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Abstract

This study investigated the changes in moisture content, pH, titrated acidity, Hunter’s color value, textural properties,
and retarding retrogradation during the storage of sourdough bread made with lactic acid bacteria culture (LCBC)
and cinnamon extract. The measurement results showed that the moisture content and pH of all the samples tended
to decrease during the storage period; the CE0Q sample exhibited the least variation in moisture content, whereas
the CE100 sample showed the least variation in pH. The titrated acidity of all the samples increased during storage,
but the extent decreased with the amount of cinnamon extract added. During the storage period, the redness, hardness,
and gumminess increased; the whiteness, adhesiveness, springiness, and cohesiveness decreased; and the chewiness
decreased after an initial increase. The retarding retrogradation was stronger for the group with LCBC and cinnamon
extract, compared to that of the control, whereas the CES0 sample presented the strongest retarding retrogradation
effect with the lowest Avrami exponent. These results suggested that the addition of LCBC and cinnamon extract
during the manufacture of sourdough bread improved the storage period efficiency and retarding retrogradation.
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Ao HZx 45 FAE FoA T o] avdn
HE 22F ikt et on, dAAY A REH
Be|et F4HtE  Lactobacillus sakei subsp.Z F74 3

ALH(L sakei subsp. ALI033)°] @713t &/do] 71 & Ao
2 H7}Eo] MRS A wlj X (Lactobacilli MRS broth, Difco,
Franklin Lakes, NJ, USA)°l| ALHZ 2% (vjv) 8 Z3to] 37C
oA 48A13F u g ¢ U41E2](3,000 rpm, 10 min, 4 C)3}
o] AHE-313ATH?28,29). Al HE 3L 1= % fr(essential oil)Q!
v, S, Wb, 2o ES, A9, AR 2
g2 T S-S 8 FBolE o] g5t SHg
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e 10%((wiv) AT 7HFE kol 24A17F A x|3 T
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A5 2 7} E A 71F(Dachan flour mills Co., Seoul, Korea),
£ EY(Samuang Co., Seoul, Korea), ©] Z~E(Jenico Foods
Co., Seoul, Korea), A4 &(Samyang Co., Seoul, Korea), &~F
(Dongwon Co., Seoul, Korea) 2 &2 F-f(Seoul Milk Co.,
Seoul, Korea)©= Al5olA F¢iste] AH&-3k3iTh
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Table 1. Formula of loaf bread with lactic acid bacteria cultured and cinnamon extract

Samples” Control CE0 CE25 CE50 CET75 CE100

Wheat flour (g) 1,200 1,200 1,200 1,200 1,200 1,200
Shortening (g) 36 36 36 36 36 36
Sugar (9) 7 7 ) ) 7 7
Salt () 18 18 18 18 18 18
Nonfat dry milk 48 48 48 48 48 48

powder (g)

Yeast (g) 60 60 60 60 60 60
Water (mL) 700 670 670 670 670 670
Lactic acid bacteria culture (g) 0 30 225 15 75 0
Cinnamon extract (g) 0 0 75 15 225 30

DControl, water 700 g, CEO, water 670 g+lactic acid bacteria cultured 30 g; CE25, water 670 g+lactic acid bacteria cultured 22.5 g+cinnamon extract 7.5 g; CESO0, water 670
g+lactic acid bacteria cultured 15 g+cinnamon extract 15 g; CE75, water 670 g+lactic acid bacteria cultured 7.5 gtcinnamon extract 22.5 g; CE100, water 670 g+cinnamon

extract 30 g.

v Y3 wRkgE TS pH meter(Accument 925 pHfion meter,
Fisher Scientific, Lenexa, KS, USA)® =74 3}3it}.
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A A% (mg%)= VXFX];XO'OOQ’ X100

V : 0.01 N NaOH §-92] 27 4] H(mL)
F : 001 N NaOH &¢] o7}

D : 3l

0.009 : lactic acid A5 #

S : ABZAHF

Fabt B Al FEES e 2ol A F
TE 2% 2009 incubatorl A 0, 1, 2, 3, 4, 2 59 F<t
AASHA A H R Al 85 AFH st MAAJC 8018,
Tokyo, Japan) & AH&-5to] LA &), a(H A &), b(H =

