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The physicochemical properties of dextran culture fermented by Leuconostoc citreum S5 were evaluated by
the addition of various polysaccharides and heat-treatment. The consistency of dextran culture increased with
the addition of carrot juice residue (CJR) in submerged culture, resulting in the highest consistency of 150 Pa - s"
and viable cell counts of 2.36 % 10° CFU/mL at 20% level of CJR. The dextran culture showed the pseudoplastic
behavior and its consistency was greatly increased with the addition of various polysaccharides at 2% level.
Addition of glucomannan indicated the highest consistency of 1275 Pa - s" and their heat-treatment resulted
in the increase of consistency except for glucomannan. After heat-treatment, the fermented dextran culture
containing CJR fortified with gellan gum and carrageenan showed great change in rheology, indicating the
highest consistency and hardness value resulted in the great increase of elastic and viscous moduli. The dynamic
viscoelastic properties of dextran culture were greatly increased by the heat-treatment after fortification of
various polysaccharides. Thus, the consistency and viable cell counts of dextran culture were increased with
the addition of CJR. The rheological properties of dextran culture were manipulated by the fortification of various

polysaccharides and heat-treatment.
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g2 GAoly AL He R ZAFEA B- wEba] B BhS 85t HEE AFoEAN JtEE A
carotene, FIE}R! C, EXHE % 7714, AolidF 59 2 g AEA Aol Rl dEERS T HEES Y
phytochemicale] 33+ 982 a4 AvH1,2). 5344 st EAEAS Y, EANES % AEaAE &
A 28] B-carotene vitamin A¢] AFTEAZ A+l Fi} £S5 8l A2 BaFol tkst 122 dFFE HUt
FAE B AW A 59 VsE 7R AL ATHR). B2 stel B4 - #g A Bastth AA S o
S AYE A g G2 AFRE F8H3 dov AF |3 HAE ohdF ALl B3 AT EA g2 AF 24t
Az Aol BAEZ Yabd s g uhe gi HEe 59 T HEE S 1A HAE] a4 AL 2 wEEo

FIES FH3he, 8% oo & FEFFO R A =2 # A7(6) sl FAHUG
WA AFaARY &go] ofe]E Aot T v AR %49 B Leuconostocsoll 48t FAMTE
Aol df7t FHekH, T84 AT B S X9 & Bk A Qe x dAasty Aol dextrans A
3tar glo} AELAZ AFEo] Jfe ol e Bela, g FAste 5 etk o83 A dextrane A X 2
ASE Azt G2 G v AFaA 2 AFse] vl #2491 dextran sucrase®l] 2J3 7]12<1 sucroseZF-El glu-
vjRlete. Tl AFE A A B2 F AT A 50% coseZ FHA7I™ FA TS FujdoE A i
AE7t BAFEQ g vho] AAbE T QA A G 6t 2 A4 24 H2Ed g3RE AYAIH6). A}
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T3 B2 A7 A 4oh1819). 1 A Akt
e LEA G FEA EgAdo] e YrET
i LEE tde 1 EA R MU wE B4
WHalo] ik AFE = vuk AAo|th webA Leucono-
stockS o] 43t AN dAET g FEES YA
< 8o H7tEaAE Hrsiglon, 9 2EQ
st 1A gERE H7F 2 X

AT

Ao AL&3 FFE AX AN B8 533 Leuconostoc
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Lactobacilli MRS(Becton, Dicknson and Company, Sparks,
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Table 1. Condition for instrumental texture measurements

Parameters Condition
Pre-test speed 5 mm/sec
Test speed 3 mm/sec
Post-test speed 5 mm/sec
Distance 6 mm
Time 3 sec
Trigger force 5g

systems, TA-XT plus, England)E& A}&3le] A5l
TPA(texture profile analysis)E #2433t A|82& A&
25 mm, £°| 20 mme] T &7]d Fol 459 cylin-
der(20 mm diameten) 2 47 £22 35 u "I S o
Zl=dl 28% & S439oH S 202 Table 134
2.

Hxz
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JI)!-

drEd HagEe] AxT ¥ 554 542 Rheometer

System(HAAKE RheoStress 1, Germany)®l| cone plate
device(Platte PP35 Ti, 3.5 cm diameter)S &3Fale] =43}
Atk A2 1.2 mLE #3&to] plate] &2 73+ 9 102 FoF

o Higtel 4o 4 FS shear rate(1/s)9} shear
stress(Pa)2 YElf o] HZE7} ol upe} Uy HE
Ho] ol aHE ZASPUT. SHLLE 20°CoA] A

EE(FE 1~100 s 9 B2 #5548 Fotrga, ¥x

T A4 g Power law 2 Herschael-Burkley =245

AF8-8to] WER 21TH?20).

