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Changesin Shelf-Life, Water Activity, and Texture of Rye-Wheat
Mixed Bread with Naturally Fermented Raisin Extract and
Rye Sourdough during Storage

Mun-Yong Kim and Soon-Sil Chun'
Department of Food and Nutrition, Sunchon National University

Abstract

This study examined effects on shelf-life extension and prevention of starch retrogradation in rye-wheat mixed bread
(RWMB) samples prepared with substitutions of 20, 40, 60, and 80% rye sourdough (RSD) as well as a control made
with the addition of naturally fermented raisin extract. These effects were investigated using mold growth, water
activity, and textural characteristics during a storage period of 8 days at 20°C. The activities of the rye sourdough were
examined in terms of pH, tota titratable acidity, general bacteria, lactic acid bacteria, and yeast counts. As the
incubation time of the sour dough increased, pH decreased, while total titratable acidity increased. General bacteria,
lactic acid bacteria, and yeast counts increased with increasing incubation time. Mold grew on the external surface of the
control group after 6 days and on the surface of the RSD bread samples after 8 days, respectively. With regard to water
activity, the control group had increasing activity as the storage period increased. In addition, the 20, 40, 60, and 80%
RSD samples had increasing water activities until the 4th day however, these strongly decreased by the 6th day. In terms
of textural characteristics, as the storage period increased, hardness increased, while springiness, cohesiveness, and
resilience decreased. There were no significant differences in gumminess among the samples. The control, 20, 40, and
60% RSD samples had decreases in chewiness with increasing storage time, however, the 40% RSD sample did not
differ significantly during the storage period. Finally, water activity was negatively correlated with hardness (p<0.05). In
conclusion, the results indicate that substituting rye sourdough in rye-wheat mixed bread has a prolongation effect on
shelf-life, but no effect on the prevention of starch retrogradation.
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™, Hong JH2} Kim KJ2001a, 2002b), Hong JH “5(2000)
& FHiH o2 ARESE AF Heldwe] THEA
oA WL st REggo] FUA ARAEE A
g wRT ARE AT S92, Cho NI 5(1999)2 ¢
7HF brew®] H7pFo] SUIEE W] H|EZo] SV}
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AR S5 W2 AH|RPl Al FEo] % WS AgS)
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=
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1. =
AXE(Sun-Maid, Cdifornia, USA), S7(Rlvf=4hH
/H]aj/;]%) 1:!17].,_’4(-?{-_] 71@1:17}_% 153, }\Lokmuﬂg_\‘),

aalEEss, ddEd) 2 2, E7Y)<S 29

2 A9 o 83t &

AXE A g Table 13} Zo] Ax3 & wjeF
St Bk Holl AXE 300 g& ¥ar A 450 mL
2 RS 5 HuEz yY JTE Hf& The " E7](SP-120,
Shinshin Machinery, Korea)oll4] 3¥7K30C) widsl &
E NS 60 mesh(250 pm) A2 o 7ste] AHESIGTH

2) pHRl SAt=(total titratable acidity) &8

AXE A L& 10 g= 3 Pen-type pH meter
(PH-03, =29, Korea)Z &A3}% 1, T4+ Associa
tion of Cerea Research (Arbeitsgemeinschaft Getreidefor-
schung eV. 1994)¢] A3 He w2k 01 N NaOHE
pH 857tA AA%k & A% 0.1 N NaOH9] &S mL
2 Uehpict

3) 2§ &%
gEE= Abbe 23
Japan) 2 =5 Th

T EA(Hand Refractometer, ATAGO,

T Z_EE AHE 30ToAA 49 Hjds & =4
mLE F3 5 Oberg CJ 5(1986)
o ferE‘r 9 mL sdine &< 108} 3]4%t
o}, Potato Dextrose Agar(Difco, Becton, Dickinson and
Company, USA) HJX]& ©]83}e] sandard plate count'H
O = 30TolA 48A1ZF vl & UERE colonyTE A
3FA T

