gle] A 23 sourdough
#2-& He & Hoseney(1992)2] W
= 100 g& #3500 mL
Aol WS Byl & F 2k
%<1 ¥E 7](SMDG-36, Dachung Machinery
Co., Korea)oll 4] 1A] Aoz HFAA T A2 Akt
Epii=g

]
<

Fermentation power on dough expansion(%)
(15 BE Fo] 2a - 13 2E A R)
13 %E A@el 23 x 100

3) vlgd A 27| 248 5
Sourdough £ FAAE |83 volu-

meter 2 =%



90 4%
S8 w7 A9 22T L Fo S o2 F7] &4
E(%)S ALtk
4) +8 g4z £H
Sourdough &2 E3#e] 8 L= A7 2 g2 A4H
B ] =% 7](HYGROSKOP BT-RS1, ROTRONIC,

5) M =7

T
A

Sourdough %8 &3HHko] A2} A(Chroma Meter,
CR-200b, Minolta, Japan)& A8-3t] L(FX), a(BAE), b
(FEAD)Fe R FACh o] W AlgE EF AR L=
+96.88, a=—0.16, b=—0.29°]%T}.

6) Texture &%

Sourdough &8 &&e] 2z 7He 59 Tdhmo) 2An
E 433 272 A2 AR E texture analyzer(Stable Micro

Systems, TA-XT2, England)E- ©]|-8-8}] 7314 (hardness), &

3] /d(cohesiveness), A2 (gumminess), ¥+ 4d(springiness), %
&/d(chewiness) 2 H-A(resilience)S &% stgion, &3
Z712 Table 33 23ic}
7) W& EH ok
39 @ gAg 7 EHC-4040Z00M, Olympus

Co., Japan)® sourdough 5.2 &3weo] WAL AL w7
FollA ZeAI7E BIAA] HRE Sl &9FIGTh o|m) A)
T} Fhrekeke] Azl AW siEle] ol A A &

Table 3. Operation condition of texture analyzer for rye
mixed bread prepared with substitutions of naturally fer-
mented raisin extract and sourdough

Test mode and option TPA(Texture Profile Analysis)

Sample size 40 W(mm)x40 L(mm)*x25 H(mm)
Load cell 25 kg

Pre-test speed 2.0 mm/s

Test speed 1.0 mmy/s

Post-test speed 1.0 mm/s

Distance 50%

Time 3 sec

Trigger type Auto-10 g

Data acquisition rate 200 pps

Accessory 100 mm compression plate
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Ay A= SAS ZTEIY(SAS Institute Inc., Cary, NC.,
USA)E o] 83ta] Hat BA(ANOVAYS AAEda, 7 &
A B 7] R p<0.05 FEOE Wk BE H Y

A& H(Duncan's multiple range test) 2.2 7 &3l Th
ot gl g
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% pHe Hidhs 28-S Y, 33 4lse
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Table 4. Proximate composition of samples (%/100 g)

Moisture Carbohy Protein

Samples drate Fat Ash
Raisin 23.02 66.26 8.88 1.22 0.62
Rye flour 12.21 75.21 10.15 1.41 1.02
Strong flour  14.00 72.18 12.43 0.96 0.43
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Table 5. Activities of naturally fermented raisin extract during 7 days at 30 C

Samples Day Incubation time pH Total titratable acidity Brix Viable yeast counts
at 30C(hrs) (mL) (%) (log CFU/mL)

NFRE"0 0 0 4.06 2.9 8.4 4.10
NFRE1 1 24 4.03 9.3 314 5.39
NFRE2 2 24 4.02 9.6 320 7.36
NFRE3 3 24 3.97 11.8 31.0 8.65
NFRE4 4 24 3.85 13.2 27.0 9.17
NFRES 5 24 3.81 14.6 22.6 9.33
NFRE6 6 24 3.79 14.7 19.8 922
NFRE7 7 24 3.75 149 17.8 8.90

Y NFRE : Naturally fermented raisin extract.