=X MERM
s

IOF

_1_

=3

=2 A e+A (dynamic viscoelasticity) 3L AAHFZE
AT T AAxAANA Fde MFEI HFE A}
ol AFAAZ detvte #3HE A3 At fre-
quency sweepZH-B ZAAE FFF(requency, o) 1.0~
31.6 rad/s H¥ A €A E (elastic modulus G )3 A E

(viscous modulus G")& =333t

Znt 2 nHE

=2 B MU sx0 mE HAEY deEo EY

AR Habtg o] 83t HAA dextran HEFIH LEE
o] iAo FHG Ao, afrek A E FHE AY
= 9 vk Hrtd wE B i B3ty A8 B4
3T,

g He FESLEE Q7% 2 A HaH| X ol 20%(w/v)
A sEEE H7EIAS W TEEY pHE 36~43 %=
2 32 8o HV 3RV oA E Yol AEdg UE
ylon, des f2rs A9t 9 9he Hrt s=7t
F7METE 2olAe S YERN Atk (Table 2). 1A 2
2 Leuconostoc citreum SH5E o]-&3te] AghS T EA

Table 2. Changes in pH, acidity and viable cell counts of
the dextran culture fermented with various content of carrot
juice residue

% o Acidity Viable cell
(w/v) b (%) counts (CFU/mL)
0 423 0.44 5.00% 10°
Carrot juice 5 434 0.30 2.50 % 10:
residue 10 3.86 0.38 2.38x10”
15 3.63 0.67 2.25%10'
20 3.62 0.76 2.36x10°

FoZ ste 7|EMA A wdE FEd HEEL power
law oA S E F5AF7E 03302 A A g7ka

AHA BEXHS BRgor, 3FZ% A4 (consistency index,
K)= 163 Pa - s"& UYehAIth 53] 2a=9] %
= B v H7t s=Th ligfr% Z7tstlen, g ¢
< 10% W7l e W HEE A5E 100 Pa- s, & o
209 A7HS wolE 150 Pa - s" A== Z7}8}
HAo(Fig. 1). < B #71ete] 7]12n) A el A
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Fig. 1. Changes in fluid consistency of the dextran culture
fermented with various concentration of carrot juice residue.
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Fig. 2. Changes in hunter color values of the dextran culture
fermented with various concentration of carrot juice residue.

S deste] AMgetdTh w3 PAEY i BEE
HPLCE o] &8 d2Ed & 24 Ax}, & =E
5 332 g/L, B84 d2ETHS 298 g/ o,

T S 100%S YEFR ATHO).

Clekz A7tof| = dextran S22 A B35}
O~

Botor thdiFE 100°C o]3toll e &3
o] ojE 9] UFFE HrIs HaE 9 A= autoclaves
o] &3l 121°Coll A 1583 3t AH8-8 UdEdHFE = xan-
than gum, glucomannan, gellan gum % carrageenan® =
ol A7} 2% H7tste] sl £ §, HaES] €4
2] Ay 38 £ hardness(A1LAd), adhesiveness( 2+
4d), cohesiveness(-5- 3 4J), gumminess(H24) 2
ness(FEA)e] WslE dolR ATH(Table 3).
ggFE 718 @aE9 hardness= xanthan gum>
glucomannan> carrageenan> gellan gum> HZT <O 2
UElLE I, cohesivenesse A X2 08% =2 UE:
© 1, gumminess®} chewiness= glucomannan® xanthan
gume H71etAS o thE g9RE HAiste AR €5
3l A S HIAT 9 A2ES s daEd 848 1 EA
OIHRE J71s 3 €48 A AlEEL UER TR wEt
S 7
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= e
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Z9 Z& E48 AT el dixee 34 8
2 45 e

g5 A o X AR 2
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Table 3. Textural characteristics of the dextran culture fortified with various polysaccharides

