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Abstract

This study was carried out to evaluate the effects of whey ferment containing L. acidophilus KCCM 32820 and P. freuden-
reichii KCCM 31227 on the quality characteristics of white pan bread. Instrumental analysis such as alveograph, gelatini-

zation temperature, texture analysis, retrogradation rate was determined. In an alveograph test, P

value in the treatment

max

was higher than that in the control, but extensibility of dough in the control showed to be higher than in the treatment, so
test dough showed more strength than the control. In terms of DSC analysis for gelatinization, temperature there were no
significant differences of 7, and AH between the control and the treatment. In hardness analysis by rheometer, dough con-
taining whey ferment revealed lower values than the control. From the analysis of the organic acid contents, propionic acid
was not detected in the control, however 1.13 mg/g of propionic acid was detected in the treatment. In the retrogradation
analysis by DSC, the test delayed slightly compared to the control.

Key words: rheology, quality characteristics, white pan bread, L. acidophilus and P. freudenreichii, whey ferment

N B

Ho
N
ol
>,

FollA Kzt FHAIQ1 AAA] ke Ay
ARE7ER APeloy dulds 1EE
o] ohFst FEjY] AlFOZ TR0
ATH(Gallardo-Escamilla et al., 2005).
g wasl] e At
23, SPdE, Ak Sl o853t 919 (Hujanen
and Linko, 1996), 8¢ ©iidL ghejouz 3|43}
WPC(whey protein concentrates)E Al Z(Indrani et al.,
2007)8kAY 3 AAE 5ol o]&star Ut

e WS FASE ato] ARt oA AsE

rr

2

F

Mr do Jﬁ Lo

)
9,
rr

*Corresponding author: Si-Kyung Lee, Dept. of Molecular Bio-
technology, Konkuk University, Seoul 143-701, Korea. Tel: 82-
450-3759, Fax: 82-450-3720, E-mail: lesikyung@konkuk

803

3 & HaaA e 717 e YASPEARE =
3t=7] AJRbH wAEe] e @E|o] Fafjatr] ARt
nAE SAoE Fose AS AFshis F2AFE
B2og fihts AWl o]&star Utk Akt
o2 71A] #7114k, H,0,, bacteriocin 52 AJAF5te] Bl
oy HijujAEe] S48 A (Daeschel, 1989).
AHtS 0] 83 A== FEolY UE RiSoA] o
WA Fafste] At obr|eit e S7HH (Gobbetti er
al., 1994) & Aol Fofshry] el aRZRE LEaA]
Aol wlste] 5535 g zh= wo] dok. B3 ikt
2 diacetyl, acetoin, 2,3-butanediol, acetate, ethanol, formate,
CO, 55 Aikste] a2 FoA v} 22 7)dg
(Cogan, 1995). L. acidophiluse 32 raste] i A
AR, pH 5.0 olStIAE F4si 34 Aewt
37°Colt}. Al o g2 Algolyt F=9] A 774 5
ol WAEH o\ F5& probioties Z-8-5te] A 1
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A MAZY FAES At AAA A
(Kamila et al., 2008).

Wil AolAdle HESERE TR O G5 AR
shet] g s dFo s ARE AL Stk Tev
A AFHVHES Hdsse AHIRY 87 we
Propionibacterium®. = -} 3 2-& A71e] RAHE
S EAA(Datta, 1981) ZE2I]24M OGS AAkeh=
QA77} sl WaElel 91 Yok #AS VRS
Boto] Ak 2294k Tt ARE-SAY Ca(OH),,
NaOH, KOH 5202 ukg3le] Ao xZzueitedql
calcium, sodium, potassium & 5 2|E9] HEFZ o]
g3ha ok TeRes Ateke AR FE e
T 07 bacteriocing BAVsE7] whol] 318HE o
= ashe ANTE o] Yor BEe 49 A
ol 7% dlth(Hettinga and Reinbold, 1972). Kenichi &
(2000) P freudenreichiz} “FH oA S48k &<t A4t
&= =Z29| Bifidobacterium adolescentis 60032 332
gk Hasigieh. Eg Z2ueske dF Fs
HE $58 YFe 9T< sl 45 75 S8,
Propionibacteriume 372880 ofugl WA
3l gt a Iy Aokl Ara(2003)E H skt