3. S MEER M= H EY
1) § ! A ER2 M=

A =9-+= Freund W(2006)9] multiple-stage™ =
Hﬂ'&"é}@l Table 29} o] Axd T widstArh 0¥
SU7HE 600 g & 600 g= g?ﬁ& AT 1¥e &3
3t 3 30CoA 204 F<9F W& 7|(SP-120, Shinshin
Machinery Co., Koreg)ollAl x| wjdslda, 292 13
HlgE 59 ARIES- 1200 g F 900 git 3t ™7}
= 900 g & 900 g& FH7lshe E‘r/\] 30Col A 20417t
B AR wiFER e, 39 2aF wigE Y A=
$ 2,700 g % 2,400 gUP FHeted TE7HF 1,200 g, =
1,200 g3 thA] £33 & 30Tl 20417 B9 AX
Hi st

Table 1. Formula and proximate composition for naturally fermented raisin extract

Samoles D Incubation time  Raisin Total TTAY Brix Viable yeast counts
P ¥ & 30Ty ) © P (mL) %) (log CFU/mL)
Naturally fermented 72 300 75 395 114 316 8.29

raisin extract

Y TTA=Total Titratable Acidity.
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Table 2. Multiple-stage build-up procedure and proximate composition for rye sourdough

Incubation time at Rye sourdough Rye flour Water Total TTAY
Samples D . H
i i 30C(hrs) © © © ) 5 (mL)
0 0 - 600 600 1200 6.30 26
RSD1? 1 20 - 600 600 1200 6.16 53
RSD2? 2 20 900 900 900 2700 413 16.3
RSD3? 3 20 2400 1200 1200 4800 410 17.3

Y TTA=Total Titratable Acidity.

2 RSD1=Rye sourdough was incubated for 20 hrs at 30°C.
¥ RSD2=Rye sourdough was incubated for 40 hrs at 30°C.
“ RSD3=Rye sourdough was incubated for 60 hrs at 30°C.

2) pH} SAt(total titratable acidity) X

T AR E9-9] pHEE FAtEE 30TolA 60413E Hl
e, 20A10mk} 10 g9 &Y A EeE AdEx A
o BET $UF PP STk

3) YutMld, Mg W S8+ £

30CollA 60MZE kst w 2041%trke}h EERH
FhafoFH(Standard Agar Plate Count Method) .2 sour-
doughe} AJE|A A4S 1:29] HIEE FHol| Ho #2
71(M. Zipperer GmbH, Etzenbach, Germany)Z HUl&%
20,000 rpme.2 287t #dS 3%y HkE, Bsked 10
APz MR, AT TE EEHAHH
(Standard plate count agar, Difco Laboratories, Detroit,
MI, USA) Hj#|, ZAiF<E= Lactobacillus MRS agar
(Difco Laboratories, Detroit, MI, USA) HiX|, &5 4=
PDA (Potato Dextrose Agar, Difco Laboratories, Detroit,
MI, USA) alix]el =2ale] 30TCollA 48417t njfg &

beitsgemeinschaft Getreideforschung eV. 1994)9] &
IE HYS AHNSHE AHEsH o, AMSE A5
HigH| = Table 33 2ith W AME9E 3U7F9}
U7bEol H|&2 ZA3ke] 20%, 40%, 60% = 80%E
AR er, a8 ARESE tAEHA

2702 St Ax FHL 30TlA
AXE AA TEN, 60A17F 5 #ad s
9} 2 ARES WHE7|(Vertica Mixer, Shinshin Ma-
chinery, Koreg)oll g0} 1TH90 rpm)ol] Wh=o] HH o=
P49 w7ix] EFTE EF T HF WEEE 0T
7 HEE stk WS T=E7] 3 ¥ 208 9t 4
LoA FZPaskgth 1,100 go.2 B&Ete] 5287
Sk & AEsia WME(25.0 cm W x 9.5 cm L x8.0 cm H)
of Yol BgEx &% R2T, HUEE 80%e war)
(SMDG-36, Dachung Machinery, Korea)ollA] 7413t &<k
ArEth Tavk 2d WS SIE 210, of#iE 190T
2 o gd¥ 2E(Deck Oven, Shinshin Machinery, Korea)