1o =3
e S5

A A AN FEES A Ao A% &

AL 2% 5T incubatoroll A 0, 1, 2, 3, 4, 2 59 F<F
AAsEA AN RO ARE At B T4 2AT
2x2x1 cm#Z ATH3}o] texture analyzer(TA-XT2i, Stable
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71 test type: measure force compression, test speed: 0.1
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Table 2. Changes in moisture, pH and titratable acidity of loaf bread with lactic acid bacteria cultured and cinnamon extract

Storage time (days)

Samples”
0 1 3 4 5
Control 40,150,289 37.51£043® 35.3240.45° 34.14+0.24" 3346+0.17% 32.49+0.20°
CE0 40.74+0.23 36.57+0.45" 35.66+0.43° 34.65+0.13° 34.45+0.60°° 3321+0.03
Moisture  CE25 39.82+0.04™ 36.49+0.19® 33.76+0.57° 32.29+0.60" 29.85+0.75" 29.26+0.45"
(%) CE50 39.79+0.16" 35.60+047°C 32.94+0.41%° 31.18+0.83 28.75+0.68" 28254027
CE5 38.880.16™ 35.66+0.29°® 32.18+0.88°C 29.52+0.78% 28.65+0.89"° 28.14£1.04%
CE100 37.96+0.60% 35.60+0.48F 31.03£1.17% 29.29+0.08% 29.07+0.66" 28.75£1.07%
Control 6.44+0.04A 6230038 5.58+0.06° 5.19£0,05° 5.06+0.02°F 4.6440.02F
CE0 6.58+0.01% 6.37£0.01° 5444001 520£0,01° 5.11+0.03 4.90+0.02F
. CE25 6.47+0.01 6.26:0.00® 547001 5.14+0.01" 5.02+0.01% 5.01£0.03
P CE50 6.52+0.01" 6.31+0.01% 5.48+0.01° 5.17+0.02°%° 5.16+0.03 5.00+0.06™
CE75 6.50+0.00" 6.29+0.00" 546003 5.13+0.03" 5.13+0.02° 5.01+0.02®
CE100 6.36+0.02% 6.14+0.01® 5.35+0.02¢ 5.0440,02° 5.04+0.01°® 503003
Control 7.79+0.24° 8490577 8.540.19% 9.58+0.35° 12.050.75% 1330017
CEO0 7.66+0.16° 8.63+0.297 9.57+0.15° 9.57+0.15° 11440528 13.16+0.69*
Tiﬁactiz_ible CE25 7.724033° 9.77+0.38" 10.230.84%¢ 10.5020.63% 11.28+0.74™® 13.140.48**
aclait
(mg%y) CES0 8.15:0.60° 891£0.17" 10.040.17° 10.19+0.19° 11.57:043" 12.97+0.60**
CE75 8.46+0.59" 938022 9.53+0.34 10.76+0.93 10.81+045™8 12.7740.18*
CE100 8.55+0.38" 9.31£0.27°P 10.07+0.33%¢ 10.63+0.54*® 10.75+0.80™8 11.52+0.96"

DControl, water 700 g, CE0, water 670 g+lactic acid bacteria cultured 30 g; CE25, water 670 g+lactic acid bacteria cultured 22.5 g+cinnamon extract 7.5 g; CESO, water
670 gtlactic acid bacteria cultured 15 g+cinnamon extract 15 g; CE75, water 670 g+lactic acid bacteria cultured 7.5 gt+cinnamon extract 22.5 g; CE100, water 670 g+cinnamon

extract 30 g.

JAll values are meantSD. Mean with different superscript within a column are significantly different (p<0.05) by Duncan’s multiple range test.