A 2 AFexs X2 LA AR sk
7S L. acidophilus KCCM 328203} P fieudenreichii
KCCM 312272 29| vieFete] f7|ike] A 2w
B AT LGRS AWS s o Hrtst
of ¥i=o] gl&=A] B AW FHd mAle dFoE F
B3, Gk =315 55 EAst] A HES)
FY TS N8k} sk

it

&5}

rok

o}

)

TR

A EE o Ui

S EREAE A 24 W& L. acidophilus KCCM
328209} P freudenreichii KCCM 312278 f-3dkaol A}
83190}, L. acidophilus KCCM 32820 Althu kg vl 2=
MRS(BD Diagnostic Systems, USA)E, P freudenreichii
KCCM 31227 AlthekE vl A= RCM(reinforced clostridial
medium, Oxoid CM 149, Germany)S AR5} c}.

USE FERUIX|

2L AzZEekeTe] §3 %2 (Calpro Co., Lid,, USA)
120 g& ZRF50) 348k 1 LE 248dlal ERFEES
1% A713 60°Col A 3057 A-eaktsle] Hha g §-%
DRERCE e

)

O

Alw xjj =
22 e R D7EEE lE 12.8%, 35 0.44%, T

i 13.5%9] FEHEMASAE, =), AEREEsE), g
o), AR £ 99.0%2] HMGEFAL, ), £EY
G, 3, A58 5 9%G@EAT, k), Al
NFA sp-2, (F)A=LAE, g1 5 ARESHAT

Starter culture M=

Pkt BoEg MRS HiA] 55 g8 SRSl fafske] 1L
2 Az RS oF 1027 dYsHAl &3 5 cap tubeol]
10mLA B5810] 121°C2] TS DATIoNA 1587 4
ot WAA A G WZheE MRS vl A 2 mLell F(L.
acidophilus KCCM 32820)% Yo 843t & 1 mL #3}
o] cap tubedl] HF3AT T2 35°Ce] QFH|oE ol A
1677} vjekste] #4571 1-2x108 CFU/mL &2 3o 2
el ARESIATY. P freudenreichii KCCM 312272 RCM
40 g& S50l S35l 1 L= AZE 3 & L. acidophilus
KCCM 328205 Althuierst 213 22 e g ujekst
o] B ujjokol] AME3ISIT}. P freudenreichii KCCM 31227
= 48131 Al sttt

7Y 238 x|

L2515 FAdul ]l AloleFer L. acidophilus KCCM
328205 1%(viv) HE g 5 36A1% wljkate] 2AkS A
Astact. wiFdel] 5N-NaOHZE H7}3l] pHE 6.58 %
At & tA] AAtsl] W2 3 P freudenreichii KCCM
312278 1% &3k 35°CY AFHlolE oA 7241t &
St 124]7F B2 5 N-NaOHZ pHE 6.52 ZAs}HA] )

Hjoko] Bt it E-8 F=7](Rotavapor R-114, Biichi,
Swiss)ol| A ILFE o] 40%7} HES (224t
I 26:30 gLyste] W=} W A HEe] 10%E
thAlsted H7Fekt

Alveograph §4 £4

A8 E-2] sodium propionate %] W7IF kg 2.5 ¢
He S 318 w3} H7ReIA] g8 HEE9] alveograph
E2 alveograph(NG, Societe Choipn S.A, France)E ©]
f31o] AACCHI (1985)0) whe} =459t W7k 250 ¢
o FAHLEET} 2.5%] NaCl £ Y1 Hk=3le] wb
SLEE 24°CE 31 o]u resting chamber 2%+ 25°C
2 23T v=s Sl FHlske] v A s
B T Z7RES 1om 2} 95 9ol A7o=E 5
i 2R 9-128 A% B 74 FA9 H5o]
EE 3} resting roome]] WS AR Fkow, p
(Fr=9] W] ok Hoj AdEH dAEHe o),
Limm)(FREEo] 82 wizhx|e] A1734), G(2.224L, 3



Characteristics of Dough and Bread Containing Whey Ferment 805

AAE) 2w gl ok AdA) & S

35 24

g E9] sodium propionate o] D7HF kg & 2.5
g & A7k v ke 32 vk sslE
3 Differential Scanning Calorimeter(DSC 6100, Seiko
Instrument Co., Ltd., Japan)Z Z7g8}9 S, indium¥} =
25 AHEEte] 2=9) gy Fhs BASATE W
300 goll R EEY ES T3l 180 mLE ¥l §ES7|
ol sEZ WS T A8 10gS EFujE 2% W) ¥
I AT 5(T )% 88 FEE 9= AL AH(/g)
= =43} Reference= ®l pans ARESIELH 5 °C/
min®] 7}DEEZ 0°ColA 170°C7HA] 71Dt