colony <7} 30~3007H7F Uehts s Adste] A NA 30EZE FHTE AF2(20T)NA 1AIRE FRF WA
Z3lt 7 HDPE(ZEE Egolgdl) FA= 233 § 20T
§+2-7](BI-1000M Low Temp. Incubator, JEIO TECH Co.,
4. S AIRESR AS et SU-al SEHito| Koreg)oll Al 8Y7t AAstHA A E2 ARSI T
Hx & M &5 &2 &4
1) SU-Y S3ho| KX 2) Yol MY
-1 =3m-e Association of Cereal Research (Ar- 20T 9] 7|4 8URt AstA W o]FFHo
Table 3. Formula for rye-wheat mixed bread with rye sourdough
Ingredients” Rye sourdough (%)
(9) Baker's ratio(%) 0 20 40 60 80
Whest flour 50 1000 1000 1000 1000 1000
Naturaly fermented raisin extract 25 50 50 50 50 50
Sat 16 32 32 32 32 32
Rye flour Variable 1000 800 600 400 200
Water Variable 1450 1250 1050 850 650
Rye sourdough Variable - 400 800 1200 1600

YAl Ingredient percentages based on rye and wheat flour.
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202 &e7lolx 66Ut A3t 2¢ A=
NEE A3 AEE TF BHD F, SRS
(HYGROSKOP BT-RS1, Rotronic, Swiss)E ©]-&3te] 3
3] WkE 24§ & 7 Pagkoz Jehflth

4) =3Y &F

20T gL7lolA 6dxt AARSHA 2d A=
-1 E3ue) FARE AT AV|E A ARE

Texture Analyzer (Stable Micro Systems, TA-XT2, Eng-
land)E ©]-83t hardness(z1114d), springiness(BHE4),
cohesiveness(-5-314), gumminess(54 &), chewiness(3 & 4])
A reslience(HFAY) S SAHsINCH, 54 =L Table

49} 23y,

5) SAXzE|

RE APATE MearSDE FAEFG 01, SAS 8.12
ZZI(SAS Ingditute Inc., Cary, NC., USA)S ©]&3}
of EAREAH(ANOVA)S AAEH, 2 54 Bagh 2F
o] foAL p<0.05 FEoZ TRk gFHIAIEH
(Duncan's multiple range test) 0.2 7HZ3lg o, FE3
AEet =A% S Adete] AAdAE B4 9
3l pearson's correlationo. 2 745

1, AEE Hel %-*.E_L"—'.*QI =%

30TColA 3¢zt vt AxE Hd o :<i>:°“-°4 E4L&
Table 1] UrEhHOigrt] pHE 3.95, FAEE 114 mL,
5= 31.6 Brix(%), &5 8.29 log CFU/mLOIOiE}

Table 4. Operation condition of texture analyzer for rye-wheat
mixed breads with rye sourdough

TPA (Texture Profile Anaysis)

Test mode and option

Sample size 40 W(mm) x 40 L(mm) x 20 H(mm)
Load cell 5 kg

Pre-test speed 2.0 mnv/s

Test speed 1.0 mm/s

Post-test speed 1.0 mm/s

Distance 50%

Time 3 sc

Trigger type Auto-10 g

Data acquisition rate 200 pps

Accessory 100 mm Compression Plate

U AESE o] g3 51U B

o) A4 5 AR, SRS E 9 2gke st 173

oo

g

2. SY AMRERL EY

1) pHQt SAtE

30 COM 60AIZE &<k Miket s Af o}
T Table 20 YERRI oM, vjFAIZ o] Aojd 4
= pH'; FAd= ﬁsk# E%—r FANTE= ZY)lE= A
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¢t 3™ AR =Sl EAskE Aakte] v 9 3k
o] HaEAEA AHEE 2 24 5o 714 F
7te} WA BA7E ArKLee Y & 2003, Kim MY 2007).

R 2kt Mok 0AIRMelE 212F 366, 220, 3.48
log CFU/geI1aL, HE wiFAI7E] 60AI7l= 22t 10.18,
10.13, 9.30 CFU/gellom, 3 AMI=$-2] wjokAalzt
o] ZI1SFE FoH o R Zylsle ATFS BT