7b Zadol weh AR Aol JAEHA]7] WEL AL 90.00

2 Atsgt

3. Sourdough &% Eghol

30X 60417t B2t ¥lF3 sourdough®] pHS} 273 4F
S Table 19 VYRR 0, vleF AJ3te] Zo]ASE pHE
Zadhe A3 Y, A4 s 7RI ol
pHet A7 A=) ®isle wjkshe B<t sourdought] EA)
e ZAMTFY TS 2 Aabge] HEEHA BAAEE &
A 24 T f714F STk 2T AT JTHE Lee JY
et al(2003)%} Kim MY(2007)%] |5 23 el fAreHit

EM
=

=153 J'él»

o
¥ A gEA e A S deEisle] A2 sourdough
&3 =] &g #AF L Fig 19 YeERiSITL 28
g g Az ZoASFE fejHor Sl A
S VUEISE AXE M Fad dArse] 2R 3%
HL 77.78~86.11%2 VEIG 1, thAZE e #9148 =}
o]7} VehHA] skt

o U

oZ‘J i) 1 U

o ol

of
o

=7 &AE

AXE A La ol i3S
s E3hwe] vl gA T J57) &4
o ¥ EHe AXE HA FEN 7.5% hATo] 1.63 ml/g
2 7P B3k, 10% thAlite] 1.59 mL/ge.2 7P yigket 71
5(1999) ¥ &-Fo] & BUSFE o] JPEa BAE] Sl

, FEeE g v 8A o] 2t whe v|Fo] X
zz} el S Uity 7|&dteitt 7] £4E

A FF M 25% HAIEe] 9.03%E 7HF RFA, 5.0%, 7.5%

E] So] A28 sourdough
£ Table 6° LERHSL
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Fig. 1. Changes in fermentation power on dough expan-
sion of rye mixed doughs prepared with substitutions of
naturally fermented raisin extract and sourdough.

2 10.0% HATE TllE FH zbe)7t ERER] edst
t}. o] A7 Freund W(1995)7F 7|3 adwe] w7] &4
9 13%ET @3k

Axe HA Tgdel AR 2eldte] A %3 sourdough
B G5 Table 79 YERITE 8 &
A FEY 10% thFlo] 0.9262.2 7P
UL, 2.5%, 5.0% 2D 7.5% NATLE THle 7S] ztol7t
VelA] @9kth o] A3 Freund W(1995)7} 71€8 whe
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Table 6. Specific volume and baking loss of rye mixed breads prepared with substitutions of naturally fermented raisin

extract and sourdough

Naturally fermented Bread weight

Bread volume

Specific volume Baking loss

raisin extract (%) (2) (mL) (mL/g) (%)
25 1,000.64+2.64° 1,603.33+15.28% 1.60:£0.02% 9.03£0.24°
5.0 991.82+2.35" 1,600.00::20.00°° 1.61£0.02" 9.83+0.22°
75 994.36+1.09° 1,620.00:£10.00° 1.63£0.01° 9.61+0.10°
10.0 992.27+3.08° 1,580.00+10.00° 1.59+0.01 9.80::0.28"

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

Table 7. Water activity of rye mixed breads prepared with substitutions of naturally fermented raisin extract and

sourdough (Aw)

Naturally fermented raisin extract(%)

Sample

25 5.0

7.5 10.0

Water activity 0.934+0.001°

0.934+0.001°

0.934+0.001* 0.926+0.001"

Mean+SD(n=4). Means in a row sharing a common superscript letters(s) are not significantly different(p<0.05).
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Table 8. Color of rye mixed breads prepared with sub-
stitutions of naturally fermented raisin extract and sour-
dough

Naturally fermented

.. L a b
raisin extract(%)

25 33.57+0.84%  4.18+0.14°  11.88+0.24°
5.0 34.89£0.48"  439£0.18°  12.53£0.65"
7.5 33.88£1.00°  437+0.11°  11.85+0.32°
10.0 33.15£0.74°  4.58+0.14°  13.2240.35°

MeantSD(n=12). Means in a column sharing a common super-
script letters(s) are not significantly different(p<0.05).