= 2o o
fr ot

Altttol X|=

21uk vjgHE-S Table 13 221 AACCHH(10-10b)
(1985yS A3ko] 22HA|H(sponge and dough method).2-
2 Az 28R d=2 WU 700 g, B WM
k] 60%31 420g, X A AWANTA 5L W=7
(Hobart A200, USA) @il A& 38, F& 287 =
F 94 BellA Ado|(FIE2E 24°C) £& 27°C, £
75%2] 12} WEAA 4AIZE LEAZTE HErt Ed 2~
AR =Y =9 A8 F SEYS Al A Al5E Y
AEC ¥al A& 38 F4 28 I 3 & REYS
Y3 Ao g 3WIF YAslal FHoZ 58 9IS
=S s slgit). o W2 27°CE 953t 1t
S 1587 Aol FAAR F 540 g Basle] F
27 - FA - AFsle] AW (21x9x8.5 cm)l] 5}
LT 38°C, FE 85%2] 23} LE AN 5087 LEA|R]
H 18 200°C, LE 200°CY] 2 E(FAO-7103, DaeYung
Co., Ltd., Korea)oll A 3087+ -t}

ENTE 25°Ce]] BESHA
A 12417 o] T HE] 24417 SRR 5UTE SASIH &

Table 1. Formulas for white pan bread (unit : g)
. Control Treatment
Ingredients %
Sponge Dough Sponge Dough

Bread flour 100 700 300 700 300
Water 63 420 210 420 110
Fresh yeast 20 20 20

Salt 20 20 20
Sugar 60 60 60
Shortening 50 50 50
Dough improver 10 10 0 10 0
Whey ferment Variable 0 100

Total 1,790 1,790

Shako HAZ7Ha (Korean Food Code, 2002)0.2 =3
ste] ofgfe] F2le| wet AEstgem Zhzke] Al 67l

A ZAste] A5= s
(%) =b/a x 100

a, AA1e] F7(g); b, A= F Fgo] Hte W] FAl(g)

M

Altto| xZ|Zt B4

A Fe] ZZF 72 Rheometer(CR-200D, Sun Co., Ltd.,
Japan)E AHE3t] St AlFS 3em FAE Ze)
M EAsRe] 25°Ce] HESIEA 124131 o] FE] 244
AR 5UZ S8ttt AlFS] 227 Rheometer
= o] 85} Table speed 100 mm/min, Chart speed 60 mm/
min, Load cell range 1 kg, Probe size 20 mm, Sample size
L 60xH 30 mm, Critical area 314 mm? % Deformation 25
59 27X 7% (hardness)S A3t =45k A
£ max weight, distance, strengths o}l &2l wel Al
Aeted ek s AR S

Strength (dyne/cm?®) = E5HE x T2/ )/Cell HE

Hardness (dyne/cm?) = (strength x 22| Fo)&A A

Altho| R7|4 & B4

A|ZF2] propionic acid, lactic acid, acetic acid, malic
acid, succinic acid &< 714t &S HPLC(LC1100
Series, Hewlett Packard Co., Ltd., USA)Z =43} t}. )
F3 AlEE 8,000 go] YAEE]71(Supra21K, Hanil Co.,
Korea)ol| Al A4lite] § 75 F3t] Millipore (USA)
membrane filter(pore size 0.45 pm)Z ]3] 20 AL
L339 42 Aminex HPX-87H ion exclusion type
(L300 mmx7.8 mm, Bio-Rad Co., Ltd., USA)2] column<
ARG o o)F e 35°ColA SmM H,S0, §o=
0.6 mL/min®] =2 S84 215 nmollA] ADC(RI Detector)
2 AEsIAT 771 2589 Z47hS 1 mL P Eske
100 mL #|2ZefaFol| A9 S/HFE 9ol 100 mLE
St & magnetic stirrer2 1023+ 83)8}aL 0.45 um mem-

brane E|E st |23}

Aol -5l S84 B4
2juto] w=3lEXL Differential Scanning Calorimeter

(DSC 6100, Seiko Instrument Co., Ltd., Japan)Z =743}
o, indiumd} & AREElY] 29} dEy] e 1A
St} Aws Zjodal A2 LBl 4°ColA] 7
U AP EA 2 7HESE ARE 10g FHst] 5]
' Wl B AI2(T )9 88 FLUks 9= A=
3 AH(1/gyE =733t} Reference= Rl pans AHE-5153
o 5°C/ming] 7FEEEZ 0°CollA] 170°C7HA] 7FE3F3ATt.
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SHz2|