Hardness Adhesiveness Cohesiveness Gumminess Chewiness
(dyn/cm®) (g) (%) (g) (g)
Control 542+37 -735+13.4 0.8£0.2 40.8£8.5 33.9+14.0
Before Gellan gum 62.6+4.6 -79.9+5.3 0.8+£0.2 4811124 41.3+£19.2
heating Glucomannan 180.4+9.4 -141.6+31.8 0.8+0.1 140.4+7.3 136.8+7.2
Xanthan gum 217.8+£9.8 -180.6+13.4 0.7£0.1 153.5+2.7 138.6+4.2
Carrageenan 93.3+£4.3 -70.3£6.7 0.8+0.1 75.5£75 739+74
Control 40.1+£4.0 -41.4+0.3 0.9+0.1 35.3+16 34.3+21
After Gellan gum 1084.1£64.7 -109.4£31.9 0.3£0.1 316.5+120.7 271.7+78.7
heating Glucomannan 142.0+81 -108.4+19.6 0.9+0.1 120.4+10.9 117.0£11.6
Xanthan gum 200.0+19.2 -100.4+12.2 0.7+0.1 139.1+11.7 128.6+11.2
Carrageenan 452.71+24.3 -423.5£67.0 0.8+0.1 369.9+£18.3 358.3+£12.9
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Table 4. Flow behavior parameters of the dextran culture fortified with various polysaccharides by Power law model (K,

n) and Herschael-Burkley model (Kj)

Consistency index (K) (Pa-s") Flow behavior index (n) Ky (Pa-s")
Before heating After heating Before heating  After heating  Before heating After heating

Control 1055+3.2 59.3+0.6 0.33+0.04 0.20+0.00 1153+29 65.5+0.04
Gellan gum 150.2+4.3 1093.1+3.1 0.37+0.03 0.98+0.02 187.1+0.8 1296.2+9.3
Glucomannan 1275.0+115 697.0+2.3 0.73+0.04 0.67+0.02 688.5+4.2 4241+4.1
Xanthan gum 192.3+5.7 772.7+3.3 0.38+0.02 0.87+0.04 330.3+2.6 851.4+4.7
Carrageenan 300.2+2.9 802.4+2.8 0.44+0.03 0.84+0.03 683.1+3.8 936.5+6.8
Hars E4 = Fko] ZA iﬂlﬂ% 548 HoAFHA 92ET H pro-
guo] Hrbe HaEd WERG URRE 247 29 biotic B4 REE WX 218 98 AFLA2 B8

Ar1Ele 24 wale 24591, AUsEe duedy o Asagn A,

9] #AE Power law 293} Herschael-Burkley =& 2] o] =X eI = g

Jgel FEAAFM), FEE AFK K)E Jeien

[o

(Table 4). ©] FEEEL H2 ATET HE YollA =2
AYAF(R=098~099)2 YeNEA 5 ZdA S 2
AE&H AT 3 ngte] HH= 0.33~0.989] W= shear-
thinning A%< YEl= AL € F J1, AZE XF(K,
Kol #el =575 A5 8AFm#S S7tete s
et o 84 357 &9 9 shear-thinning A58
P 2E 7= A&HCA YATEe] Aol FEFE X
H Ao = FU1eHA Hed, AvEErE Sl w
ol EHE A=Y F= FAsHA Hol E4HAF] B
Uehvts Asoldta BaEial JTH20).

S v HEsked HE AR B AE HEE ) gluco-
mannan< 2% FEOE FJ7e HAEES HEE A K
A3 Kygtol 747 12750 Pa-s”, 6885 Pa-s'2 744 && g
S Yea, 7 9292 carrageenan, xanthan gum,
gellan gum A7} £ 2 YeElyoh

92ET I daE dIFFHE HUret] €A &
ol hZ7 glucomannan F7F HEES A st Y=
= AF7F F33] S8R e, §3] gellan gumS 3713}
o X TEELS K K17L°] Z+Z} 1093.1 Pa-s"3}
12962 Pas"® =450 438 dutt 24 Z71sts A3

HPow 202 carrageenans 3 7F3F Ao wra
29 K& Kugkol 802.4 Pa-s"d} 9365 Pa-s"= €32 A
Bt Az A 3ol $7HE e e & F AT 9=E
FHEE HExee XY Aol 1055 Pas"s Hom,
d37) Fo| HEE o] 593 Pars'e.2 FaHUTh o=
dell AFAFAA T RS G2Edo] 4 HRE
ZAete CqumA AR S 452802 FAD net-
work7F @A 2ol oJaiA dF B AEA %
A5 YD Ao R AtsdTh