%=*Means Duncan’s multiple range test for different addition (column).
9 Means Duncan’s multiple range test for storage time (row).
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Table 3. Changes in Hunter’s color value of loaf bread with lactic acid bacteria cultured and cinnamon extract

Storage time (days)

Samples”
0 1 3 4 5

Control 80.22:£0.20%949 78.70+0.68° 78.4910.31 77592084 76.7020.92° 73.19+1.14°

CE0 79.88+0.28 79.11+0.21°® 79.09+0.27° 78.53+0.68° 71.73+1.05¢ 70.7420,74"

L CE25 72.990.32% 71.91£1.18"8 71.90£0.51%¢ 71,540,485 72.41£0.66 68.40£0.22°
CE50 68.89+0.38°* 68.82+0.69 68.09:+0.92°A 67.69+0.69® 67.19+0.83% 65.52+0.76'

CET75 65.04£0.41% 64.82£035% 64.35£2.00% 63.8310.39°*F 62.9020.94°® 58402033

CE100 58.32+0.70* 57.93+0.35 57.90£0.20 57.1120.11%® 57.11+0.53® 56.40+0.33

Control 1772032 -1.6420.35° -1.53:0.53° -1.512081° -1.49:0.51° -1.17£0.16'

CE0 -191£0.70° -1.8320.29% -1.750.27¢ -1.64£0.22€ -1.10£0.32® -0310.14*

CE25 2.04+0.23° 2.05£0.29° 2.29+024° 2.30£0.50° 2.3540.43 2421024

’ CE50 2910817 3.09+1.02°P 3.51+0.69"° 3.74+0,365¢ 4.00£0.29® 44120.17
CET75 3.98+0.67" 4.79+0.44" 4.82+0.62" 5.00£0.49"8 5.6410.55"8 5254021

CE100 6.3920.25° 7284022 73420315 7.61£020"8 7.73£021% 7.860.18%

Control 20.55+0.35" 18.8810.24° 19.09:030°¢ 19.06+0.33 20.81£0.30" 19.5610.18%

CE0 19.88+0.19% 18.65+0.22® 18930265 18.89+1.37® 19.89+0.424 20470374

b CE25 19.79+0.445 19.440.20°P 19.5420.49"C 20.0040.25" 19.030.38 20.7440.35%
CE50 20.53+0.25% 19.8740.37 19.7240.11%¢ 20.67+0.51°8 19.44+0.37° 21.19+0.844

CET75 20.8520.18™ 20.76£0.13" 20.05:0.84" 20.55£0.28"™ 20232025 2.61:0.51"

CE100 23.80£0.03** 22.180.10°® 21.91x0.32 21.79+0.08 22.090.14 23.5310.96*

Control, water 700 g, CEO, water 670 g+lactic acid bacteria cultured 30 g, CE25, water 670 g+lactic acid bacteria cultured 22.5 g+cinnamon extract 7.5 g, CESO, water
670 gtlactic acid bacteria cultured 15 g+cinnamon extract 15 g; CE75, water 670 g+lactic acid bacteria cultured 7.5 g+cinnamon extract 22.5 g; CE100, water 670 g+cinnamon

extract 30 g.

PAIl values are meantSD. Mean with different superscript within a column are significantly different (p<0.05) by Duncan’s multiple range test.

%Means Duncan’s multiple range test for different addition (column).
“ADMeans Duncan’s multiple range test for storage time (tow).
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Change in the sourdough bread quality with lactic acid bacteria culture solution and cinnamon extract during storage

Table 4. Changes in texture properties of loaf bread with lactic acid bacteria cultured and cinnamon extract

23

Storage time (days)

Samples”
0 1 2 3 4 5

Control 55440812099 5.96+0.46 8.10£0.68™ 8.15+031¢ 8.8410.72® 1030£041%

CE0 331028 4.56+0.30% 662042 7.05+0.59°¢ 7.44+0.3445 7.68+0.78*

o CE25 358049 495+0.58% 6.70+048 6.87+041% 7524057 7.83+042%
araness

CE50 455+0.53F 5.56+0.82° 6.82+0.38 7.88+0.69° 8411094 11.12+0.59%

CE75 6.09+0.45" 8324036 8.54+0.36" 9.54+0.56" 12.20£047% 12424049

CE100 6.92+0.78% 9.10:0.57°" 10.10+0.40% 11.80+0.48 13.24+0.62° 15.13£0.97

Control 0.39+0.06* 0.39+0.06* 0.38+0.05* 0.3420.048 0.31£0.05 0.28+0.06"

CE0 040+0.06 0.390.05 0.380.06 0370.06" 0.36+0.03" 0.33£0.09"