EAEAE Statistical Analysis System(SAS)(2007) 57|
220G AMEsl] BAHEA(ANOVAYS: AAIekar, 2t
AlE 7re] FoA HELS p<0.05 FFEOE WA o
H2IAEH (Duncan's multiple range testyS AFE-3}ATE

23 3 IF

Alveograph §4

4 EE29] sodium propionate o] B7F kgF 2.5 ¢
He G AR WS AbeRA] %2 W] Alveograph
£48 B3 Asb= Table 29} 2t} ukEe] W) 2
83 Ho ALy A EE 4 P,e HEZTU 113
mm, AE77F 123 mm=E {§-24 z2e]7F 810 (p<0.05) Al
o] vk ert s Ao ® UERth Alveographs
A1) gy 53] 2RHe AEE FSHse V7=
Bettge 5(1989)2 HF=-2- alveograph= =7g38le] Ueh}
T Py L, W SOE W] FHE A5 5 0 &
Aot B We] HE 7R AAS YERE L
& dZ77F 91 mm, AE77F 87 mmE thZT-2] A4
o] & AoZ Rttt AR G E77F 21.2 mm,
AlAT7F 208 mmE 2TV} vk =30 193] Zfo]
= ATh ¥ gEol gk A< ettt
369x107-J, A1} 406x10*-J=2 Al =34t 2 4
oA thETRT AT ¥hsro] ZFshAl veRd A
TR aE s e Aol Ttz 2gof 7]
ks Zog AAHET A Ris 5 9rhFe oA
I} Agsle] FFES FHA sk 71%°] AtkLee ef al.,
2010). =3 L EA] AGE AR SAS WA A @
©atA sH7] wiEell M T Eobkl A o= AJZtET)

;O

tlo

o

AL EE-2] sodium propionate Uo] U7 kgD 2.5 ¢
£ e W s Ao e o] 535
SC(differential scanning calorimeter)S ©]-&3}o] =%
2F A= Table 39} At} MALE(T )= WE&77) 74.7°C

o o
)

Table 2. Alveogram characteristics of wheat flour doughs

Characteristics Control Treatment?
Overpressure P, .. (mm) 113£3.00°Y  123+2.31°
Extensibility Z (mm) 91+£2.31* 87+2.65%
Swelling index G (mm) 21.2+0.29% 20.8+0.40°
Deformation energy W (x10*-1)  369£13.65°  406+3.06°
P/L 1.25+0.04° 1.4£0.07°

DMean=SD based on 4 samples.

DYWheat flour dough containing 10% of whey ferment

“®Means with different superscripts in row are significantly dif-
ferent at p<0.05

Table 3. Gelatinization characteristics of wheat flour doughs

analyzed by DSC
T, (°C) AH (J/g)
Control 74.7+0.6°) 11.86+0.2°
Test? 74.6+0.4° 11.74+0.3

T,, Peak temperature, AH, Enthalpy

YValues are Mean+SD, n=3.

DYWheat flour dough containing 10% of whey ferment

®Means with the same letter in column are not significantly
different by duncan's range test (p<0.05).

oL AJZT7E 74.6°CE 194 Aol7} IR (p<0.05), &
glegrs] AH(/g)E ZET7F 11.86 J/gol i Al @7}k
11.74 /g2 194 Zol7} gt Hitd A% Ahs 3
frate] pH7F 4-78%R1H o] gt AF sEe i Wh
oy &stoll A FFS wXA] F=thal SFATHOwen,
1985). Ao &slo] FEFS Fv A= WY FF,
Are] R, AR d=dY pH, Ao EAlgt=

Z5F 2 3% S5 (Song and Park, 1998)0]H, &

& oo g AR Eo] 331EA0 oY
%) 2] ekc}. Alummoottil 5(2005)S ZAHE 2ol %
2 1%7HA] A7Fete 33159S S5 Ay sl
= 70°C A2 FFES vAA] Gtk shda, Asted
FuEY olZRNEFS 1%7HA F7FES ) 53kl
g7} oFt STy Hele A4 ¥gkthal ®Bars)
o 2 Ao Avel I3t