3. SY NYIESD HNIZS Zalst SU-Y 3ol
MY 5 2Y 54

1) o] X{EbAL

T ARESo tAES 2Elsted Axg ad-I
o] A& EH o] 69A o] oREH X
o7t SR, T AR =S 20, 40, 60 B 80%
AT S B 8YA F%ol7f HAsR o, o= &
Aol BT oIt 241 5 {71 5o 243 o
AES] AJSo] AaljEo] BEZ|ZTo] AXES AT
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400 | —e— General
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bacteria
200 | —a— Yeast
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Fig. 1. The effect of incubation time on genera bacteria, lactic
acid bacteria, and yeast growth in rye sourdough dur-
ing 60 hrs a 30TC.
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ER AT
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Ho} foA o7 =9tHp<0.05). 6¥AE T ALY =9
80% UiAlTo] 5078.294 gO.& 7F4 =9k, 40%, 20%
2 60% THAITES ZH2} 4404.383 g, 4124.237 g, 4080.745
go & oA o7 Uglom(p<0.05), Al ARE Itoll= &
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Table 5. Changes in water activity of rye-wheat mixed breads substituted with rye sourdough during storage at 20C

(unit; Aw)
Samples Rye sourdough(%6) Fvalue
(day) 0 20 40 60 80

0 50.920+0.001™ £0.919+0.001 £0.919+0.001 £0.919+0.001 ©0.919+0.001 1.200

2 A0.923+0.001° A0.923+0.001° 50.919+0.001° £0.919+0.001° 50.921+0.001" 18,582+ **

4 0.924+0.001° £0.923+0.001° 0.923+0.001° £0.921+0.001° 0.924+0.001° 4.474*

6 +2 €0.915+0.001° €0.916+0.001* €0.917+0.001° £0.913+0.001° 13.279***

8 + + + + +
F-vaue 34.263+** 56.878*** 30.961%** 11.353** 192.600%**

MeantSD(n=9). Means with different small character superscripts in each row

are significantly different(p<0.05). Means with different

large character superscripts in each row are significantly different(p<0.05).

Y ns=not significant.
2 Mold grew on the external surface of rye-wheat mixed bread.
*p<0.05, **p<0.01 and ***p<0.00L.
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Table 6. Changes in hardness of rye-wheat mixed breads substituted with rye sourdough during storage at 20°C (unit: g)
Samples Rye sourdough(%o)
F-value
(day) 0 20 40 60 80
0 B2582.593+180.203° ©2998.756+207.859" ©3132.047+257.664% ©3028.742+156.797° °3432.137+244.415°  25.725***
2 A2965.359+172.922° B3028.239+206.878° ©3756.681+194.520° ©3564.187+206.631" ©4213.576+241.085°  19.365%**
4 A3217.755+215.811° *3884.515+236.936° “°4086.360+210.349" A3863.934+279.028° ©4666.943+232.612°  17.239%**
6 +9 A4124.237+234.113° "4404.383+206.385° "4080.745+192.978° "5078.204+249.336°  13.279%**
8 + + + + +
F-value 11.265** 27.378*** 24.766*** 18.238%** 33.984***

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05). Means with diffe-
rent large character superscripts in each row are significantly different(p<0.05).

Y Mold grew on the externa surface of rye-wheat mixed bread.
*p<0.05, **p<0.01, and ***p<0.001.

o war|Ftel & IS vXA gete A7EY
(Kim KJ 2003)¢} FARSHA O uF AR =9 717 Ao
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su-g &3] A F Aude Wske gzad
S AES gATEE 5 AR7Ie] AojdeE &
Hog Frlshe AFE B oM (p<0.05), °1HT At
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Table 7. Changes in springiness of rye-wheat mixed breads substituted with rye sourdough during storage at 20C

Samples

Rye sourdough(%6)

(day) 0 20 0 60 80 Fvaue
0 £0.662+0.020™ 0.765+0.057° £0.623+0.044° A0.717+0.042° 0.745+0.063" 6.168*
2 50.605+0.023™" 80.593+0.015 A0.578+0.055 £0.592+0.050 50.582+0.042 0.282
4 ©0.506+0.041™ B0.555+0.034 50.501:+0.032 50.556+0.081 5C0.514+0.055 1.081
6 +2 50.546+0.051™ £0.494+0.018 £0.515+0.024 ©0.492+0.056 1.498
8 + + + + +
F-vaue 28.059+* 22.968+* 9.794* 10.706* 17.795+*

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05). Means with diffe-
rent large character superscripts in each row are significantly different(p<0.05).