webA] g i AAA 92Ed daEd HrtEe

& R TR " EFLEEY 2T AF

7t F7=EH, Odﬂlﬂ"ﬂ oA ZA Aol7t ASFE & F
AR 53] Goll ekge B TIFF gellan gum car-
rageenan< H 24 HaE] EE] AT Fl= H=x

e

:_V}in;rl

Hzse 7

IHE HagEe =)
shear deformation “?j S AL3le] HAT et A S
Qolugich. B2 wHe Hrhshe] w3
ol d3FE H7kste €48 (121°C,
EAXS =439 HFig. 3~6). I8 542 &= (o)l
w2 gAE(elastic modulus G )3 A & (viscous mod-
ulus GN)9 W3z Jeudch A4 s W) Yo A
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S7bsklar, ExlE] ARG dAE o A Agrt 24
FolA e AFS e UtH(Fig. 4, 6). €A ¥ BE
A FEES B AFG)7 AR AFGHES =
< whde) 4L AWA, o geld} FANF 59 e
Aoz Ardth 24 Frtol BhE 9 gelo] B
B A 998 GHEAL YUGH TG
ghol fAStR oM, Ze FEo wekd gae) ol
Aaste geld] 4EAS 116}214(22). x| Hele BE
z10 A & AFet JA ATt FAR e gS e

5000

4500 - —a— Control —e— Gellan gum —@— Glucomannan

—a— Xanthan gum  —x— Carrageenan

< 4000 r
o
_. 3500 r
Q
w3000 [
=
S 2500
©
g 2000 |
£ 1500 |
& 1000
w N

500 K—K—K X ¥ % X

0 L L L L
0 10 20 30 40 50
w

Fig. 3. Changes in the elastic modulus (G'-value) of dextran
culture fortified with various polysaccharides. Data shows the
elastic modulus of dextran culture containing carrot juice residue
and polysaccharides. a: control (dextran culture containing carrot
juice residue), #: dextran culture containing carrot juice residue
and gellan gum, @: dextran culture containing carrot juice residue
and glucomannan, B: dextran culture containing carrot juice resi—
due and xanthan gum, x: dextran culture containing carrot juice
residue and carrageenan.
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Fig. 4. Changes in the elastic modulus (G’-value) of dextran
culture fortified with various polysaccharides after heating.
Data shows the elastic modulus of after heating of dextran culture
containing carrot juice residue and polysaccharides. H-: heating
(121°C, 15 min), A: control (dextran culture containing carrot juice
residue), #: dextran culture containing carrot juice residue and
gellan gum, @: dextran culture containing carrot juice residue and
glucomannan, W: dextran culture containing carrot juice residue
and xanthan gum, *: dextran culture containing carrot juice resi—
due and carrageenan.
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Fig. 5. Changes in the viscous modulus (G"-value) of dex-
tran culture fortified with various polysaccharides. Data
shows the viscous modulus of dextran culture containing carrot
juice residue and polysaccharides. A: control (dextran culture
containing carrot juice residue), . dextran culture containing
carrot juice residue and gellan gum, @: dextran culture containing
carrot juice residue and glucomannan, B: dextran culture contain-
ing carrot juice residue and xanthan gum, *: dextran culture con—
taining carrot juice residue and carrageenan.

Wloy, €A Foll= gellan guma 718kl ™ &4
At AR Ale7t ZA F7kskEA 71 =& 3 UE
o, o2 2 carrageenan®] F7M7F =& S vERY T
o= Table 37 Table 49 AZ} A Bxo] d2ET HE
A7t ExE g Als
9] texture #2319 A hardness, gumminess 2 chewiness
ol A F7leRAL, AEE AF7F Ex8 ARt 453
=4 89 AR FA18 AFE JE AT

wtH o] xanthan gum¥ glucomannan® JA7l= €A €
AZo] & Hgad &gdake] ey 327 g2 3=
Uelytal, o] 9A] Table 39] Ad} o A xanthan gum¥} glu-

Eo gellan gum¥} carrageenang
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Fig. 6. Changes in the viscous modulus (G"-value) of dex-—
tran culture fortified with various polysaccharides after
heating. Data shows the viscous modulus of after heating of dex—
tran culture containing carrot juice residue and polysaccharides.
H-: heating (121°C, 15 min), A: control (dextran culture contain-
ing carrot juice residue), 4. dextran culture containing carrot juice
residue and gellan gum, @: dextran culture containing carrot juice
residue and glucomannan, B: dextran culture containing carrot
juice residue and xanthan gum, x: dextran culture containing car-
rot juice residue and carrageenan.
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