Ne o [

Amo| =5tz 24

Al
74 E-2] sodium propionate o] U7/ kg 2.5 ¢
He ke AheE A JA71ekA] e Ao ek

[e}
S =43 A¥= Fig 13 2o e A|Zsk] 1Y 3
o $4% e U277 38.6%°]03L, AlET7F
39.0%Z AlFTe] o] i w9t 54 59§
oF th2Te] R Wahs A 38.4%904 HL 38.6%
2 02%9] #olE Y, AlFTE 39.0%04 FHa
38.7%2 0.3%2] ztol7}F o] FALEE 7P Ao
SRS Rl dgkS ] Ut} Cha(2003)= L. acidophilus

2 WS dasie] Akt daES Wy ol oist
o 0, 5, 10, 20% F7}8l ThHE WS SE3t FEIH
= 3% A3 ¥ A9 gl e, ol £ A
o] At} FASIAT. Zeleznakd} Hoseney(1986)2 "
o =3PIAAIE ke FREEAS =Y 4 vk §t

2
o

Far, Golut §4] 5 FEEAAZ el AEFS 2
st FEGA FAFTAL stk g AHEdAR]
SSL(sodium stearoyl lactylate)®]1} monoglyceride 52 HF
SN FFES S7/MI7IA EE Bt TR AES )
AN W ohjeh SAEAIA B3 0 A f3)
b Siek Ssiek
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Fig. 1. Effects of whey ferment on moisture content of white
pan breads. 4, control; B, treatment, White pan bread
containing 10% of whey ferment.

o e = |
¢ aE2] sodium propionate 90| U7FE kg 2.5 ¢
He &S AUk whe Awa HrkskA] @A v 2

o] 22715 4% A= Fig. 28 2tk A% 194
2T A=7} 135 dyne/em®] A3 A1FF7} 102 dyne/
em’Z AJFT] AT} grot fo]A 2pol7} 91Om (p<0.05)
HFoog ﬁoi Uelsith. A 717te] Aistox Al

To] A=} ko 1 atolrt HojAe A vER)
A 5 A0 EHZ:rLﬂ 225 dyne/cm?0| 1L AlE7) 218
dyne/em®0]ith. L& ES HUIE AR 3AA7AE

Hardnes
bl

Day

Fig. 2. Effects of whey ferment on hardness of white pan
breads. @, control; B, treatment, White pan bread con-
taining 10% of whey ferment.

AFY] A=d FEFs Fo] o FEgE AoE Yehd
AL FALEE FrEel de AYZEA frldke] &
ol ASFAE-S st 2] Hxol JEks vzl Ao
2 AZHY Corsetti 5(200012> A= da= AR

=3k AAATle 2t dal e HuASs AtrR]

ok 3kt Erdogdu-Arnoczky (19962 WHSoll acid
whey proteing 4% H7Fste] Ax3k WS DSCE 7%
A7 =3hgo] ZAHAT 390™, Kim 5(1999)&
Aol 5 Bol AR e FREAFY uE
o] 227 FEHA STkl 31l ‘3], Ao 4

=A™ “l"——tl

W Az FALEEY HA7PL AFY AR s F
o] =3P} AAEE Ao ® et ?&Jj_, Lee(2003)=
A%, FAHFOE L brevis L-62, E3-2HT(CHN-22) 5

o We BEUEE W5 Asel el A 2
B3 A% WA e AFRG AR gho] o} R
Hrka sged, ¥ APINE FPRERS A 0
Fe meest 2 So| Aue} W WES 4R
Hoz WANA A% gol Holl Aoz Yzherk

Altito] S7|AF BA

JH- g 5-2] sodium propionate O] W7 kg 2.5 ¢
v kS Hrist Awkal A7FEkR] ke Aluwke] §-7)Ak
S HPLCE =73 A¥= Table 4 ¥ Fig. 33 2t}
TolN E2oee fEA dskort Aio] 0.057
mg/g, ZAko] 0.0234 mg/g, U] 0.033 mg/ge] HEE
Jar, AlFTFol M= Z2u]LAk0] 1,13 mg/g, ZAto] 0.199
mg/g, Z4+0] 0.224 mg/g HEH ). EHZ?OW F3olvt
Aol Adzhgol e ‘—qui"}o] SHA] & A
o|AE Aikele A E] @7}7} NRX7] w0
a1, Ak} AR H=e] g %‘Oﬂ Ak okt
AHF(Corsetti ef al., 2000)2 &%l o3 Ao = Agﬂﬂc}
S Al oA Z23)2abko] 113 mg/g AEE AL
kg S0 —EJ]LLI_ o oJate] Arkd iivq%ﬁ‘lo]
SHEIR7] wiEL] Aol 71918k AYZ1ET). Vaughan(1986)
L P freudenreichii subsp. shermanii®] aspartate THA}7}
g o njx= gkl S Ao A pyruvate,