. CE25 0.40+0,04* 0.38+0.0448 0.3620.05%8 0.3620.04*8 0.34+0,04°5€ 0.30+0.04°
CSIVENESS

CE50 0.40+0.04* 0.40+0.05 0.36+0.06" 0.36+0.06 0.33+0.06° 0.27+0.06°

CE75 0.40+0.04* 0.39:0.03* 0.38+0.03* 0.38+0.03" 0.33+0.04 0.33+0.05

CE100 0.40+0.05* 0.40+0.03* 034003 0.23+0.05" 0.2140.04P 0.18+0.04"

Control 0.90+0.00" 0.89+0.01% 0.88+0.00° 0.87+0.01° 0.81:0.01* 0.8120.01%°

CE0 091+0.01* 0.90+0.02°%* 0.89:+0.00 0.88+0.01 0.86+0.02 0.83+0.01°

Soin CE25 0.90+0.00™® 0.900.01 0.89+0.01" 0.87+0.01 0.80£0.01™” 0.780.02°F
rnginess

prne CE50 0.90£0.01% 0.89+0.008 0.88+0.00"8 0.8420.01% 0.800.01>P 0.68+0.01%

CE75 0.89+0.00% 0.890.00% 0.88+0.01% 0.81£0.02 0.79+0.01 0.52+0.01F

CE100 0.82+0.00% 0.79+0.01° 0.76+0.01¢ 0.69+0.01® 0.46+0.01% 0.33+0.01F

Control 0.52+0,02 0.50+0.07*8 0.48+0.01°% 0.47+0.01%C 0.46+0.00° 043001

CE0 052001 0.48+0.00""8 048+0,00% 045+0,01%¢ 0.44+0,03¢ 0424001

Colesi CE25 0.520.01 0.460.01™ 0.450.00%® 0.45+0.04™¢ 043+0,01™¢ 0.400.02
0nesiveness

CE50 0.51£0.05%4 0.50£0.01 0.50£0.00* 0.47£0.01% 0.47£0.01° 0.46+0.01®

CE’5 0.51£0.02°% 0.48+0.01"8 047002 044000 0.410,02°® 040£0.00°

CE100 0.49+0.01% 0.46+0,02 0.41£0,01% 0.39£0.01° 0.39£0.03%® 037+0.01%

Control 2924048 3,0240.55% 3.8820.36" 3.80£0.15® 4.0920.35"5 438020

CE0 1.71£0.14 2.18+0.14° 31740214 3.18+027% 3284033 326+0.29%

, CE25 186025 227+027° 3.04:0.20" 30740414 323029 3.16£0.18"

Gummmess cE bD cC BC bB bA

CE50 2.32+0.40 2.78+0.43 3.38+0.20 3724035 3.96+0.48 5.10£0.35

CETS 3092029 399021 402028 4.16+0.25" 504026 491021

CE100 338039 420:032° 4.14:020" 4.65+0.18° 521053 5.67+043

Control 262£043° 269049 340£031% 330:0.15* 331031" 356019

CE0 1.55+0.12° 1.96:0.15° 283£0.17% 278+0.25" 284032 270£0.26"

_ CE25 1.67:0.22 205+025% 2.70:0.17" 266037 2.580.24° 2474013

Chewmess bD bC bcB aB bAB aA

CE50 2.10+0.36 2.48+0.38 2.99+0.18 3144027 3.1840.37 3.48+0.22

CET 2742027 355:0.18" 352023 335:0.18" 3.99£0.24* 254013

CE100 2.78+0.32°® 3334024 3.13+0.16™ 3.19+0.12 2.41+0.22 1.89+0.16™

DControl, water 700 g, CEQ, water 670 g+lactic acid bacteria cultured 30 g; CE25, water 670 g+lactic acid bacteria cultured 22.5 g+cinnamon extract 7.5 g, CESO, water
670 gtlactic acid bacteria cultured 15 g+cinnamon extract 15 g; CE75, water 670 g+lactic acid bacteria cultured 7.5 g+cinnamon extract 22.5 g; CE100, water 670 g+cinnamon

extract 30 g.

PAll values are mean+SD. Mean with different superscript within a column are significantly different (p<0.05) by Duncan’s multiple range test.