Fol& el zpol 7} vhebyrl, wE pgte AxE A
10.0% tiAlare] 13.222 71 =9k, A S 3t 9
A1 Aoz} YpERRiTE

5) Texture
AEE AA HF ] thAFE geldte] A 23 sourdough
59 Z3o] 2A 72 Table 9ol YeRARIT) 2 314 (hard-
S AXE A TEN 2.5% AT 5716.88 g2 7}
& HSk, 5.0%8E 10% HAITE el FIF<l Aelrt v
EfA] gkotth 8% Ad(cohesiveness) S HEE HA HE Y
7.5% ATl 0447 7HE #3531, 5.0%2F 10% hAlZE H
Ae 921 2ol 7b vhefbA] erdTt.
e A (springiness) 3 %3] A (chewiness) S A TS 7t &
oA Ql Aol 7F vrepubA] ekskth. B9 (resilience) & AEE
A EEY 10.0% Aol 0.152 71 Wkt 2.5%, 5.0%
2 7.5% WATE Tole F2Q1 ztol7h viehA] ki
Freund W(1995)%} 71432 5(1999)2 penetrometer} texture
analyzerﬂ— AR 7]7:” X]— ]TEZ }- ]—o:] HBT-‘,] 7:]‘7/%1 ?g];ﬂ‘—/ﬂ

ness)<>

A 24 (gumminess),

>

gEA =9 FAE =2 A _1:]7}.;(}.‘/] TS A
T AL e HpAke] QM= o] g2 F gle, Fia
Q1 whe] WeziAl 7} ATeh B ARWAS BT 7]
=35t

6) Wi D pHE

A¥XE HA F Ao dAFS 2elsle] 2123} sourdough
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Table 9. Textural characteristics of rye mixed breads prepared with substitutions of naturally fermented raisin extract

and sourdough

Naturally fermented raisin extract(%)

Samples 2.5 5.0 75 10.0
Hardness(g) 5,716.88+165.90° 6,393.04+166.47" 6,036.07+188.21° 6,297.01+182.24°
Cohesiveness 043+ 0.02° 041 0.01° 044+ 0.02° 041 0.01°
Gumminess 2,493.62+139.36™" 2,635.29+143.09 2,682.51+194.83 2,569.87+128.48
Springiness 0.56+ 0.01™ 0.55+ 0.01 055t 0.02 0.56+ 0.02
Chewiness 1,401.90+ 91.30™ 1,437.16+ 94.93 1,480.45+111.04 1,445.43+104.71
Resilience 0.17+ 0.01° 0.16+ 0.01° 0.17¢ 0.01° 0.15¢ 0.01°

MeantSD(n=>5). Means in a row sharing a common superscript letters(s) are not significantly different(p<0.05).

Y NS=Non-Significant.

2.5% 5.0% 1.5% 10%

Fig. 2. Internal surface appearance of rye mixed breads
prepared with substitutions of naturally fermented raisin
extract and sourdough.

39 Zghwe) Y HHL Fig 20 Uehiich 242 A
A T AMolon, A B T "Il
o EAke] ML ojfglon, A7 AXm @EHAo]
AR 7172 A7 2o Fdsg o, 7lFH e FAH
o). o123t Z3E Mun JHQ006)°] Budk e 2Hg we
Ado] T3 Beo] Aom 7]Fo] 2Lttt Bk o
Aetdch AXE HQ dade] g o] F/1EFE AX
T @Az ZEA B Ze)rh oA AE D, R
gl Tk e Zaog A
o gl HE

30Col A 747 wjoksl AXs HgHe Adxe HAES
st 3 o7 AAE e s n|AE B A g2}
AR AE=Ne] pHY A A== Hﬂ%k Azl 2
AA4E pHE #Ahdle ¢S Ve, 2% s
Z7bel= ASES VERIQITE AXE ol "/*El‘— Hjek 2

21 B713k= ARE ekl 30l 43

v ebgieh vl e A e AEE A e 7.5% o

o] 1.63 mL/ge-® 7V ¥star, 77] &4
FH 2.5% hAIZo] 9.03%= 71 %Em. FE ==

T A LEN 10% thAlTe] 092622

o] Mz oA Lk AFXE HA &3 °—“‘ 5.0% Aol
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