T

lactate ¥

Table 4. Amount of organic acids in white pan breads
(unit : mg/g)

Organic acids Control Treatment?
Lactic acid 0.057+0.002°" 0.199+0.004*
Propionic acid 0+0.000° 1.13£0.003°
Acetic acid 0.0234+0.002% 0.224+0.006®
Malic acid 0.052+0.001° 0.077+0.003*
Succinic acid 0.033+0.002° 0.042+0.004*

YValues are Mean+SD, n=3.

DWhite pan bread containing 10% of whey ferment

“®Means with the same letter in row are not significantly different
by duncan's range test (p<0.05).
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Control Treatment

oxatate

2
§

=
succinate

Fig. 3. HPLC chromatogram of organic acids in white pan
bread. Control, White pan bread without whey ferment.
Treatment, White pan bread with whey ferment

malate, fumarate, succinate 52 Z 232Xl A4S 93t
R ECE s, ole B A AlETr o
ZET Bo| A& Ae) XS}, Propionibacterium
o] 2]3} glucose} lactateE 7| A2 3 T Zu|-2AF Hhg o
A glucose= EMP 720l wg} pyruvate® S| 11, lactate
£ lactate dehydrogenase®l] 2]&}e] pyruvate® 3T
Pyruvate= FFH o2 Z2u|ioz gy htﬂ (Paul
and Diana, 1987), ¥ 2go] Alg oA Z15 fF7]4k0]
ETET Bol % %EPC— AL olelst A= “HE—E 23
Zte o,

Amo| oai=y

G52] sodium propionate %] D7F kgd 2.5 ¢
g_ 2713 Awpn "71alA] ere Aluko) Jﬂ_
2 DSC(differential scanning calorimeter)@ =73}k
Table 5 2 Fig. 49} 2t} 29 7Aoo 2 797 =43
B QTR ABTE) HZLE(T} 23

29 AHU/grE A% 79 b izl vlgte] A1l

3T AN

Control

Blank

osC mw
I8
a
8

~4.600 v
1day

e v\ﬂ

4.800

o
Temp. ©

DSC mw

Table 5. Retrogradation properties of white pan breads ana-

lyzed by DSC
Control Treatment”
T, (°C) 52.0+£0.2°) 55.540.4°

1 day p
AH (J/g) 3.347£0.04*  2.103x0.02°
3 day T, (°C) 52.5+0.6 55.8+0.5°
AH (J/g) 5.845+0.03*  4.208+0.05°
5 day T, (°C) 53.0+0.4° 55.4+0.8°
AH (J/g) 6.586+0.04°  5.348+0.06
7 day T, (°C) 53.4+0.4° 55.3+0.6"
AH (J/g) 7.268+0.02°  6.126+0.04°

T,, Peak temperature, AH, Enthalpy

YValues are Mean+SD, n=3.

DWhite pan bread containing 10% of whey ferment

“"Means with the same letter in low are not significantly different
by duncan's range test (p<0.05).

A gro} w3} =7 Ao 1/‘rl:/‘r";a“'/‘r o= eE T &
JJ} k! OP:IQJ,]. 742 §o)a0] SutE B o
710 B M) BEAE Qs e Aska

(mellowmg effect)(Lee et al., 2010)0] 7]0H o)z} Azt
Hr}. o]#3 A= Rheometer® 7%= (hardness)S =73
9L 1 AP A% ol thETHT ol Reeg
W Az}l A=)5kth. Maleki 5(1980) o] R-3}he
o] £44% w3} etk sged B APl 48
9 ZHA TR BTN tha ol w5}
A EH 93-S FJIL, Russell@ Oliver(1989)E pH
7F Ao gl WX = FFlA DSCE Zge =3}
=% pH 5.69014 Ht)7} Z|aL pH 4.4, 7.8, 9.8 3t

tha FgE], B Ao ARG ES HUIs A1d+
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