%Means Duncan’s multiple range test for different addition (colummn).
9 Means Duncan’s multiple range test for storage time (row).
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Table 5. Avrami exponent, rate constant and time constant of loaf
bread with lactic acid bacteria cultured and cinnamon extract

Rate constant (h)

Avrami exponent Time constant

les”
samples (0 @’ (i
Control 1.8109 0.0127 78.74
CE0 1.5304 0.0307 3257
CE25 1.2988 0.0263 38.02
CES0 1.2316 0.0096 104.17
CE75 1.2768 0.0296 3378
CE100 1.1097 0.0147 68.03

UControl, water 700 g, CEO, water 670 g+lactic acid bacteria cultured 30 g; CE2S,
water 670 g+lactic acid bacteria cultured 22.5 gtcinnamon extract 7.5 g; CES0,
water 670 g+actic acid bacteria cultured 15 g+cinnamon extract 15 g CE7S, water
670 gHlactic acid bacteria cultured 7.5 g+cinnamon extract 22.5 g; CE100, water
670 g+cinnamon extract 30 g.

Malues obtained from slop of plot log{-In(EL-E)/(E-Eg)} vs log t.

IWalues obtained from slop of plot In(E;-E) vs time.

A 06 r n
Q OControl
- y=1.8109x - 3.4214
R2=0.8752

ACE0
y = 1.5304x - 2.5341
R2=10.9658

XCE25
y=1.2988x - 2.1655
R2=0.951

OCES0
y=12316x-2.4632
R2=0.9929

03 r

00 r

-03 r

-0.6

log{-In(EL-Et)/(EL-Eo0)}

+CET5
y=1.2768x - 2.2656
0 R2=0.6626
©CE100
y=1.1097x - 2.0889
R*=0.9503

-09 r

O Control
y=-0.0127x + 1.606

ACE0
y=-0.0307x + 1.6358

XCE25
y=-0.0263x + 1.5458

OCES0
y =-0.0096x + 1.909

08 | +CE75
’ S y=-0.0296x +2.2485
A ©CE100
-1.6 L L . . 1 y=-0.0147x +2.1781
0 20 40 60 80 100

Storage time (h)

Fig. 1. Plot Log{-In(E.-E)/(EL-Eo)} vs log # (A) and polt -In(E.-E)
vs time (B) for loaf bread with lactic acid bacteria cultured and
cinnamon extract.

-O-, control (addition of water 700 g); - -, CEO sample (addition of water 670 g+lactic
acid bacteria cultured 30 g); -x-, CE25 sample (addition of water 670 g+lactic acid
bacteria cultured 22.5 g+cinnamon extract 7.5 g); - -, CE50 sample (addition of water
670 g+lactic acid bacteria cultured 15 g+cinnamon extract 15 g); -+-, CE75 sample
(addition of water 670 g+lactic acid bacteria cultured 7.5 g+cinnamon extract 22.5 g);
-¢-, CE100 sample (addition of water 670 gt+cinnamon extract).

T2 ZAA-FEE A A26H A1E (2019)

AIZE & Fo2 Ve A%E= Fg 13 2l Aviami A5
e AFA7 A= A 2HE S e S5 5
A o2 YERFE FhO R Aviami A5 gho] wow
312 oldshe BTkl B Aueln, SEAFR
A5 AVEFRE =3k A SR SRS
ol F4% w3t AdE e g 2 S YeRd
(44-46). 272 Avmi A1) Fk2 1.8109°] 11, F-4F
vzt Al FEES H7Ee 28] Avimi A (n)=
1.1097-1.53042 2E A|8o|A] xFHT} Yo} fakt
vl g} A9 FEE2 AW w38 AAlste EEE
A 7=l H, Crowley 5(13)9] dAtellA e ZAtS H7ket
sourdough wheat bread= T =719} ¥ waj A =37} =ei%]
£ Ao ettt 3} £25 Yehlle AZHER1/R
A fAEE AT AR FEES 119 HER HU1s
CE50 Al 8% 104.172 thxT9] 78.74 Bt} =Skch whahbA
B ATollA ikt v a) A9 FEELS w3k AAlst
= BA0IA R &3 v &of| M =3} & zpol7t
A= Aoz ey