Y ns=not significant.
2 Mold grew on the external surface of rye-wheat mixed bread.
*p<0.01 and **p<0.00L.
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Table 8. Changes in cohesiveness of rye-wheat mixed breads substituted with rye sourdough during storage at 20°C

Samples Rye sourdough(%o) Evalue
(day) 0 20 40 60 80

0 0.494+0.017™" £0.523+0.029 0.472+0.029 A0.507+0.033 0.501+0.048 1.319
2 50.435+0.019% £0.405+0.010" 50.394+0.010" £0.396+0.021° 50.393+0.015" 5.117*
4 €0.387+0.021% €0.373+0.014* 5¢0.368+0.018% 50.367+0.027% 5C0.352+0.016° 1.610
6 +2 €0.349+0.015% ©0.344+0.006* ©0.330+0.002° €0.323+0.004 8.682*
8 + + + + +

F-value 31.297** 69.623** 37.979+* 41.591** 34.279+*

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05). Means with diffe-
rent large character superscripts in each row are significantly different(p<0.05).

Y hs=not significant.
2 Mold grew on the externa surface of rye-wheat mixed bread.
*p<0.01 and **p<0.001.
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Table 9. Changes in gumminess of rye-wheat mixed breads subgtituted with rye sourdough during storage at 20C

Samples Rye sourdough(%b)
F-vaue
(day) 0 20 40 60 80
0 01277 547+122.600° ™1574.980+197.880% "1488.726+246.444% "™1542.092+177.125% "™1705.406+247.034% 2.354
2 1291.486+130.756°  1475.925+94.541%°  1487.646+109.059°  1404.290+126.597°  1659.481+138.531*°  4.839*
4 1243710+121.188°  1453.437+143.741°  1508.921+136.145°  1428.646+164.160°  1650.423+156.935*  4.097*
6 +? 1445.891+150.999”  1513575+53.865°  1345.876+77.381°  1641.298+114.800° 5.482
8 + + + + +
F-value 0.155 0.622 0.046 1.318 0.110

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05).

Y ns=not significant.
2 Mold grew on the external surface of rye-wheat mixed bread.
*<0.05,
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Table 10. Changes in chewiness of rye-wheat mixed breads substituted with rye sourdough during storage at 20C

Samples Rye sourdough(%o)
F-vaue
(day) 0 20 40 60 80
0 A847.600+106.857° "1189.853+191.904° "Y939.807+271.540%° *1114.812+194.071% *"1258.852+244.222° 2.354
2 AB783.620+108.436™ ©808.522+108.114  859.859+130.699  ©831.339+103.216  °971.593+118.255 4,839
4 B633.228+115.016°  ©802.600+142.669°  760.609+120.617%°  ©811.990+128.196  ©845.283+91.332° 4,097
6 +2 B726.837+61.928%  748.625+51.623°  P693.887+60.647°  ©824.494+104.075% 5.482*
8 + + + + +
F-value 3992 9.576* 1.196 7.279¢ 6.900

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05). Means with diffe-
rent large character superscripts in each row are significantly different(p<0.05).

Y hs=not significant.

2 Mold grew on the externa surface of rye-wheat mixed bread.

*p<0.01.

Table 11. Changes in resilience of rye-wheat mixed breads subgtituted with rye sourdough during storage at 20C

Samples Rye sourdough(%o) Evalue
(day) 0 20 40 60 80

0 0.168+0.012° #0.218+0.029° #0.182+0.025® £0.211+0.030% 0.212+0.041% 2.275
2 50.139+0.013™" 50.146+0.006 50.142+0.007 £0.149+0.014 £0.145+0.012 0.474
4 £0.130+0.010™ £0.143+0.012 £0.135+0.013 £0.141+0.018 £0.135+0.013 0.612
6 + £0.135+0.011* £0.125+0.003% £0.121+0.005" £0.128+0.008% 2.615
8 + + + + +

F-vaue 11.972* 21.074** 11.525* 16.330%* 11.826*

MeanstS.D.(n=12). Means with different small character superscripts in each row are significantly different(p<0.05). Means with different
large character superscripts in each row are significantly different(p<0.05).

Y hs=not significant.

2 Mold grew on the external surface of ryewheat mixed bread.

*p<0.01 and **p<0.001.
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Table 12. Correlation coefficient between water activity and textural characteristics of rye-wheat mixed breads with rye sourdough

Characteristics Hardness Springiness Cohesiveness Gumminess Chewiness Resilience
Water activity -0.245* -0.028 0.069 -0.099 -0.072 -0.092
*p<0.05.
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