STRRUNNCAN Y

o (o]
- =

e

N re

= FAht w2 AT FEE & g4l Hrts
sourdough breadE #7J3FHA 4=, pH, A4t
54 9 wslre] WslE Sste] Aol A
A Z294E ATt A% F

3t A, RE AlsE ARzl 4
Padte 23S B, CE0 A& 2ol
o] =& Ao R YEon,
A2 Ao Yehsith A% 5 pHel
TR A 2 RE A Rl|A] 2737131l
T2 Ache A4S B a, A% 27)de Uz
A&7} Ekoy A713te] AodSE A9 F
=& H7Fo] =2 CE100 Al 87} =2 43S Heon,
A7713F F<k CE100 Al 52] pH7|F 71 gyt 2L Ao
2 Uehgth A% F ARaeE= pHe| A} vigs nE
AlBolA A Ag713te] AAASFE Sl AES B,
A%y 3L7A] =t 2T frakt vl g & Hrbeo] B
2ol ALt Hekoyt 1 o] Fofl= AP FEE Ut
Fo] W AwoA] ggtom, A9FEE Hrte] B
F= AR B A WEy P A A%
% AEo] WsloA AT = 277 7te] dojdaE A

=A% B, ANEE U8 S Beon,

e
)

1

§ o

o
o

AN b
fr o2

o
)
-

.
o]

o M

=

N
ot N
offt
[e]
4
N
N
3
ol
M
o
ot

W R Y X bR oo
o
ol
AN
N
o
by
rlo
po)

2 M A ol i

W Moo

P>
2

£ 239 A3 sk A& Sk
G2 ugln, B, By 2 SR8 e daste 4%
ugom, 4PYE F7h F vl phshs 23 6y



Change in the sourdough bread quality with lactic acid bacteria culture solution and cinnamon extract during storage 25

th A% F =3tE sl AR v AlvFEE
= A7IE A Ol 2T T Avimi A1) Frel WSk
11, AZPER(1/ROIAE CEolA 7H4 Wik, CESO A =

7} 7V ot w3t x| &t 7Y & AL E JEyth
Sourdough breadl| A WE= 5-f-2] Al5tat WAE Al
ato] AAHR M wrt #e AL AYFEFES 2550%
A7k Awo 2 vehd éﬂrﬂ TR duEd 2t
T gAT} A FEES 119 SR WUl e W 7t

ZALel 2
= d7e FHFES AP E7 S EAR

A1111432) 0.2 39 Aol R 2 o]

References

1. Jung KT, Park BG, Lee MH (2017) Quality
characteristics of sourdough bread using fermented fig.
Culi Sci Hos Res, 23, 56-65

2. Brandt MJ (2007) Sourdough products for convenient
use in baking. Food Microbiol, 24, 161-164

3. Arendt EK, Ryan LAM, Bello FD (2007) Impact of
sourdough on the texture of bread. Food Microbiol, 24,
165-174

4. An HL, Lee KS (2009) Study on the quality characteristics
of pan bread with sourdough starters from added domestic
wheat flours. J East Asian Soc Dietary Life, 19, 996-1008

5. Thiele C, Ganzle MG, Vogel RF (2002) Contrzibution
of sourdough lactobacilli, yeast and cereal enzymes to
the generation of amino acids in dough relevant for bread
flavor. Cereal Chem, 79, 45-51

6. Lopez HW, Duclos V, Coudray C, Krespine V,
Feillet-Coudray C, Messager A, Demigne C, Remesy C
(2003) Making bread with sourdough improves mineral
bioavailability from reconstituted whole wheat flour in
rats. Nutr, 19, 524-530

7. De Vuyst L, Gaenzle M (2005) Second international
symposium on sourdough: from fundamentals to
applications. Trends Food Sci Technol, 16, 2-3

8. Kim YM (2018) Quality characteristics of sourdough
bread with apple whole wheat flour sour starter. J Korean
Soc Food Sci Nutr, 47, 468-475

9. Hansen A, Schieberle P (2005) Generation of aroma

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

compounds during sourdough fermentation: applied and
fundamental aspects. Trends Food Sci Technol, 16, 85-94
Gucmen D, Gurbuz O, Kumral AY, Dagdelen AF, Sahin
I (2007) The effects of wheat sourdough on glutenin
patterns, dough rheology and bread properties. Eur Food
Res Technol, 225, 821-830

Armero E, Collar C (1996) Antistaling additives, flour
type and sourdough process effects on functionality of
wheat doughs. J Food Sci, 61, 299-303

Rouzaud O, Martinez-Anaya MA (1997) Relationships
between biochemical and quality-related characteristics
of breads,
microbial starter and the type of process. Z Lebensm
Unters Forsch A, 204, 321-326

Crowley P, Schober T, Clarke CI, Arendt EK (2002)
The effect of storage time on textural and crumb grain

resulting from the interaction of flour,

characteristics of sourdough wheat bread. Eur Food Res
Technol, 214, 489-496

Meignen B, Onno B, Gelinas P, Infantes M, Guilois S,
Cahagnier B (2001) Optimization of sourdough
fermentation with Lactobacillus brevis and baker’s yeast.
Food Microbiol, 18, 239-245

Katina K, Heinio RL, Autio K, Poutanen K (2006)
Optimization of sourdough process for improved sensory
profile and texture of wheat bread. LWT-Food Sci
Technol, 39, 1189-1202

Mori H, Okada H, Onishi H, Takaki S (2001) Bread
making using brewing microorganisms (Part 1). New sour
bread starter using brewing microorganisms. J Brew Soc
Japan, 96, 282-288

Kati K, Kaisa P, Karin A (2004) Influence and
interactions of processing conditions and starter culture
on formation of acids, volatile compounds and amino
acids in wheat sourdoughs. Cereal Chem, 81, 598-610
Byun JB, Chang JH, Jeoung GY, Lee JS (2015) Effect
of rice flour sourdough fermented with Omija
(Schizandra chinensis) extract on quality characeristics
of bread. Korean J Food Sci Technol, 47, 704-710
Byun JB, Lee JS (2017) Fermentative characteristics of
rye sourdough containing Omuja extracts. Korean J Food
Sci Technol, 49, 168-172

Ma EB, Yoon HN, Lee S, Jung HN, Choi OJ (2018)
Quality properties of whole wheat flour sourdough bread
using sweet persimmon stater. Korean J Food Cook Sci,
34, 263-271

Choi JH, Kim E, Lee KS (2016) Quality characteristics
of sourdough bread made with kamut sour stater. Culi



26

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

o
i

Sci Hos Res, 22, 117-133
Lim ES (2016) Effect of the
heterofermentative lactic acid bacteria and acid-tolerant

mixed culture of

yeast on the shelf-life of sourdough. Korean J Microbiol,
52, 471-481

Lim ES, Kim YM, Lee EW (2017) Functional evaluation
of sourdough containing lactic acid bacteria isolated from
sliced radish kimchi. Korean J Microbiol, 53, 180-192
Elizabeth TJ, Gassara F, Kouassi AP, Brar SK, Belkacemi
K (2017) Spice use in food: properties and benefits. Crit
Rev Food Sci Nutr, 57, 1078-1088

Gruenwald J, Freder J, Armbruester N (2010) Cinnamon
and health. Crit Rev Food Sci Nutr, 50, 822-834
Ping H, Zhang G, Ren G (2010) Antidiabetic effects of
cinnamon oil in diabetic KK-Ay mice. Food Chem
Toxicol, 48, 2344-2349

Ho SC, Chang KS, Chang PW (2013) Inhibition of
neuroinflammation by cinnamon and its main compenents.
Food Chem, 138, 2275-2282

Choi HN, Oh HH, Yang HS, Hun CK, Bae IH, Lee
JS, Jeong YS, Jeong EJ, Jung HK (2013) Antifungal
activity against cheese fungi by lactic acid bacteria
isolated from kimchi. Korean J Food Preserv, 20, 727-734
Huh CK, Hwang TY (2016) Identification of antifungal
substance of Lactobacillus sakei subsp. ALIO33 and
antifungal activity against Penicillium brevicompactum
strain FIO2. Prev Nutr Food Sci, 21, 52-56

Choi YJ, Jin HY, Yang HS, Lee SC, Huh CK (2016)
Quality and storage characteristics of yogurt containing
Lacobacillus sakei ALI033 and cinnamon ethanol extract.
J Anim Sci Technol, 58, 16-22

Huh CK, Shim KH (2017) Quality characteristics of
sourdough bread added with lactic acid bacteria culture
solution and cinnamon extract. Korean J Food Preserv,
24, 764-770

AOAC (1995) Official methods of analysis of AOAC
Intl. 16™ ed, Association of official analytical Chemists,
Arlinton, VA, USA, Method 943.02

Armero E, Collar C (1998) Crumb firming kinetics of
wheat breads with anti-staling additives. J Cereal Sci,
28, 165-174

. Torrieri E, Pepe O, Ventorino V, Masi P, Cavella S (2014)

Effect of sourdough at different concentrations on quality
and shelf life of bread. Food Sci Technol, 56, 508-516
Abu-Choush M, Herald TJ, Dowell F, Xie F, Aramouni
FM, Madl R (2008) Effect of preservatives addition on
the shelf-life extensions and quality of flat bread as

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

T2 ZAA-FEE A A26H A1E (2019)

determined by near-infrared spectroscopy and texture
analysis. Int J Food Sci Technol, 43, 357-364
Aplevicz KS, Ogliari PJ, Sant’Anna ES (2013) Influence
of fermentation time on characteristics of sourdough
bread. Braz J Pharm Sci, 49, 233-239

Lappi J, Selinheimo E, Schwab U, Katina K, Lehtinen
P, Mykkanen H, Kolehmainen M, Poutanen K (2010)
Sourdough fermentation of wholemeal wheat bread
increases solubility of arabinoxylan and protein and
decreases postprandial glucose and insulin responses. J
Cereal Sci, 51, 152-158

Bartkiene E, Bartkevics V, Krungleviciute V, Pugajeva
I, Zadeike D, Juodeikiene G (2017) Lactic acid bacteria
combinations for wheat sourdough preparation and their
influence on wheat bread quality and acrylamide
formation. J Food Sci, 82, 2371-2378

Ryu HY, Bae KH, Kum EJ, Park SJ, Lee BH, Sohn
HY (2007) Evaluation for the antimicrobial, antioxidant
and antithrombosis activity of natural spices for fresh-cut
yam. J Life Sci, 17, 652-657

Song JH, Lim JA, Lee JH (2014) Quality and antioxidant
properties of cookies supplemented with cinnamon
powder. J Korean Soc Food Sci Nutr, 43, 1457-1461
Park JY, Joo JI, Kim JM (2017) Changes in the quality
changes of bread added with acorn the storage periods.
J East Asian Soc Diet Life, 27, 529-539

Kang EY, Yang YH, Oh SH, Lee JH, Chang KS, Kim
MK, Cho HY, Kim MR (2006) Storage quality
characteristics of milk bread added with [B-glucan from
Agrobacterium spp. R259 KCTC 10197BP. J Korean Soc
Food Sci Nutr, 35, 613-621

Fagundes GA, Rocha M, Salas-Mellado MM (2018)
Improvement
technological properties of wheat bread with the addition
by cobia (Rachycentron canadum). Food Res, 2, 221-227
Song KY, O H, Zhang Y, Joung KY, Kim YS (2016)
Effects of pumpkin (Cucurbita moschata Duch.) leaf

of protein content and effect on

powder on quality characteristics, antioxidant activities,
and retarding retrogradation by shelf-life of Sulgidduck
(rice cake). J Korean Soc Food Sci Nutr, 45, 1792-1798
Joung KY, Song KY, O H, Zhang Y, Shin SY, Kim
YS (2017) Study on the quality characteristics and
retarding retrogradation of pound cakes containing teff
(Eragrostis teh flour. J East Asian Soc Diet Life, 27,
41-49

Kim SS, Chung HY (2010) Retarding retrogradation of
Korean rice cakes (Karaedduck) with a mixture of
trehalose and modified starch analyzed by Avrami
kinetics. Korean J Food Nutr, 23, 39-44



	유산균 배양액과 계피추출물을 첨가한 sourdough bread의 저장 중 품질변화
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	요약
	References


